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Various protocols are currently used to study nlipids, but there is a growing interest in workion dry samples that are
easier to transport. However, reference protocasstll lacking for dry samples. In order to makeommendations on this
use, lipid classes and fatty acids (FA) obtainednfisix analytical protocols using two differenstie states (drys wet) and
three extraction methods (automest manual pottewns leaving the solvent to work on tissue) were coregarThree dry
storage modes of tissue (freeaargas nitrogervs dry room) during one and three months were alsopzoed. These
comparisons were made on seven marine speciesdiffignent lipid profiles, including fishes, crustans and mollusks.
Lipid classes and FA obtained from wet and dryugsswere similar, but they were affected by theaetion methods.
Regardless of tissue state, “Leave to work” methobisined the highest lipid quantities, followed tmanual potter and
automat methods (ca. 90% and 80% of “Leave to wankthods, respectively). Linear relationships adldvcorrection for
lipid classes and FA concentrations obtained frafferént protocols. The repeatability of all protdg still needs to be
improved, especially for fish species. Increasimg teplicate number for each sample might be aimeictdway to improve
lipid quantification. Our results show that storidg tissues in the freezer for more than one movdb associated with a
decrease in lipids, which is also observed for ogterage methods. For qualitative studies of Pépessed in %), a three-
month storage of dry tissue in freezer did notafthe relative composition of species/tissues witipid content below 20%

of dry weight.

1. INTRODUCTION

Lipids are extensively studied in marine ecologytfadee main reasons: (i)
they constitute the main energy storage form aedaasociated with energy
allocation strategies [1,2]; (ii) they act as egidal tracers as some fatty
acids (FA) are conserved during trophic transfard]] (iii) they are the main
component of the cell membrane and involved in jahygical processes
such as the homeostasis, the immune responseharmbitmone biosynthesis
[5,6]. Lipids are grouped into classes with FA aslding blocks for most
complex lipids. FA are carbon chains differing ength and double bond
number and position: from zero (saturated FA; SteA3everal double bonds
(polyunsaturated FA; PUFA). Among lipid classesAtylGlycerols (TAG)
consist of three FA esterified to a glycerol bagidoAnimals store TAG
when dietary lipids and energy intake exceed demaRtospholipids (PL)
consist of one or two FA esterified to a phosphage and constitute cell
membranes. Free sterols (ST) contain no FA, bytgreimportant role for
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the cell membrane, as well as for lipoproteins &oetmone biosynthesis.
Beyond these general aspects, the lipid metabali@nimals is linked to
taxonomy. For instance, crustaceans are incapdbtie noovo ST synthesis
and depend on dietary ST sources [7]. Bivalve nskBusynthesize unusual
‘non-methylene interrupted’ (NMI) FA which can besed as tracers for
bivalves in food chains [8]. Tunas are among tltheast species in PUFA
docosahexaenoic acid content (DHA; 22:6n-3) [1].

Marine lipids are commonly extracted with the salveixture of Folch et
al. [9] (chloroform:methanol; 2:1, v/v) using difemt methods. The most
popular methods use automats such as Soxhlet awdlehated Solvent
Extraction (e.g., [10-12]), potter homogenizergy.(e[13-15]) or leave the
solvent to work on ground tissue (e.g., [16—18Bclk extraction method has
its own advantages and limitations: automats gélgeraprove repeatability
[19,20], manual devices such as potter homogeniages cheaper than
automats, and leaving solvent to work reduces agditeps that generate
variability [21].



Marine ecologists also deal with the constrainstofring tissue when lipids
cannot be chemically-extracted immediately aftengang. Tissues can be
stored frozen without degradation of marine lipfds several months to
several years at -80°C (deep-frozen) [16,22] ane@tC for some species
[20,23,24]. However, the recommended deep-frozerage is constraining
over the long term as it requires suitable infragtire and logistics; it also
proves problematic when transportation is neededh fremote areas, as
maintaining samples at such temperature is compfisrage into lipid-
adapted solvent is not suitable for aircraft tramgpneither for samples
intended to be used for various types of compleargnanalyses such as
stable isotopes [25,26] and DNA [27]. Freeze-dryioglyophilization; a low
temperature dehydration process) is a good aligen&ir marine ecologists
as it is compatible with analyses of stable iso$0j28], metallic and organic
contaminants [29] and metabolomic analyses suchNuaslear Magnetic
Resonance [30]. Few studies have however lookedthe effect of drying
tissue on subsequent lipid analyses. Dunstan g1jland Murphy et al. [32]
conducted tests on the oystarassostera gigas and the green-lipped mussel
Perna canaliculus, respectively, and found no significant influerafdreeze-
drying on lipid composition compared to frozen diss Caution seems
required for the long-term storage of dry tissusdiid degradation might
have occurred (see [33] on rat liver after nine-thostorage). For most
marine taxa, the lack of comparison to suitableeresfce points (e.g.,
before/after drying and before/after dry storagadl labs to work on frozen
(e.g., [14,15]) as well as on freeze-dried tis{ess., [34—36]).

In this study, lipid class and FA compositionsaited from six extraction
protocols were compared on a quantitative (conagofr) and qualitative
basis (percentage). These protocols differed in Ertissue state (wet dry)
and extraction method (automat manual potters leave solvent to work).
Statistical differences, reproducibility and repadmlity were the main criteria
used to compare the six protocols, all tested i@ #ame laboratory.
Reproducibility was defined as the agreement betwest results obtained
with different protocols and repeatability as tlggement of replicate tests
carried out for each protocol. For dry samples, dffects of storage mode
(freezervs gas nitrogervs dry room) and duration (referencevs t.1 mont VS
tiamonthd Were tested. The loss in lipid classes and FA wezsl as the criteria
to assess storage modes, regardless of the ligjcadition products. All
protocols for marine lipid extraction and tissuerage were tested on seven
species from different phylum and biomes, includiemperate, tropical and
cultured fish, crustacean, cephalopod, and shelifis account for diverse
marine lipid profiles.

2. MATERIAL AND METHODS
2.1. Tissue homogenates

Around 40 g of tissue were sampled from each ef geven
selected marine species. Tissue samples were teolldoom (i) a single
individual for the emperor red snappantjanus sebae (dorsal muscle), the
common octopu®ctopus vulgaris (muscle), and the painted spiny lobster
Panulirus versicolor (tail muscle), three tropical species from coagtalers
of Mahé Island (Seychelles, Indian Ocean); (ii)omlpof individuals for the
blue musseMytilus edulis (n=40; mantle), the European pilchasdrdina
pilchardus (n=15; dorsal and ventral muscle), the culturdthegad sea bream
Sparus aurata (n=4; dorsal muscle), and the Atlantic bluefin aurhunnus
thynnus (n=10; pectoral white muscle). Blue mussels webeaioed from
coastal waters of western Brittany (France, Atlan@cean), European
pilchard and Atlantic bluefin tuna were collected the Gulf of Lions
(Mediterranean Sea), and cultured gilthead searbreare obtained from the
Ifremer marine station of Palavas, France. Wilccgsewere collected during
research programs, in collaboration with local dishen. For each species,
deep-frozen tissues were homogenized, i.e. mintexiall pieces of ca. 3-
5mg over ice packs covered with a sheet of foilaimid defrost and
contamination.

