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Abstract: Due to their valuable meat and hepatopancreas, the world’s most famous delicacies, crabs,
have become target species of commercial fisheries and aquaculture. By methods of supercritical
fluid and high-performance liquid chromatography, coupled with high resolution mass spectrometry,
we analyzed triacylglycerols (TG) and phospholipids (PL)—glycerophosphoethanolamines (PE),
glycerophosphocholines (PC), glycerophosphoserines (PS), and glycerophosphoinositols (PI)—in
the hepatopancreas and muscles of the Japanese mitten crab Eriocheir japonica and the red king crab
Paralithodes camtschaticus inhabiting the Sea of Japan. TGs were the main class of lipids in the crab
hepatopancreas, while they were found in trace amounts in muscle. TGs of E. japonica differed from
those of P. camtschaticus by a higher content of 16:0, 16:1, 18:2, and 20:4 FA and a lower content
of eicosapentaenoic and docosahexaenoic acids. The Japanese mitten crab differed from the red
king crab by a lower content of molecular species with eicosapentaenoic acid in PC and PI; an
increased content of arachidonic acid in PE, PS, and PI; and a lower content of molecular species with
docosahexaenoic acid in PE in the hepatopancreas and muscles. The high nutritional value of the
crabs E. japonica and P. camtschaticus was confirmed by a high content of molecular species of lipids
with n-3 polyunsaturated fatty acids. The data of the lipid molecular species profile provide new
background information for future studies on biochemistry and aquaculture of crabs.

Keywords: crab; lipid; mass spectrometry; nutritional value

1. Introduction

Crabs belong to a large group of invertebrates, of which some are valuable aquaculture
and commercial fishery species. About one million tons of crabs are produced each year at
aquaculture farms globally [1]. One of the most popular crab species farmed is the Chinese
mitten crab (Eriocheir sinensis). King crab, of the genus Paralithodes, P. camtschaticus, is
among the major commercial species from the northern Pacific Ocean [2]. The edible parts
of crabs, being the world’s most famous delicacy, also have valuable nutritional properties.
Crab meat contains essential amino acids, minerals, and vitamins [3,4]. Chitosan is obtained
from the crab carapace, which has antibacterial, antioxidant, immune, and antitumor
activities [5].

One of the important components of crabs’ nutritional value are lipids, including n-3
polyunsaturated fatty acids (PUFAs). The PUFA content of many crab species has been
determined [2,6,7]. In utero and in the early years of a child’s life, n-3 PUFA significantly
improves mental development and maturation of visual function [8]. The biological activity
of n-3 PUFAs is mainly related to their anti-inflammatory properties [9], which have great
implication in management of a number of neurodegenerative diseases [10] and breast
cancer [11].
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Currently, the lipidomic approach to biochemical studies of marine invertebrates is
of particular importance [12]. These studies focus on the lipid molecular species profile,
their biological activities, subcellular localization, and tissue distribution, as well as lipid
metabolism and lipid-mediated signaling processes that regulate cellular homeostasis in
health and disease [13,14]. The sensitivity of the lipidome to such factors as genotype,
microbiota, and diet makes lipidomics the base to study interactions between genes, diet,
nutrients, and metabolism [13]. Data on compositions of the crab lipid molecular species
are increasingly accumulated. To date, the lipidomes of five crab species (Paralithodes
camtschaticus, Portunus trituberculatus, Eriocheir sinensis, Cancer magister, and Cancer pagurus)
have been studied for purpose of species discrimination [1]. The lipid molecular profiles of
species were also assessed to elucidate the pathogenesis of protozoans in E. sinensis [15];
the metabolic response to various dietary n-3 PUFA in juvenile P. trituberculatus [16]; the
embryonic development of two sympatric brachyuran crabs (Carcinus maenas and Necora
puber) [17]; and the nutritional value of the crab P. trituberculatus depending on the diet
during its cultivation [18].

One of the species for cultivation in the Sea of Japan is the Japanese mitten crab
Eriocheir japonica, widely distributed in eastern Asia including the waters off Sakhalin,
Primorsky Krai of Russia, eastern Korea, the Japanese archipelago (except the Ogasawara
Islands), Taiwan, and Hong Kong [19]. Eriocheir japonica crab was previously shown to be
rich in n-3 PUFA [7]. The red king crab P. camtschaticus rich n-3 PUFA is the commercial and
expensive species, but the decline of natural populations requires the development and
introduction of biotechnics for artificial reproduction of this species [2,20]. Our study aimed
to compare the lipid molecular species compositions of the muscles and hepatopancreas of
the edible crabs E. japonica and P. camtschaticus inhabiting the Sea of Japan. This study may
extend our knowledge of the distribution of lipids in crab tissues and the nutritional value
of crab lipids.

2. Materials and Methods
2.1. Sample Collection

A red king crab (a male weighing 2950 ± 140 g) was caught in November in the Sea of
Japan and provided for research by the Group of Companies “Antey” (Vladivostok, Russia).
A Japanese mitten crab (a male weighing 250 ± 40 g) was caught in October in the Sea of
Japan by a diver of the A.V. Zhirmunsky National Scientific Center of Marine Biology. Four
of each crab species were taken for lipid analysis. The hepatopancreases and muscles were
manually collected from the crabs and then immediately subjected to lipid extraction.

2.2. The Lipid Analysis

PL standards, including phosphatidylcholine (12:0/12:0 PC), phosphatidylethano-
lamine (18:0/18:1 PE,), phosphatidylserine (16:0/16:0 PS), phosphatidylinositol (18:0/18:0
PI), sphingomyelin (d18:1/16:0 SM), phosphatidic asid (16:0/16:0 PA), triacylglycerol
(16:0/16:0/18:1 TG), diacylglycerol (16:0/16:0 DG), and cholesterol were purchased from
Avanti Polar Lipids, Inc. (Alabaster, Al, USA). Isopropanol and n-hexane (MS grade) were
purchased from Honeywell Riedel-de Haen (Charlotte, NC, USA). Ammonia solution,
triethylamine, and formic acid were purchased from Sigma-Aldrich (St. Louis, MO, USA).
The ultrapure water was obtained using a Milli-Q water purification system (Millipore,
MA, USA). Chloroform and methanol (analytical grade) were purchased from Vekton (St.
Petersburg, Russia).

Internal standards 12:0/12:0 PC and 16:0/16:0/18:1 TGs were added to each sam-
ple allowing for further quantitative analysis. Total lipids were extracted with a chloro-
form/methanol mixture according to [21], evaporated under reduced pressure, weighed,
dissolved in chloroform and stored at −40 ◦C under argon. To analyze the content and
structure of the molecular species of phosphorus-containing lipids, total lipids were sep-
arated on a Shim-Pack diol column (4.6 × 50 mm, particle size 5 µm) (Shimadzu, Japan)
using a Nexera-e chromatography system (Shimadzu, Japan). The elution condition has
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been earlier described in detail in [22]. A high-resolution tandem mass spectrometer
LCMS-IT-TOF (Shimadzu, Japan) was used in the identification and quantification of lipids.
Analysis was performed under the electro-spray ionization (ESI) mode with simultaneous
registration of signals of positive and negative ions. Scanning was performed in a m/z
range of 100–1400. Source voltage was −3.5 kV in case of negative ion formation and 4.5 kV
in case of positive ion formation. The temperature of the ion source was 200 ◦C; dry gas
(N2) pressure, 150 kPa; the flow rate of nebulizing gas (N2), 1.5 L/min. Argon (0.003 Pa)
was used in the collision chamber of the mass spectrometer. The structural identification of
each lipid molecular species was conducted by comparing the retention times, ion forms,
obtained ratio m/z within 5–7 ppm accuracy, and specific fragmentation behaviors of the
phospholipid classes with the commercially available lipid standards. Detailed information
on identification was described earlier in [22,23]. The percentages of the individual molec-
ular species of each lipid class were calculated on the basis of peak area of negative ions
[M–H]−, except for PC and SM which were estimated on the basis of peak area of negative
ions [M+HCOOH]− and positive ions [M+H]+, respectively. A correction coefficient used
in the elimination of differences in the phospholipid’s ionizations. The coefficients were
calculated as the ratio of the areas of individual PL standards to the area of the internal
standard (PC 12:0/12:0). The peak areas of molecular species of analyzed crab lipids were
calculated using the obtained coefficients.

The molecular species of neutral lipids (sterols (ST), DG, and TG) were separated
by supercritical fluid chromatography on a Nexera UC system (Shimadzu, Japan) using
two sequential Shim-pack XR-ODSII (2.0 × 150 mm) columns (Japan) under isocratic
elution (0.6 mL min–1) with supercritical CO2 supplemented with 35% methanol. To
measure the amounts of the molecular species of TG, DG and sterols, an ELSD LT II
(Shimadzu, Japan) light scattering detector was used (the evaporating tube temperature
was 40 ◦C; the spraying gas (N2) pressure was 0.4 MPa). The structures of the molecular
species were determined on a high-resolution tandem mass spectrometer LCMS-IT-TOF
(Shimadzu, Japan); HCOOH (0.1% in MeOH) was added to the eluent flowing out of the
chromatographic column using a pump-through post column micromixer (0.2 mL min–1).
The analysis was performed under atmospheric pressure with chemical ionization (APCI)
in the positive ion mode. Spectra were recorded at m/z 150–1100. The interface temperature
was 350 ◦C and the desolvation line temperature was 200 ◦C. The rates of nebulizing (N2),
heating (air), and drying (N2) gas supplies were 3, 10, and 10 L/min, respectively. The
identification of molecular species of TG was performed according to published previously
study [22].