Homogenates were not pulverized into a thinner mowed that the grinding
performance of the potter homogenizer could besasseafterwards. Finally,
the seven species homogenates were stored in ipgise¢ bottles at -80°C
until further analyses.

2.2. Freeze-drying and water content

Thirty-six sub-samples were freeze-dried from eathhe seven species
homogenates previously minced (12 and 24 sub-sanfiptelipid extraction
and storage comparison, respectively). For eachsantple, about 1 g of
frozen homogenate was weighted in a cryotube ton#esest 0.1 mg on an
Adventurer pro balance (OHAUS, Nanikon, Swiss) &meze-dried for 48
hours in the dark using an Alpha 1-4 freeze-dr@hrist, Osterode am Harz,
Germany). For each species, 12 dry sub-samples weighted to
gravimetrically measure the water content and $ipiere chemically
extracted in less than 24 hours after freeze-dryseg 2.3. Lipid extraction
protocols). The 24 remaining dry sub-samples wéoeed using different
methods (see 2.4. Storage of dry tissues).

2.3. Lipid extraction protocols

For each specie homogenate, six protocols fod lgitraction (numbered
from A to F) were tested over four replicates. Giessused for lipid extraction
were either frozen at -80°C [protocols A, C, E]fmeze-dried [protocols B,
D, F] (Fig. 1). Lipids were extracted from tissweish different processing: a
pressurized automat [protocols A and B], a Dounottep homogenizer
[protocols C and D], or a ‘leave-to-work’ period 24 hours [protocols E and
F] (Fig. 1). Before extraction, all tissues wereigi¢ed to the nearest 0.1 pg
on a XP6 analytical balance (Metler-Toledo, Virgfld&rance). Lipids were
extracted using a modified solvent mixture of Folat al. [9]
(dichloromethane:methanol; GEl,:MeOH; 2:1, v/v) [37,38] with butylated
hydroxytoluene as an antioxidant (0.01%; w/w). Tiesand solvent quantities
were adapted to each method in such a way thatatie of modified Folch
mixture to sample was 50:1 (w/w) to insure a coneplipid extraction [39].

231 Protocols A and B [ASE]

An automated pressurized liquid extraction techaigf trade name ASE
200 for Accelerated Solvent Extractor (Dionex, \foés de Bretonneux,
France) was used. The ASE program was set to & tiyat includes 5 min
preheat and 10 min of static phase heat at 10(n&Cpeessurized to 130 psi.
This program consumes 16-17 mL of the modified Fratixture. ASE cells
contained ca. 300 mg (frozen) or 100 mg (dry) s$ue homogenate mixed
with glass beads. For protocol A, ASE cells wergeasled and placed into
the rack progressively to avoid tissue defrost leextraction. Extracts were
flushed with nitrogen and stored 2 to 4 hours 8f@as they arrived to the
end of the ASE cycle.

232 Protocols C and D [Dounce]

A 15-cnt Dounce potter homogenizer (glass/Teflon; Fischeersific,
llikirch, France) was used. Lipids were extracteshf ca. 120 mg (frozen) or
80 mg (dry) of tissue homogenate with 6 mL of thadified Folch mixture (3
rinses with 2 mL) and transferred into glass vi&dstracts were flushed with
nitrogen, vortexed, sonicated for 20 minutes (stitand bath in +20 °C-
water), and stored 2 to 4 hours at -20°C.

233 Protocols E and F [Ltw]

The solvent was left to work on the tissue homagerior 24 hours. Lipids
were extracted from ca. 120 mg (frozen) or 80 mrg)(df tissue with 6 mL of
the modified Folch mixture directly added into @glagial. Extracts were
flushed with nitrogen, vortexed, sonicated for 2idwutes (ultrasound bath in
+20 °C-water), and stored 24 hours at -20°C. Thatgeol applied on dry
samples (protocol-F) was set by Cruz et al. [40]aaseference for lipid
extraction fromO. wulgaris andS. pilchardus, and it provided similar results
to the AOAC Official Method 996.06 on flaxseed [4Ebr the present study,
Protocol-F was therefore used as the referendeqoio



Fig. 1. Outline of the six protocols used for lipid extiact (A tc
F) compared acrosseven marine species (see Materig
Methods for details). Comparisons are baseohujpid clases
and fatty acid analyses. Methods using dieepen wet tissues-
80°C) are in blue, those using freeftéed tissues are in re
Weights, volumes and handling tinage given for one samp
Logos legend is at the bottom.
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Extracts were brought back to room temperaturéxed with aqueous
potassium chloride (0.88%; m/v) to obtaihe final ratio of 8:4:
CH:Cl;:MeOH:Water (v/v/v) [9], and were therentrifuged for 8 min at 1000
rpm and 15°C. The lower organic layers containitissolvedlipids were
transferred into glass vials using Pasteur pipatie evaporatecto dryness
with nitrogen using an N-Evap 111 extractor (S8XS, Berlin, USA. Lipid
extracts were then stored in &, and nitrogen at20°Cfor one to five days
before analyses.

2.4. Storage of dry tissues

For each species, the 24 freeze-dried samples wer@assigned to three
storage modes and two durations, in four replicatesediatdy after freeze-
drying, cryotubes containing dry tissues were stofg in a -20°C-freezer;
(ii) in dry room (28°C and 30% air humiditysealed with paraffi and
nitrogen (inert gas) or; (iii) straight in dry rog28°C and 30% air humidit.
These samples were stored for either one or timeaths. Protocol-F
(‘Leave-to-work’) was used for lipid extractiofror comparisos with
(reference), lipid classes were analyzed after lstahagedurations (fimontn
and tsmonng @nd fatty acids were analyzed ajntnns because of time ar
financial constraints. Seven of the 1&plicates were lost during prepara
(glass vial broken).

2.5. Lipid class quantification

Lipid extracts in CHCI, were spotted on quarthromarods S5 (i.e. ro
covered with silica; Bionis, St Georges Motel, Fr@nusing a5 pL airtight
glass syringe. They werseparated into lipid classes in two-phase
development system:)(40 minutes in 80:20:1 hexane/hyl-ether/formic
acid; and (ii) 15 minutem pure acetone, followed by two times 10 minute
5:4:1 chloroform/methanol/water [42]ipid classes were quantified er
each separation phase using an latroscan 68lKdatron Laboratori,
Mitsubishi Chemical Medience, Tokyo, Ja) thin-layer
chromatography flame ionization detector analyzer (T-FID) with
hydrogen flow set to 160-170 mL.minThe signal was detected in millivo
and quantified using lipid standards (Cholesterdlnytate, glyceryl
tripalmitate, cholesterol, oleic acid, Diglygé palmitate, DL-palmitine and
phosphatidil choline; Sigma-AldrichSt Quentin Fallavier, Fran) with
PeakSimple 3.93 software (SRI Instrumeriiayl St. Torrance, US). The
minimum peak area considered was 0.1 mVin@oncentrations  six lipid
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classes were determinéidom least to most pol lipid class): triacylglycerols
(TAG), free fatty acid (FFA)sterols (ST)diacylglycerols (DAG), acetone
mobile polar lipids (AMPL, includingmonoacylglycerol, pigments, and
glycolipids) and phospholipids (PL). Thmeeananalytical variability for this
quantification method was 17% (ssection 3. for details on each lipid
classes) based on 20 measurementtalmbratory standards achieved ¢
different days.