2.3. Statistical Analysis

The raw data obtained were tested for homogeneity of variances (Levene’s test) and
normality of data distribution (Shapiro–Wilk’s test). Differences in the mean concentration
of PL molecular species (% of each PL class) were analyzed by two-way analysis of variance
(ANOVA). The factors were the origin (species) and the tissue (muscle and hepatopancreas).
Both factors were fixed. The significant differences between the levels within the factors
were assessed post hoc using Tukey’s HSD test. All statistical analyses were performed
using the STATISTICA 12 package (StatSoft, Inc., Tulsa, OK, USA). A probability level of
p < 0.05 was considered statistically significant. Values are presented as mean ± standard
deviation. Heat maps were built using R statistical software (ver. 4.3.1, R Core Team).

3. Results

A high lipid content was recorded from the crab hepatopancreas. The Japanese
mitten crab was distinguished by an increased lipid content of the hepatopancreas
(109.63 ± 0.61 mg/g wet weight (w.w.) of tissue). The hepatopancreas of the red king
crab contained lipids at 36.82 ± 3.64 mg/g w.w. The muscles were characterized by a
low lipid content (3.53 ± 0.92 mg/g w.w. for E. japonica and 1.60 ± 0.40 mg/g w.w. for
P. camtschaticus). The major lipid classes in the hepatopancreases of the studied crabs were
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TG, sterols, PC, and PE (Table 1). PC, PE, and diacylglycerols dominated crab muscles.
Sphingomyelins (SM), phosphatidic acids (PA), and lysophosphatidylethanolamines (LPE)
were also identified in the crab lipids.

Table 1. Lipid composition of muscle and hepatopancreas in the crabs Eriocheir japonica and Paralith-
odes camtschaticus.

Lipids

E. japonicus P. camchaticus
Muscles Hepatopancreas Muscles Hepatopancreas

mg/100 g
w.w.

% of
Detected

Lipids
mg/100 g w.w.

% of
Detected

Lipids

mg/100 g
w.w.

% of
Detected

Lipids
mg/100 g w.w.

% of
Detected

Lipids

TG tr tr 2405.46 ± 446.80 75.55 ± 7.05 tr tr 460.26 ± 85.85 55.22 ± 0.52
DG 49.54 ± 10.99 26.32 ± 6.53 tr tr 22.23 ± 9.43 20.58 ± 8.04 tr tr
ST 2.81 ± 0.91 1.51 ± 0.57 246.15 ± 54.87 7.95 ± 2.65 1.44 ± 0.21 1.36 ± 0.21 24.75 ± 3.06 3.02 ± 0.50
PE 43.27 ± 7.95 22.79 ± 3.07 130.28 ± 14.05 4.17 ± 0.84 20.22 ± 5.08 18.90 ± 3.47 108.11 ± 24.67 12.92 ± 0.65
PC 60.76 ± 11.70 31.98 ± 4.43 353.21 ± 62.43 11.37 ± 3.26 37.04 ± 7.89 34.52 ± 0.40 203.05 ± 39.91 24.33 ± 0.34
PI 10.98 ± 0.65 5.82 ± 0.57 18.57 ± 4.97 0.60 ± 0.22 8.79 ± 1.38 8.27 ± 0.96 15.71 ± 5.19 1.85 ± 0.34
PS 6.95 ± 0.23 3.69 ± 0.35 5.58 ± 1.42 0.18 ± 0.06 7.68 ± 1.39 7.19 ± 0.49 11.42 ± 3.01 1.36 ± 0.15
SM 12.17 ± 2.11 6.41 ± 0.82 4.66 ± 2.04 0.15 ± 0.07 6.48 ± 2.74 6.12 ± 2.86 4.82 ± 1.47 0.57 ± 0.09
PA 2.65 ± 0.80 1.42 ± 0.51 tr tr 1.79 ± 2.87 1.37 ± 2.13 tr tr

LPE tr tr 0.56 ± 0.20 0.02 ± 0.01 1.61 ± 1.56 1.69 ± 1.72 5.70 ± 1.05 0.68 ± 0.03

Data are expressed as the mean ± SD (n = 4). TG: triacylglycerols; DG: diacylglycerols; ST: sterols; PE: glyc-
erophosphoethanolamines; PC: glycerophosphocholines, PI: glycerophosphoinositols; PS: glycerophosphoserines;
SM: sphingomyelins; PA: phosphatidic acids; LPE: lyso glecerophosphaethanolamines; tr: traces.

MS2 fragmentation allows for characterization of the composition of lipid molecular
species. In the muscles and hepatopancreas of E. japonica crab, 151 and 196 lipid molec-
ular species were found, respectively (Table S1). The muscles and hepatopancreas of
P. camtschaticus contained 152 and 178, respectively (Table S1).

The TG compositions of the hepatopancreases from the studied crabs had significant
differences (Tables S2 and S3). E. japonica crab contained 98 molecular species of TG; in
P. camtschaticus lipids, 59 molecular species were detected. Only six TGs were similar
between the hepatopancreases of both crabs. TGs were compared on the basis of the
presence of major fatty acids, which are part of the molecular species (Figure 1). The
E. japonica hepatopancreas contained mainly C16:0, C16:1, and C18:1 fatty acids (FAs). Among
unsaturated FAs, C18:2, C20:5, and C20:4 FAs were present in E. japonica in considerable
amounts. The major molecular types of TG in the Japanese mitten crab hepatopancreas
were 20:4/16:0/18:1 TG (7.63 ± 1.28% of total TG) and 16:1/14:0/16:1 TG (9.82 ± 0.72%
of total TG). The red king crab hepatopancreas was characterized by a high content of
TG with C18:1 and C20:5 fatty acids, among which the major one was 20:5/18:1/18:1 TG
(10.21 ± 0.50% of total TG).

The PE consisted primarily of eicosapentaenoic (C20:5, EPA) and docosahexaenoic acids
(C22:6, DHA) in all the samples studied (Table S4). The alkyl fragment was present at the
sn-1 position of glycerol (ether bond) in 38.09 ± 3.50% and 64.97 ± 3.38% of total PE in the
muscle and hepatopancreas samples of E. japonica, respectively (Figure 2a). The P. camtschaticus
contained alkyl/acyl PE at 55.13 ± 1.37% of total PE in muscles and 57.85 ± 3.73% of total PE
in the hepatopancreas. The major PE molecular species with a more than 5% content of total
PE in the studied samples were 18:1 alk/20:5 PE, 18:0 alk/20:5 PE, 18:0/20:5 PE, 18:1/20:5 PE,
18:1 alk/22:6 PE; 18:0 alk/22:6 PE, and 18:1/22:6 PE. The muscle and hepatopancreas samples
of E. japonica were distinguished by a different level of alkylacyl PE: C20:5 PE and C22:6 PE
(HSD test, p < 0.05) (Figure 2a). The lipids of the P. camtschaticus tissues showed a higher level
of C22:6 PE (HSD test, p < 0.05) than in the E. japonica tissues. The E. japonica hepatopancreas
contained a higher level of C20:4 PE (6.62 ± 1.90% of total PE) compared to the P. camtschaticus
hepatopancreas (2.91 ± 0.68% of total PE).
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Figure 2. (a) The comparison of crab tissues by molecular species of phospholipids containing ether
bond, C20:5, C22:6, and C20:4. (b) Data are expressed as the mean ± SD (n = 4). (c) Different letters
indicate significant difference among different samples (HSD test, p < 0.05). (d) PE: glycerophospho-
ethanolamines; PC: glycerophosphocholines, PI: glycerophosphoinositols; PS: glycerophosphoserines.

The PC composition is provided in Supplementary Materials (Table S4). The major PC
molecular species in the studied samples were 18:1/16:0 PC, 16:0/20:5 PC, 16:1/20:5 PC,
18:1/18:1 PC, 18:1/20:5 PC, and 18:0/20:5 PC (Table S4). No significant differences of PC
groups between the tissue types were found in both crabs (Figure 2b). The P. camtschaticus
hepatopancreas contained the lowest level of alkylacyl PC compared to P. camtschaticus muscles
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and E. japonica tissues (HSD test, p < 0.05). Lipids of the P. camtschaticus samples had a higher
level of PC with EPA compared to the E. japonica crabs (HSD test, p < 0.05) (Figure 2b).

The PI composition was represented mainly by the following molecular species:
16:0/20:5 PI, 16:0/20:4; 18:0/20:5 PI, 18:1/20:5 PI, 18:0/20:4 PI, and 20:1/20:5 PI (Table S4).
The hepatopancreas of the studied crabs differed from muscles by the presence of 18:2/20:5
PI and 20:5/20:5 PI. A comparison of the crab species showed that the E. japonica tissues
differed from those of the P. camtschaticus samples by an elevated amount of PI with ARA
and a reduced amount of PI with EPA (Figure 2c).