2.6. Fatty acid analysis

For FA quantification, tricosanoic ac{@d3:C; 2.3 pg) was added as internal
standard to 250 pl of lipid extractipids wert transesterified with 800 pL of
H,SO; (3.8 % in MeOH) at 100 °C for 1fdin [43] and washed three times
with 1.5 mL of hexane-saturated ditd water. latty acid methyl esters
(FAME) were separated and quantifieddas chromatograptcoupled with a
FID (varian CP8400 gas chromatograpkgilent, Les Ulis, France) at the
LEMAR Lipidocean facility (Brest, FranceSamples (2 L) were injected in
splitless mode at an oven temperature ¢ °C and carried by helium gas
simultaneously in two columns to impro#&ME identificatior (polar Zebron
ZB-WAX and apolar ZB5HT columns, boti30 m in length, 0.25 mm internal
diameter, 0.25 pm film thickness; Phenom¢, Le Pecq, France). The oven
temperature was raised to 150 °C at 501fi@*, to 170 °C at 3.5 °C.mih to
185 °C at 1.5 °C.mify to 225 °C at 2.4 °.min"and then to 250 °C at
5.5 °C.min'. FAME were identified by comparing sample retentiomes to
those of commercial standard mixture @nponents FAME Mix; Sign-
Aldrich) using Galaxie 1.9.3.2 softwarédilent). FAME peak area was
converted into pg of FA based on #tandar peak area. The mean analytical
variability for FA quantification was 8% based on fivmeasurements of the
standard mixtureachieved on different da. Co-elution occurs between
20:1n-7 and 22:2i and between 21%rand 22:3nmi in mussel samp
Thirty-one FA > 0.8% of total FAn at least one sample werept for data
analysis.

2.7. Data analysis

In the subsequent sections, “wet tisstefels to frozen wet tissue and dry
tissue to freeze-dried tissue. A#sults areexpressed in pg.rigon a dry
weight basis (dw) for comparison acrgsstocol: and are presented as mean
+ SD. For protocols based on wet tissias C and E), the water content
measured before/after freeze-drying wiaed to convertissue wet mass into
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tissue dry mass. Species were grouped into “Leam’ ‘&at” species for
visualization purpose, the threshold was arbitestyat 120 pg.mtdw (Lean
species:L. sebae, M. edulis, O. wlgaris and P. versicolor, and fat species:
S pilchardus, S aurata andT. thynnus).

Lipid class and FA concentrations (log and squaret transformed to
achieved normality of residuals in the analysispeetively) were compared
among lipid extraction protocols (three factorsstie state, extraction method
and interaction) and among dry storage (three facttorage mode, duration
and interaction) using MANOVAs (multivariate anadgsof variance; F-test).
The higher the F value, the stronger the influesicthe factor. Normality of
residuals was tested with the univariate Shapirtic\Wdst. When residuals
were not normally distributed, a non-parametric eédeh-Ray-Hare test (H-
test) was used instead of a MANOVA. Post-hoc tgsasametric TukeyHSD
or non-parametric Dunn Holm-adjusted test) were liagpto refine
differences among the factors’ modalities of tipédliextraction protocols and
the storage modes factors. Principal Component y&eal (PCA) and
PERMANOVAs (multivariate analyses of variance wBB9 permutations
based on Euclidian distance matrix; Pseudo-F teste applied on square
root transformed % FA to compare FA profiles amdimd extraction
protocols and dry storages. PERMANOVA is an analsgim non-parametric
MANOVA: it partitions sums of squares of a multiege dataset among
factors and uses a permutation test.

Reproducibility and repeatability were assesseceémh species homogenate.
Reproducibility was defined for major lipid classesd FAs as the ratio
between the quantity obtained with a given protdgodhe quantity obtained
with the reference protocol-F [40]. The reproduiipiof each protocol was
considered acceptable when comprised between 9%-1R@peatability was
assessed for each compound with replicate sampiesgh the coefficient of
variation (CV), defined as the ratio of SD to theam. The higher the CV, the
lower the repeatability. Repeatability was consdeacceptable when CV
was below 10%. All statistical analyses were penfed using R 3.5.0
software [44], ‘MVN’, ‘vegan’ and ‘dunn.test’ pacges.

3.RESULTS
3.1. Influence of lipid extraction protocols

The tissue state had little impact on lipid clasaed FA concentrations,
aside from AMPL that were higher when extractednfravet tissue for all
species (Fig. 2; Table S1). However, some spegiesiic differences were
observed. FoL. sebae, the tissue state only affected lipid classese@sfly
the minor ones such as DAG (0.8+0.6 and 2.0+1.3nggin dry and wet
tissues, respectively; p<0.001) and ST (1.620.3266¢0.3 pug.mg; p<0.01,
in dry and wet tissues, respectively). lredulis, dry tissue was associated
with higher TAG (20.446.3 and 9.6x7.7 pgtnin dry and wet tissues,
respectively; p<0.001) and ST contents (4.9+1.3 &e1.1 ug.mg in dry
and wet tissues, respectively; p<0.01), but had imtuence on FA
concentrations (quantitative) (Table 1). Forwulgaris, no impact of the
tissue state was observed, excepted for DAG (042afid 2.6+2.2 pg.migin
dry and wet tissues, respectively; p<0.001). Poversicolor, while most
lipid classes and FA concentrations were affecteg tlssue state
(MANOVASs, Table 1) post-hoc tests detected no défee between dry and
wet tissues (DAG: p=0.13; ST: p=0.08; PL: p=0.22;CT p=0.28). For
S pilchardus, no effect of tissue state was detected, with ekeeption of
some MUFA concentrations being higher in wet tissseich as cetoleic acid
22:1n-11 (1.840.6 and 3.2+1.5 ug.min dry and wet tissues, respectively;
p<0.01). The tissue state had no impact on FA aunaions and lipid
classes off. thynnus and only affected ST i aurata (2.2+0.4 and 2.9+0.7
pg.mg*in dry and wet tissues, respectively; p<0.01).