The major FA in PS were 18:0, 20:4, 20:5, and 22:6 (Table S4). The E. japonica hepatopan-
creas did not contain PS with DHA, whereas tissues of P. camtschaticus and muscles of E.
japonica consisted of a higher amount of DHA-containing PS compared to other PL. Lipids
of the E. japonica hepatopancreas included only two molecular species of PS (18:0/20:4 PS
and 18:0/20:5 PS). The muscles of P. camtschaticus differed from the hepatopancreas by the
presence of 20:1/22:6 PS. All the tissues of E. japonica contained a higher level of ARA in
PS compared to those in the P. camtschaticus samples (HSD test, p < 0.05). The E. japonica
muscles were characterized by a high level of PS molecular species with DHA (Figure 2d).

The crab phospholipid composition included SM, PA, and LPE (Table S5), but we did
not consider these lipid classes in the comparison of crabs. We did not determine the molec-
ular species composition of SM either. The LPE and PA were present in small amounts.

The studied crabs had a number of distinguishing features in the composition of muscle
and hepatopancreas phospholipids. A heat map of lipids was used to visualize the main
differences in phospholipid composition of the studied samples of crabs (Figure 3). For
heat map creation we used the content of PL molecular species (average data of % of each
phospholipid class) based on the results of a two-way ANOVA and HSD test (p < 0.05)
(Table S4). The Japanese mitten crab differed from the red king crab by a lower content of
molecular species with 20:5 FA in PC, PS, and PI; an increased content of 20:4 FA in PE, PS,
and PI; and a lower content of molecular species with 22:6 FA in PE the hepatopancreas
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4. Discussion

Lipids as energy sources and structural components of cell membranes are necessary
for the normal growth and survival of aquatic animals. The development of analytical
methods has led to an increase in studies on the composition of lipid molecular species
in marine organisms. Changes in crabs’ lipidome have been shown to occur under dif-
ferent diets [16,17,24] and fungal infection [15,25]. We identified the profile molecular
species of main lipid classes in the hepatopancreas and muscles of the crabs E. japonica and
P. camtschaticus.

4.1. Differences in Lipid Composition between the Crabs E. japonica and P. camtschaticus

We determined 10 lipid classes in the hepatopancreases and muscles of E. japonica and
P. camtschaticus. The hepatopancreases of the studied crabs contained mainly TGs (76.01%
and 55.17% of all detected lipid classes for E. japonica and P. camtschaticus, respectively).
As was described earlier, TGs also dominate edible viscera of P. camtschaticus and Eriocheir
sinensis [1]. The major phospholipids in the hepatopancreas are PE and PC, which is
confirmed by earlier studies [2,24].

In our study, TGs in the crab hepatopancreas were represented by a great amount of
various molecular species. A total of 98 and 59 molecular species of TG were detected in
E. japonica and P. camtschaticus, respectively. We found only nine of the same molecular
species of TG in hepatopancreas lipids of E. japonica and P. camtschaticus. Xu et al. (2021)
showed earlier a diversity of TG in the E. sinensis hepatopancreas [24]. Yao et al. (2023)
detected various molecular species of TG in edible viscera of P. camtschaticus and E. sinensis.
Authors showed that 16:0/20:1/18:2 and 16:0/18:1/20:1 were the main TGs in P. camtschati-
cus and that 16:0/16:0/20:5, 16:0/16:1/20:1, and 14:0/18:0/18:1 were a considerable part of
E. sinensis edible viscera [1]. The TGs of E. japonica differed from those of P. camtschaticus by
a higher content of 16:0, 16:1, 18:2, and 20:4 FA. Significant differences in the composition
of TG were also found when compared with E. sinensis edible viscera [1]. E. japonica crabs
spend and feed in freshwater habitats as a considerable part of their lives [18]. C18:2 FA is
derived from freshwater plants [26]. It is known that TG is a primary storage compound in
decapod crustaceans [27]. Such a diversity in TG molecular species may be associated with
the significant differences between the diets of the studied crabs.

Muscles of the studied crabs contained a high amount of DGs, which was not encoun-
tered in previous studies. High amounts of DGs in the muscles and liver were reported
earlier for the surgeonfish Acanthurus bariene [28]. Authors associated it with the action of
phospholipases, but they could not identify any aspects of handling and processing that
would produce the elevated values [28]. Lipids were extracted simultaneously from all our
samples, and the hepatopancreas samples did not contain DG and MAG in the lipid extract
despite the presence of active lipases [29]. Further investigation is needed to explain the
role of the high DG content in crab muscles. Among the phospholipids, PC and PE were
the main classes in the muscles of both crabs.

The major phospholipids of crab tissues were represented by the same molecular
species. However, PE of the red king crab contained more DHA molecular species compared
to the Japanese mitten crab. Phospholipids are more conservative compounds because
they are constituents of cell and organelle membranes. However, the composition of crab
phospholipids was shown to depend on diet [15]. The red king crab spends all its life in
ocean or sea habitats, feeding on various marine organisms which can be additional sources
of DHA. The profile of phospholipid molecular species of E. japonica and E. sinensis [1]
is mostly similar. The main molecular species of PE, PC, and PI were the same. The
phospholipids of E. japonica differed from E. sinensis with a higher content of C20:4-containg
PI and lower content of C22:6-containig PE. We did not detect ether form of PI in E. japonica
hepatopancreas in comparison to E. sinensis hepatopancreas [1]. The explanation for the
differences in lipid profiles between these similar species needs clarification, since the
Chinese mitten crab was farm raised, and we used wild Japanese mitten crab.
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4.2. Nutritional Value of Crab Lipids

Diet is one of the major factors that may help prevent or promote a disease. Several
health disorders including obesity, diabetes, cardiovascular diseases (atherosclerosis, hy-
pertension, myocardial infarction, and stroke), osteoporosis, inflammatory disease, even
infectious diseases, and certain cancers are associated with diet [13,30]. Marine lipids
are characterized by high nutritional value and show various positive effects on human
health [31]. The beneficial properties of marine lipids are associated mainly with a high
n-3/n-6 PUFA ratio. The n-3/n-6 PUFA balance in the human diet is especially important
for the treatment of inflammation. PUFA acts on inflammation through the production
of oxylipins and the regulation of transcription factors and epigenetic changes [9]. The
anti-inflammatory effect of n-3 PUFA on the immune response has been evidenced through
human studies [32,33]. The number of studies considering the health-beneficial effects of PL
and TG species esterified with n-3 PUFA from marine sources has increased recently [34].

Paluchova et al. identified triacylglycerol-based marine oil as an optimal nutritional
source of DHA which supports production of anti-inflammatory fatty acid esters of hydroxy
fatty acids [35]. In our study, TGs with EPA and DHA dominated the lipids of the red king
crab hepatopancreas. As a reserve class of lipids, TGs are an available source of fatty acids
for energy and structural needs. The crab hepatopancreas, used as an edible part, was
characterized by a high content of lipids with the major class being TG. The red king crab
hepatopancreas, which is rich in molecular species of triglycerides with EPA and DHA, can
become a source of n-3 PUFA.

The muscles of the studied crabs were dominated by phospholipids containing mainly
EPA and DHA. Currently, special attention is paid to the implication of n-3 PUFA-containing
phospholipids in the human diet. The beneficial properties of EPA/DHA-PL are considered
in multiple reviews [34,36–38]. The nutritional functions of EPA-PL include improvement
in brain functions, visual development, nervous system development, and regulation of
blood lipids [39]. The biological activities of DHA-PL comprise anti-neurodegeneration,
anti-neuroinflammation, and anticancer; they also show benefits in the management of
obesity and visual problems [40]. It has been reported that EPA- and DHA-PL significantly
ameliorate depression-like behavior in mice [41].

The PE and PC of the studied crab tissues included molecular species with ether bond.
We could not determine whether PE and PC have an alkyl or alkenyl bond. However, it was
previously shown that ether-PE in P. camtschaticus lipids is present in a plasmalogen form [1].
Ether lipids are an important group of lipids characterized by an alkyl or alkenyl bond
(plasmalogen) at the sn-1 position of the glycerol backbone. Ether phospholipids are among
the major constituents of biological membranes; impairment in their biosynthesis leads
to serious diseases (Rhizomelic Chondrodysplasia Punctata, Zellweger syndrome) [42].
A decreased level of plasmalogens (the most abundant form of ether-phospholipids in
mammals) is associated with smoking-related lung disease and was also found in brains
of Alzheimer’s and Parkinson’s disease patients [43]. It was recently reported that dietary
supplementation with alkenylacyl PE and alkylacyl PC decreased the total cholesterol
and low-density lipoprotein cholesterol concentrations in the serum of high-fat-induced
atherosclerotic hamsters [44].