The extraction method had a greater influence tisane state on the quantity
of extracted lipids, with higher levels obtainedttwihe Ltw methods, as
revealed by the MANOVAs F-values (data not shovimong lean species,
this tendency was particularly evident fof. edulis, with TAG ranking
8.849.6 < 15.1+4.7 < 21.2+7.3 pg.thgnd PL ranking 32.0+10.7 < 43.2+4.6
< 49.4+11.2 pg.mywith ASE, Dounce and Ltw methods, respectivelyr Fo
the three other lean species, ASE provided a godchation for PL, but
results were highly variable due to an interactidgth the tissue state

(see last paragraph below) and FA concentraticere wot affected by this
pattern, most FA being higher when extracted with lttw methods (Fig. 3).
For fat species, the extraction method influencé@rently lipid classes and
FA concentrations. For instance, the extractionhwetthad no effect on the
most important lipid clas®f S aurata (TAG: 205+49.5 pg.mg§ F=3.0,
p=0.07) but most of FA concentrations were highéthw.tw extraction
methods such as PUFA (PUFA=32.2+3.6 pugmgth ASE and Dounce
extraction methods and 38.1x4.6 pgingith Ltw methods). Only FA
concentrations fronS. pilchardus and T. thynnus were unaffected by the
extraction method, despite the higher TAG concépira obtained with the
ASE and Ltw extraction methods, respectively (Tdble

The interaction between tissue state and extraat@thod (i.e. the six
protocols) affected the lipid classes of most sgeaind the FA of. edulis,
O. wlgaris, and P. versicolor. Regarding lipid classes, PL contents were
higher by 52-57% foL. sebae, O. vulgaris, andP. versicolor using protocol-
B and TAG contents were higher by 116-138%Sqgilchardus andS. aurata
using protocol-A rather than the five other profecfable S1). Regarding
FA, protocol-A lead to the lowest concentrationstfee lean specieshereas
no difference was observed across the six protdoolthe three fat species
(Fig. 3). Regardless of species, significant amdnsf linear relationships (r2
around 0.9) between extraction protocols would [iteantorrection for lipid
classes and FA concentrations (Fig. S2). The quait FA profiles,
expressed in percent, were however similar betileesix protocols for each
species (Fig. 4a), with no effect of tissue sta@se(do-F=0.1, p=0.9),
extraction method (Pseudo-F=0.1, p=0.9) and thééraction (Pseudo-F=0.1,
p=0.9).

3.2. Reproducibility & repeatability of extractigmotocols

The reproducibility of the five tested protocolsngpared to the reference
protocol-F varied across species: it was partitulaw for L. sebae (less than
70% reproducibility for FA, except for protocol-Bhd good foiS. pilchardus
(87-120% for FA concentrations across all protoc@isble 2a). Protocol-D
provided similar results to protocol-F with mospidi contents comprised
within 90-110% of those obtained with protocol-keept forl. sebae (Table
2a). Protocol-E was also in good agreement withog-F for most species,
but led to higher lipid classes and FA guantitredeian species. For instance,
the maximal overestimation yielded by protocol-Esvabtained for 18:1n-9
from M. edulis (161% higher, with 0.9+0.2 and 0.6+0.2 ug-huiptained with
protocol-E and -F, respectively). In contrast, pcof-A was the most
dissimilar to protocol-F due to a lower amount gfid classes and FA
extracted, with an average reproducibility of 86ftin-max=44-198%) for
lipid classes and of 78% (min-max=39-155%) for Féroas all species.
Protocol-B and protocol-C also showed poor reprdillity compared to
protocol-F, with lower lipid classes and FA quaastobtained foL. sebae,
P. versicolor, S. aurata andT. thynnus (Table 2a).

Overall, the repeatability did not fall within theange of the analytical
variability (TAG: 21%; FFA: 26%; ST: 8%; DAG: 9%;MPL: 29%; PL:
10%, and FA: 8%) and was attributable to the etsagrotocols (Table 4b).
The repeatability also varied across specieshynnus showed the lowest
repeatability among the six protocols (mean CV=33%n-max=19-67%)
and S aurata and P. versicolor the best one (CV<10% in most protocols;
Table 2b). For lipid classes, the best repeatghilas obtained with protocol-
E (mean CV=18%; min-max CV=6-36%) and the lowesthwprotocol-F
(mean CV=26%; min-max CV=10-117%). For FA conceiudre, the mean
repeatability ranked protocol-B (mean CV=11%; miaxmCV=1-44%) >
protocol-D (mean CV=14%; min-max=1-45%) > protoEo{mean CV=18%,
min-max=3-42%) > protocol-F (mean CV=20%; min-ma¥=2-68%) >
protocol-A (mean CV=23%; min-max CV=2-45%) and pouml-C (mean
CV=23%; min-max CV=1-67%). However, the repeatapitif each protocol
was also variable across species. For exampleoqmeB provided an
acceptable repeatability for FA ®. edulis (mean CV=4%; min-max=1-9%)
but an unacceptable one forthynnus (mean CV=36%; min-max=24-44 %).
No general difference between lean and fat spewias noticed for
reproducibility and repeatability.



Fig 2. Distribution of lipid classes (triacylglycerolsAG), diacylglycerols (DAG), free fatty acids (FFAterols (ST), acetone mobile polar lipids (AMPhpa
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phospholipids (PL)) and the total lipid content )Lof (A) lean species (TLC < 120 pg.fdyy weight) and (B) fat species according to sistpeols for lipid
extraction (A to F, blue and red based colors fet and dry tissue, respectively see Material anthitis for details). Thick bar is the median vahaEints are

outliers of four replicates, and the box contaif%5f the data.

Table 1. Probabilities from MANOVA (F-test) or Scheirer-Rédare test (H-test; grey lines) testing the effeftdssue state (dry and wet), method (ASE,
Dounce potter and Ltw) and their interaction ondliplass (TAG: triacylglycerols, DAG: diacylglycdsp FFA: free fatty acids, ST: sterols, AMPL: ac&to

mobile polar lipids, PL: phospholipids) and toipid content (TLC) and fatty acid concentrationsASSaturated FA; MUFA=Monounsaturated FA;
PUFA=Polyunsaturated FA) determined in seven magjreeies. Codes: ns not significant, * p<0.05, €01, *** p<0.001. _ denotes FA <0.8% of total FA.

Lutjanus sebae Mytilus edulis Octopus vulgaris Panulirus versicolor Sardina pilchardus Sparus aurata (cultured) Thunnus thynnus

Tissue Tissue Tissue Tissue Tissue Tissue Tissue Tissue Tissue Tissue Tissue Tissue Tissue Tissue

state Method state x State Method ~ state x state Method state x state Method state x state Method state x state Method state x state Method state x

Method Method Method Method Method Method Method

Lipid classes
TAG ns ns ns i ok ook ns ns ns _ _ _ ns bl b ns ns ok ns il ns
DAG ok * ox ns ns ok ook ns ns ox ok ok * ook ok ns ok *x ns ok ns
FFA ok ns ns ok ns ns ns ns ns ns ok ns ns ook ns ns ns * ns il ns
ST el * ns * > ns ns ns * * ek ek ns ns ns * ns ns ns * ns
AMPL ook sk ok . ns * ok o * ok 5 ns ok ok ns * ok x ok ok ok
PL * ok ok ns ok * ns ns ok * ns ok ns ns ns ns * ns ns ok ns
Total lipid * ok ok ns bt L * ns ok ** ns ok ns ns i ns ns ek * ek ns
Fatty acids

14:.0 ns ns ns ns b ** _ _ _ _ * ns ns ns ns ns ns ns ns
15:0 _ _ _ ns ok i _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
16:0 ns ok ns ns ok * * bl ok * ok ** * ns ns ns ** ns ns ns ns
17:0 ns bl ns ns ok ns ns ok * ns il ns ns ns ns _ _ _ ns ns ns
18:0 ns ns ns ns ok ns ns * ** ns ok ek ns ns ns ns ok ns ns ns ns
16:1n-7 ns ns ns ns * * ns b bl ns b bl * ns ns ns * ns ns ns ns
18:1n-9 ns i ns ns * hid ns ek ok * ok * ns ns ns ns * ns ns ns ns
18:1n-7 ns ok ns ns ok ns ns ek ** ns ok xk ns ns ns * il ns ns ns ns
20:1n-9 _ _ _ ns ok * _ _ _ _ _ ki ns ns ns * * ns ns ns
20:1n-7 _ _ _ ns ok b ns * ns _ _ _ _ _ _ _ _ _ _ _
22:1n-11 _ _ _ _ _ _ _ _ _ _ w* ns ns * * ns * ns
24:1n-9 ns bl ns _ _ _ _ _ _ _ _ _ ns ns ns _ _ _ ns ns ns
16:4n-3 ns ok ns ns ok ns _ _ _ _ _ _ * ns ns _ _ _ _ _ _
18:2n-6 ns i ns ns ** hid _ _ _ * ok * ns ns ns ns * ns ns ns ns
18:3n-3 _ _ _ ns il b _ _ _ * ok ns ns ns ns ns * * ns ns ns
18:4n-3 _ _ _ _ _ _ _ _ _ * b ok i ns ns ns ns * ns x ns
20:2i _ ns il il _ _ _ _ _ _ _ _ _ _ _ _
20:2j _ _ _ ns bl * _ _ _ _ _ _ _ _ _ _ _ _ _ _
20:4n-6 ns ok i ns bl * ns ek ok * ox * ns ns ns _ _ _ _ _ _
20:4n-3 _ _ _ _ _ _ _ _ _ _ _ _ ns ns ns ns * ns ns ns ns
20:5n-3 ns ok ns ns ok * ns ek ok * bl * ns ns ns ns il ns ns ns ns
22:3nmi _ _ _ ns il * _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
22:4n-6 ns bl ns _ _ _ ns bl bl ** bl bl _ _ _ ns ok ns ns ns ns
22:5n-6 ns bl ns _ _ _ ns bl bl * ok ns ns ns ns _ _ _ ns ns ns
22:5n-3 ns * ns ns ok * * bl ok * ok ok ns ns ns ns ** ns ns ns ns
22:6n-3 ns bl ns ns ok ok ns ek ok * ok xk ns ns ns ns bl ns ns ns ns
18:.0DMA _ _ _ ns ok * ns ok ok ns ok * _ _ _ _ _ _ _ _ _
n-3 PUFA ns bl ns ns ok i ns ek ok * ok * ns ns ns ns il ns ns ns ns
n-6 PUFA ns gat ns ns 0 D ns b i 2 & o ns ns ns ns * ns ns ns ns
SFA ns Hx ns ns ok * ns ok ok ns ek ek * ns ns ns ** ns ns ns ns
MUFA ns * ns ns ok * ns ek ok * ok * * ns ns ns * ns ns ns ns
PUFA ns ok ns ns ok * ns b bl * ok * ns ns ns ns i ns ns ns ns
Total FA ns ok ns ns ok * ns ook ek * ok * * ns ns ns * ns ns ns ns




Fig 3. Distribution of four specific fatty acidS{earic acic18:0; Oleic acid 18:1n-9; Eicosapentaenoic acid¥EF0:5n3; Docosahexaenoic (DHA) 22:-3)
and FA familiefSFA=Saturated FA; MUFA=Monounsaturated IPUFA=Polyunsaturated FAY (A) lean species and (B) fat species accordingjx
protocols (A to Fblue and red based colors for wet and dry tisespactively see Material and Methods for details). Thick bahesmedian value, points &
outliers d four replicates, and the box contains 50% ofdht. Letters indicaisignificant difference among methods at p<Qi0a a=different fronprotocol A,

b=different from protocol B...).
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3.3. Influence of dry storage

The storage of dry tissue had contrasted effettsarine lipidcompounds
and among species (Table 8ne month of freezer storaged no effect on
lipid classes, aside from ST . wlgaris andP. versicolor. The two other
storage modes led to lower values of lipid classspecially forM. edulis.
For instance, the TAG content bF. edulis was25.4+8.1 pg.m* (reference)
and decreased to 2.0+0.4 and 2.30.7 ud.after onemonthstorage in dry
room and with nitrogen, respectively (Fig. 5&)o decrease in lipid cls
concentrations was however observed after one-nmstathgein dry room or
after nitrogen flushing fof. thynnus (Fig. 5b).

After three months, a specispecific decrease in lipid class and
concentrations was observed regardless of thegetarame T. thynnus was
the less affected species for both lipid classeb B concentrationsafter
three months of freezer storadre,versicolor wasthe most affeed for lipid
class concentrations ar@®laurata the most affected foFA concentrations.
For instance, the 18:1n-9 $ aurata ranked 23.6+2.1 (reference) > 172.1
(dry room) > 16.2+2.8 (nitrogen) > 14.0+2.2 pg:@eezer) (Fi¢ 6; Table
S2f). For the other species, after three monthg magoncentrationranked
as: reference ~ freezer > nitrogen > dry room. Saifferences betwee
reference and freezer storage were however obsemestly forO. vulgaris,
but they corresponded to minor losses: e.g. 22:8@8the most important
FA of O.vulgaris and it ranked 3.1+0.1 (reference)29+0.3 (freezer) :
2.940.4 (dry room) > 2.8+0.0 (nitrogen) (Table SZenally, although the
concentrations decreased for all fAcluding SFA, MUFA and PUF), the
FA profiles expressed in percent were the samedmetvweference anfreezer
storage (Pseudo-F=0.1, p=1.0), and between dry ruaimitrogen storage
(Pseudo-F=0.3, p=0.05) (Fig. 4b and Table &A.profiles were differen
between reference and dry room storage (Ps€wdo?, p<0.01),and
reference and nitrogen storage (Pseudo-F=3.0, p%0.0

4. DISCUSSION

Six lipid extraction protocols, includirgjfferenttissue states and extraction
methods and three storage modes of dry tis, were compared to make
recommendations for protocols lgfid analysis in marine anime For lipid
extraction, the tissue state (frozen or fredded’ did not affect the results,
but the extraction method didlinear corrections permitted to correct t
effect. For the storage of dry tissues, omanatl storage in a -20°C-freezer
was found acceptable for quantitative studigkile longer storage or other
storage modes led to lipid loss. Three-mosittrage ira -20°C-freezer gave
satisfactory results for qualitative studies of FA.