The study has shown that the crabs E. japonica and P. camtschaticus differ in the
composition of TG and PL molecular species. Significant differences in the TG profile are
probably caused by the specifics of crabs’ diet, whereas PL, as a structural component of
cell membranes, is affected by genetic differences in crabs. Hepatopancreas of red king
crab may be a source of TG containing n-3 PUFA. The muscles of the studied crabs contain
predominantly molecular species of PL with n-3 PUFA, whose significance in the diet has
received special attention of researchers. The data of the lipid molecular species profile
provide new background information for future studies in the fields of biochemistry and
aquaculture of the E. japonica and P. camtschaticus crabs in the Sea of Japan.
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Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/foods12183359/s1, Table S1: Amount of identified of lipid molecular
species in muscle and hepatopancreas of crabs Eriocheir japonica and Paralithodes camtschaticus; Table S2:
Profile of triacylglycerol molecular species of crab Eriocheir japonica hepatopancreas; Table S3: Profile
of triacylglycerol and monoalkyldiacylglycerol molecular species of crab Paralithodes camtschaticus hep-
atopancreas; Table S4: The content of molecular species of glycerophosphoethanolamine, glycerophos-
phocholines, glycerophosphoserines, and glycerophosphoinositols in the different tissues (muscle and
hepatopancreas) of different species crabs Eriocheir japonica and Paralithodes camtschaticus and the results
of two-factor ANOVA; Table S5: Molecular species composition of sphingomyelins, phosphatidic acids
and lyso-glycerophosphoethanolamine in in muscle and hepatopancreas of crabs Eriocheir japonica and
Paralithodes camtschaticus; Figure S1: Heat maps of average data of main phospholipid molecular species
with a clustering (tree clustering, wards method, and Euclidean distances).
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30. Żarnowski, A.; Jankowski, M.; Gujski, M. Public Awareness of Diet-Related Diseases and Dietary Risk Factors: A 2022 Nationwide
Cross-Sectional Survey among Adults in Poland. Nutrients 2022, 14, 3285. [CrossRef]

31. Haq, M.; Suraiya, S.; Ahmed, S.; Chun, B.-S. Phospholipids from marine source: Extractions and forthcoming industrial
applications. J. Funct. Foods 2021, 80, 104448. [CrossRef]

32. Bouwens, M.; van de Rest, O.; Dellschaft, N.; Bromhaar, M.G.; de Groot, L.; Geleijnse, J.M.; Müller, M.; Afman, L.A. Fish-oil
supplementation induces antiinflammatory gene expression profiles in human blood mononuclear cells. Am. J. Clin. Nutr. 2009,
90, 415–424. [CrossRef] [PubMed]

33. Itariu, B.K.; Zeyda, M.; Hochbrugger, E.E.; Neuhofer, A.; Prager, G.; Schindler, K.; Bohdjalian, A.; Mascher, D.; Vangala, S.;
Schranz, M.; et al. Long-chain n-3 PUFAs reduce adipose tissue and systemic inflammation in severely obese nondiabetic patients:
A randomized controlled trial. Am. J. Clin. Nutr. 2012, 96, 1137–1149. [CrossRef] [PubMed]

34. Yeo, J.; Parrish, C.C. Mass Spectrometry-Based Lipidomics in the Characterization of Individual Triacylglycerol (TAG) and
Phospholipid (PL) Species from Marine Sources and Their Beneficial Health Effects. Rev. Fish. Sci. Aquac. 2022, 30, 81–100.
[CrossRef]

35. Paluchova, V.; Vik, A.; Cajka, T.; Brezinova, M.; Brejchova, K.; Bugajev, V.; Draberova, L.; Draber, P.; Buresova, J.; Kroupova, P.; et al.
Triacylglycerol-Rich Oils of Marine Origin are Optimal Nutrients for Induction of Polyunsaturated Docosahexaenoic Acid Ester
of Hydroxy Linoleic Acid (13-DHAHLA) with Anti-Inflammatory Properties in Mice. Mol. Nutr. Food Res. 2020, 64, 1901238.
[CrossRef]

36. Zhang, T.-T.; Xu, J.; Wang, Y.-M.; Xue, C.-H. Health benefits of dietary marine DHA/EPA-enriched glycerophospholipids. Prog.
Lipid Res. 2019, 75, 100997. [CrossRef]

37. Ahmmed, M.K.; Ahmmed, F.; Tian, H.S.; Carne, A.; Bekhit, A.E. Marine omega-3 (n-3) phospholipids: A comprehensive review of
their properties, sources, bioavailability, and relation to brain health. Compr. Rev. Food Sci. Food Saf. 2020, 19, 64–123. [CrossRef]