4.1. How to extract lipids from marine tissues?

Except forP. versicolor, no difference was observed between dry and
tissues while the extraction method affectbe lipid composition of all
studied marine specie®ounce (potter homogenizer) arLeave-to-work
methods provided more reproduciblkesults than the ASE oneRegarding
ASE methods, an increasetire extraction temperatuup to 120°C might be
a solutionto extract all lipids and improve the reproductyil[19]. The
highest lipid class and FA concentratiomsre obtained with thtwo “Leave-
to-work” protocols (protocol-E and~}. These two protocols had howeve
low repeatability, especially protocol-F (chosenreference protocol), which
has been detrimental to the assessmentepfoducibility. The difference
between protocols is however predictable and tipeodicibility might be
improved by applying a correction on concentratiesult. The repeatability
of the six protocols was low but of theame order of magnitude as
repeatability obtamed with other protocols on frozen fish specie3-18%)
[20]. Quadruplicatingthe samples was probably not enotto assess the
extraction variability and could explathis low repeatability. Considering tl
high variability of the method used fapid clas: quantification (mean



CV=17%), 10 replicates would have provided a betigerview of the
repeatability of each protocol. The mincing of th&ial homogenates was
ruled out as being responsible for the low repefitabecause (i) protocols C
and -D included a fine grinding and were also assed with low
repeatability, and (i) some homogenates were pbthifrom a single
individual and a single tissue type without any ioyement in repeatability
(L. sebae, O. vulgaris andP. versicolor).

Leave the solvent to work on tissue (regardlesdissue state) was the
simplest protocol to implement, requiring littlerteing and preparation (ca.
10 min per sample). In this study, tissue homogenatere minced in small
pieces (ca. 3-5 mg). Such a preparation was ratjfireprotocols —E and -F
to work properly. Several teams already used alaingirotocol after ball
grinding frozen tissues (e.g. [18]) but it involveandling liquid nitrogen with
care (-195°C) and to carefully clean equipment betwsamples to avoid
cross-contamination. A safer and faster procesaitiie protocol-E might be
sufficient to extract lipids but its repeatabilgfould be improved for some
species, especially L. sebae, M. edulis and T. thynnus.

(A) Extraction methods

A continuous agitation during the extraction antmperature increase (e.g.
ambient temperature instead of -20°C) might be ti@ak[45]. For the oyster
C. gigas, Dunstan et al. [31] increased the lipid recoveyyrehydrating dry
tissue, but this result was not confirmed [46]. WHipid analyses are cheap
such as TLC-FID, a compromise could be to use tmplest and fastest
extraction protocol (e.g. protocol-E) but to extrdipids in duplicate or
triplicate to overcome the low repeatability and ttssue heterogeneity. Such
an approach is already used for some contaminalysas when precision
and accuracy tolerances are difficult to achievg. (free replicates of each
sample tissue were analyzed for a precise quaatidic of polycyclic
aromatic hydrocarbon and total mercury in fish 487).

Finally, the “Bligh and Dyer” extraction method [4®nainly consisting in a
reduction of the solvent to sample ratio from thelck method, would
probably not be affected by the tissue state eithiewever, this method
might have a reduced extraction efficiency fordat tissues, as observed on
wet tissues [50].
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Table 2a. Percentage of reproducibility for the lipid extiaatprotocols A to E compared to protocol-F (usedederence) estimated from the results of lipassl(TAG: triacylglycerols, ST: sterols, PL: phagitids) and total
lipid content (TLC) and fatty acid concentratio®$-A=Saturated FA; MUFA=Monounsaturated FA; PUFAsRabkaturated FA). Green intensity denotes accdityal®i0-110%).

A-ASE_wet B-ASE_dry C-Dounce_wet D-Dounce_dry E-Ltw_wet
- (%] — [%] — (%] — [%] P (%]
. 2 8 % g . ¢ 3 2 g . 2 3 % g . 2 8§ E g ., 2 8 % g
: £8 ¢ £ 8 E & £ 58 5 £ 8 E £ 85 £EE & £E8 ¢ £EE %S E:OEEE
¢ = 2 ¢ 3 3 £ ¢ 8% 2 ¢ 3 g £ § © 2 ¢ 3 s £ § ® 2 ¢ & 3 £ § ¥ 3 ¢ 3 F £
i S 0 o 4 ¢ ¥ i S O o & _&_F i S 0 a & & & i S 0 o b & ¥ i S 0 a & & &
(A) Reproducibility of protocol F (%)
Lipid class
TAG __ _ _ 198 136 88 _ 69 _ _ 105 79 51 _ a1 _ 147. 54 27 72 _ 121 64 _ 67 _ _ 59 84 143
ST 88 44 59 46 89 122 66 75 76 75 81 92 79 90 [106 72 78 87 92 9| 79 8 53 73 90 75 115 82 71 82 107 145 112
PL 88 52 65 74 94 92 52 203 89 163 187 91 89 79 107 89 | 106| 129 73 8 70 87 79 78 141 118 111 124 117 | 107
TLC 48 57 89 59 147 122 81 119 90 143 150 91 75 53 60 | 97 138 [103] 114 93 57 85 85 112 67 145 125 155 149 88 93 138
Fatty acids
16:0 55 61 64 70 12398 87 63 88 83 89 77 63 66 116 104| 125 113 82 89 85 88 130 124
180 62 71 78 64 110 93 80 72 86 88 75 61 79 122 120 13598 78 84 82 85 123
18109 47 79 73 65 128 87 54 117 829 76 65 57 135 126 119 112 80 = 90 82 85 88 161 109 132
18:1n7 39 62 66 65 127 87 45 9 82 92 79 58 50 118 113 123 113 83 88 8 85 76 124101 128 110
204n6 69 56 61 67 111 92 72 8 92 90 8 90 75 66 86 124 113 127 108 83 88 86 87 145 128 113 141 109 108 80
20553 50 58 62 64 135 62 96 95 80 94 77 58 65 117 120 124 120 86 88 86 88 104 135 119 138 117
22503 49 55 56 62 128 54 91 83 79 8 78 57 63 114 117 111 84 87 84 81 | 93 140 108 139 107
22:6n3 58 56 56 62 69 85 78 89 79 64 70 119 119 [102| 84 89 88 88 121 154 109 140 106 106 87
n3 57 58 59 64 114 67 87 79 90 78 62 68 119 108 121 110 84 89 87 88 120 145 111 139 110 91
n6 61 58 61 66 113 72 88 84 87 77 63 76 123 110 126 110 83 88 85 89 129 146 114 140 108 87
SFA 55 63 71 68 127 63 92 85 89 77 60 67 117 112 132 114 81 86 85 85 |96 122. 121 112
MUFA 42 62 65 64 155 50 88 82 8 77 59 54 118 110 119 130 81 85 83 82 82 129 131 118 109
PUFA 58 58 60 65 114 68 88 8L 90 77 62 70 119 109 123 110 84 89 86 88 122 146 113 140 110 20
TotalFA 53 60 63 66 128 62 9 82 89 77 61 65 119 111 123 116 82 87 85 85 [104] 137 109 133 112

| Legend <80 90 . 110 >120|

Table 2b. Percentage of repeatability for the six lipid egtian protocols (A to F) corresponding to the cimééht of variation (CV) lipid class (TAG: triacyligcerols, ST: sterols, PL: phospholipids) and téiadl content (TLC)
and fatty acid concentrations (SFA=Saturated FA;lBMonounsaturated FA; PUFA=Polyunsaturated FAnested from four replicates of each marine specsen intensity indicates different levels of Gé€ legend).
Values in bold did not fall within the range of &ial variability (TAG: 21%, ST: 8%, PL: 10%, inddual FA: 8%). Note the analytical variabilityas not assessed for TLC and FA families.