38. Schverer, M.; O’Mahony, S.M.; O’Riordan, K.J.; Donoso, F.; Roy, B.L.; Stanton, C.; Dinan, T.G.; Schellekens, H.; Cryan, J.F. Dietary
phospholipids: Role in cognitive processes across the lifespan. Neurosci. Biobehav. Rev. 2020, 111, 183–193. [CrossRef]

39. Wang, Z.; Zhao, J.; Wang, Y.; Zhang, T.; Liu, R.; Chang, M.; Wang, X. Advances in EPA-GPLs: Structural features, mechanisms of
nutritional functions and sources. Trends Food Sci. Technol. 2021, 114, 521–529. [CrossRef]

40. Ferreira, I.; Rauter, A.P.; Bandarra, N.M. Marine Sources of DHA-Rich Phospholipids with Anti-Alzheimer Effect. Mar. Drugs
2022, 20, 662. [CrossRef]

https://doi.org/10.1016/j.foodchem.2021.129570
https://doi.org/10.1038/srep14549
https://doi.org/10.1016/j.jchromb.2021.122845
https://doi.org/10.1163/1937240X-00002399
https://doi.org/10.1111/j.1365-2095.2005.00374.x
https://doi.org/10.1016/S0021-9258(18)64849-5
https://doi.org/10.1007/s00338-022-02222-1
https://doi.org/10.1134/S1068162019010151
https://doi.org/10.1016/j.aqrep.2021.100596
https://doi.org/10.3389/fmicb.2022.990737
https://doi.org/10.1007/BF01170197
https://doi.org/10.3354/meps12712
https://doi.org/10.1007/s002270050452
https://doi.org/10.7717/peerj.12742
https://doi.org/10.3390/nu14163285
https://doi.org/10.1016/j.jff.2021.104448
https://doi.org/10.3945/ajcn.2009.27680
https://www.ncbi.nlm.nih.gov/pubmed/19515734
https://doi.org/10.3945/ajcn.112.037432
https://www.ncbi.nlm.nih.gov/pubmed/23034965
https://doi.org/10.1080/23308249.2021.1897968
https://doi.org/10.1002/mnfr.201901238
https://doi.org/10.1016/j.plipres.2019.100997
https://doi.org/10.1111/1541-4337.12510
https://doi.org/10.1016/j.neubiorev.2020.01.012
https://doi.org/10.1016/j.tifs.2021.06.019
https://doi.org/10.3390/md20110662


Foods 2023, 12, 3359 11 of 11

41. Wang, C.-C.; Wang, J.-Y.; Shi, H.-H.; Zhao, Y.-C.; Yang, J.-Y.; Wang, Y.-M.; Yanagita, T.; Xue, C.-H.; Zhang, T.-T. DHA-Enriched
Phospholipids Exhibit Anti-Depressant Effects by Immune and Neuroendocrine Regulation in Mice: A Study on Dose- and
Structure-Activity Relationship. Mol. Nutr. Food Res. 2023, 67, 2200089. [CrossRef] [PubMed]

42. da Silva, T.F.; Sousa, V.F.; Malheiro, A.R.; Brites, P. The importance of ether-phospholipids: A view from the perspective of mouse
models. Biochim. Et Biophys. Acta (BBA)-Mol. Basis Dis. 2012, 1822, 1501–1508. [CrossRef] [PubMed]

43. Dorninger, F.; Werner, E.R.; Berger, J.; Watschinger, K. Regulation of plasmalogen metabolism and traffic in mammals: The fog
begins to lift. Review. Front. Cell Dev. Biol. 2022, 10, 946393. [CrossRef] [PubMed]

44. Wang, X.; Chen, Q.; Wang, X.; Cong, P.; Xu, J.; Xue, C. Lipidomics Approach in High-Fat-Diet-Induced Atherosclerosis Dyslipi-
demia Hamsters: Alleviation Using Ether-Phospholipids in Sea Urchin. J. Agric. Food Chem. 2021, 69, 9167–9177. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1002/mnfr.202200089
https://www.ncbi.nlm.nih.gov/pubmed/36177701
https://doi.org/10.1016/j.bbadis.2012.05.014
https://www.ncbi.nlm.nih.gov/pubmed/22659211
https://doi.org/10.3389/fcell.2022.946393
https://www.ncbi.nlm.nih.gov/pubmed/36120579
https://doi.org/10.1021/acs.jafc.1c01161

	Introduction 
	Materials and Methods 
	Sample Collection 
	The Lipid Analysis 
	Statistical Analysis 

	Results 
	Discussion 
	Differences in Lipid Composition between the Crabs E. japonica and P. camtschaticus 
	Nutritional Value of Crab Lipids 

	References