A-ASE_wet B-ASE_dry C-Dounce_wet D-Dounce_dry E-Ltw_wet F-Ltw_dry
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(B) Repeatability (%)
Lipid class
TAG 31 47 117 52 19 26 51
ST 27 35 17 20 16 24
PL 26 21 20 20 24 21 18 22 20 23
TLC 17 19 23 12| 41 31 27 18 24 45
Fatty acids
16:0 16 32
18:0 la3 | 27
18:1n9 19 39
: 35
19
35
39
30
32
24
32
37
31

Total FA

| Legend -11-1516-20 >20|




Table 3. Probabilities from MANOVA (F-test) or Scheirer-Rédare test (Hest; grey lines) testing the effs storage duration after freeze-drying {timont t-amontnd @ndstorage mode (freez nitrogen, dry room) and their
interaction on lipid class concentrations (TA@acylglycerols, DAG: diacylglycerols, FFA: freatfy acids, ST: sterols, AMPL: acetone mobile pbfads, PL: phospholiids) and total lipid content (TLC determined in seven
marine species. Codes: ns not significant, * p<0*9$<0.01, *** p<0.001.

Lutjanus sebae Mytilus edulis Octopus vulgaris Panulirus versicolor Sardina pilchardus Sparus aurata (cultured) Thunnus thynnus
Storage Storage Storage Storage Storage Storage Storage
Storage Duration  mode x Storage Duration  mode x Storage Duration  mode x Storage Duration  mode x Storage Duration  mode x Storage Duration  mode x Storage Duration  mode x
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Lipid class concentration
TAG o o o o o sk S S 5 B B B ok - ns ns o ns ok N ns
DAG ns ns ns ok ns ns ns * ns ok bl ns ok * ns ok ns il ok ns ns
EFA * ns * ook ns ns * * * ook ns ns ook ok ns ok ok o . ok ns
ST - ns ok o ns ok ok ok ok ok - - ok ns ns ok ns - ns ns
AMPL ns * ns - - * " - ns * - ns ns - ns ik - ns - ok ns
PL *x ook ook o ok ns * o ns . . ok ns ok ook ook ook ns ns o *
Total lipid fad ns b iad fiad ns ns il ok ok ok bl ok il ns * ** ns sl > ns
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4.2. How to store dry tissues?

No loss after one-month storage in -20°C-freezexs viound for the
different lipid classes. The other storage modeg f@om and nitrogen) were
ineffective to prevent lipid class degradation.eifa three-month storage, FA
were more resistant to degradation than lipid elsass lean species such as

to a lower but reproducible lipid content for mepecies (ca. 90%
reproducibility) while extractions with ASE wouldguire more protocol
adjustments. Increasing the number of replicateghtfielp to improve the
repeatability of each protocol. Differences amdmggix protocols were
however predictable, allowing to correct conceidratesults for comparisons
among studies using different extraction protocOise-month storage in
freezer might be acceptable for dry tissue (noifiggmt decrease in lipid

L. sebae and P. versicolor, as little degradation was observed on their dry quantities) whereas storage into a dry room or gih nitrogen did not

tissue in freezer. The freezer storage of dry éssas however ineffective for
the culturedS. aurata, probably because of its high lipid and FA congent
sensitive to oxidation (> 200 pg.rhgw). Sensitivity to oxidation varied with
FA in this species, e.g. 22:6n-3 losses were Idvan for 18:1n-9 (the main

FA with 24 ug.mg dw). As for lipid classes, storage modes othen tha

freezer were not efficient to prevent FA oxidation.

Although they did not contain water, dry tissuesengetter preserved at low
temperature (except for FA froms aurata). Considering the two main
pathways of lipid oxidation (i.e. enzyme initiated reaction with oxygen
[51]), this result suggested that lipase enzymaghmiemain active without
water, or that lipid reaction with oxygen was slawown at low temperature
(through reduction of molecular excitation).

Lipid degradation also occurred before storage:yRetdal. [22] found FA
degradation for fat species holding on ice befor@zdén storage.
Consequently, a careful attention should be gieetissue conservation from
sampling to storage, especially for fat tissues bbst practices remained to
collect samples on fresh individuals and to quickbol them (ideally in
liquid nitrogen) before a deep-frozen storage (€(J22]. The removal of the
outermost edge of sample before lipid extractiorghhialso reduce the
oxidation due to oxygen contact. When samples datweokept frozen,
because of transport for example, they might bezkearied. If they are
transported at ambient temperature, dry samplesldhme immersed into
solvent directly on arrival: the total duration Wween the freeze-drying end
and the solvent immersion should not exceed foys @& +20°C [24]. If dry
tissues can be transported at -20°C (e.g. few hwithsice packs inside an
insulated box before being stored again in freezlee) total duration between
the freeze-drying and the immersion should not edtame month. FA profile
express in percentage (qualitative) did not diffefore/after the freezer
storage of dry tissue, except for culturScaurata (Fig. 4b), suggesting a
short-term storage (< three months) of dry tisssiesuitable for trophic
ecology or qualitative studies of FA in specieshwipid content below 20%
dw. FA profiles can be compared between wet frdicmues and three-month
dry frozen tissues.

4.3. Checking for lipid oxidation

DAG and FFA are commonly used as a degradatiokenéor lipid classes
[52,14]. Here, except for FFA di. edulis, the DAG and FFA contents did
not increase during storage when TAG or PL contdatseased. Meyer et al.
[24] obtained similar result on shark lean tissuéss suggests that TAG and
PL oxidation did not only lead to DAG or FFA format but to other
compounds undetected here (e.g. malondialdehyde), RAG and FFA
oxidation markers might not be relevant for all marspecies.

FA quantities tended to decrease after three-mstoitage in poor conditions
(with gas nitrogen and in dry room) including thEASwhich are little
subjected to oxidation in comparison to PUFA [5SFA loss was also
observed in poor condition storage of frozen fisf@%24]. However, for
species with total FA content > 20 pg:fat species anM. edulis in our
study), PUFA were oxidized faster than SFA in pstorage conditions of dry
tissues. Consequently, the FA ratio 22:6n-3/161llccbe used to assess the
extent of FA degradation from a reference poinswggested by Young et al.
[17] on swordfish preys. For instance, in our stu@3.6n-3/16:0 ratios lower
than 1.0+0.1, 1.4+0.1, 0.8+0.1 and 1.5+0.1 indidalipid oxidation for
M. edulis, S pilchardus, culturedS. aurata andT. thynnus, respectively.

Conclusions

Lipid compositions were not affected by freeze-dgybut the extraction
method did influence the results for lipid clasSése highest quantity of
lipids extracted was obtained from the homogenatteget tissues left into
solvent mixture for 24 hours. Extractions with mahpiotter homogenizer led

prevent lipid degradation. For qualitative stud&§A (in %), a three-month
storage in the freezer did not alter the FA prdfilespecies with total lipid
<20% dw. The fast oxidation of some FA however negicaution for longer
storage durations.
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Fig S1. Principal component analyses (PCA) of lipid clpescentage (root square transformed) for sevemmagecies (A) according to
six lipid extraction protocols (A to F) and (B) #er storage modes of dry tissues for one and thoeg¢hs:
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Table S1. Lipid classes (TAG: triacylglycerols, DAG: diagycerols, FFA: free fatty acids, ST: sterols, AMRIcetone mobile polar lipids,
PL: phospholipids), total lipid content (TLC), afadty acids (FA) composition (in pg.mglry weight; mean + 1 SD of four replicates) of

seven marine species according to six lipid extaagnethods (A to F; see Material and methods &taits). Only FA >0.8% of total FA are
given. ‘Wet' referred to frozen wet tissue and ‘dryfreeze-dried tissue. SFA=Saturated FA; MUFA=Mansaturated FA;

PUFA=Polyunsaturated FA.

(a) Lutjanus sebae

A-ASE_wet B-ASE_dry C-Dounce_wet  D-Dounce_dry E-Ltw_wet F-Ltw_dry
(a) Lutjanus sebae
TAG 0.4+ 0.7 15+ 0.7 11+ 21 3.1+ 28 24+ 0.7 12.9 + 16.2
FFA 0.7+ 1.4 14+ 0.1 0.0+ 0.0 20+ 0.2 4.4+ 0.3 16+ 0.3
ST 1.7+ 0.2 14+ 0.2 20+ 04 15+ 04 22+ 01 19+ 0.1
DAG 1.1+ 05 0.7+ 0.2 20+ 0.8 1.4+ 05 31+ 13 0.3+ 04
AMPL 174+ 1.3 57+ 0.5 253+ 4.4 95+ 05 248+ 2.9 6.9+ 1.6
PL 156+ 2.4 359+ 1.7 19.0+ 25 155+ 1.3 25.0+ 1.3 17.7 + 1.0
TLC 36.9+ 4.3 46.6 + 1.1 49.3+ 9.1 33.0+ 5.1 61.9 + 4.3 415+ 18.1
14:0 0.1+ 0.0 0.1+ 0.0 0.1+ 01 0.1+ 0.1 0.1+ 0.1 0.3+ 0.3
16:0 1.8+ 0.3 21+ 02 22+ 10 21+ 04 32+ 12 33+ 16
17:0 0.1+ 0.0 0.1+ 0.0 0.1+ 01 0.1+ 0.0 0.2+ 0.1 0.3+ 0.1
18:0 0.8+ 0.1 0.9+ 0.0 1.0+ 0.3 1.0+ 0.2 14+ 05 1.3+ 0.7
16:1n-7 0.2+ 0.1 0.3+ 0.1 0.3+ 0.3 0.3+ 0.1 0.4+ 0.2 0.8+ 0.7
18:1n-9 09+ 02 1.0+ 0.1 1.1+ 05 1.0+ 0.2 1.7+ 0.6 19+ 1.1
18:1n-7 0.2+ 0.0 0.2+ 0.0 0.2+ 0.1 0.2+ 0.0 0.3+ 0.1 0.4+ 0.3
24:1n-9 0.1+ 0.0 0.1+ 0.0 0.1+ 0.0 0.2+ 0.0 0.2+ 0.1 0.1+ 0.1
16:4n-3 0.2+ 0.0 0.2+ 0.0 0.2+ 0.0 0.2+ 0.1 0.6 £ 0.2 0.3+ 0.0
18:2n-6 0.1+ 0.0 0.1+ 0.0 0.1+ 0.0 0.1+ 0.0 0.2+ 0.1 0.2+ 0.1
20:4n-6 0.5+ 0.0 0.6 + 0.0 0.6+ 0.1 05+ 0.1 1.1+ 04 0.7+ 0.2
20:5n-3 0.3+ 0.0 0.3+ 0.0 0.4+ 0.1 0.3+ 0.1 0.6 + 0.2 0.5+ 0.3
22:4n-6 0.1+ 0.0 0.1+ 0.0 0.1+ 0.0 0.1+ 0.0 0.3+ 0.1 0.2+ 0.1
22:5n-6 0.3+ 0.0 0.3+ 0.0 0.4+ 0.1 0.3+ 0.1 0.6 + 0.2 0.5+ 0.1
22:5n-3 0.2+ 0.0 0.2+ 0.0 0.2+ 0.1 0.2+ 0.1 0.3+ 0.1 0.3+ 0.2
22:6n-3 2.7+ 0.3 3.2+ 01 3.3+ 0.7 2.8+ 0.8 5.7+ 2.0 47+ 1.4
n-3 34+ 04 40+ 0.1 41+ 1.0 35+ 0.9 73+ 26 6.1+ 2.0
n-6 1.0+ 0.1 1.2+ 0.0 1.3+ 0.3 1.0+ 0.2 21+ 0.7 16+ 05
SFA 28+ 0.5 3.3+ 0.2 35+ 14 3.4+ 0.6 50+ 1.9 52+ 2.7
MUFA 14+ 03 1.7+ 0.2 19+ 1.0 1.7+ 04 28+ 1.1 34+ 22
PUFA 4.4 + 0.5 52+ 0.2 54+ 1.3 45+ 1.1 94+ 33 7.7+ 25
Total FA 89+ 1.3 105+ 0.6 11.0 + 3.9 9.9+ 1.6 175+ 6.4 16.8+ 7.8
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(b) Mytilus edulis

A-ASE_wet B-ASE_dry C-Dounce_wet D-Dounce_dry E-Ltw_wet F-Ltw_dry
(b) Mytilus edulis
TAG 52+ 17 176 + 3.4 11.5+ 2.9 18.2 + 4.2 16.9 + 3.3 254+ 8.1
FFA 0.0 £ 0.0 27+ 05 0.0 £ 0.0 24+ 05 0.0+ 0.0 0.2+ 04
ST 25+ 0.8 43+ 0.3 4.0+ 05 49+ 04 4.6 + 0.7 56+ 2.1
DAG 14+ 11 1.5+ 0.3 24+ 25 1.8+ 0.3 24+ 04 09+ 05
AMPL 205+ 5.7 9.1+ 17 235+ 7.4 11.2+ 11 285+ 44 70+ 26
PL 234+ 7.9 405+ 3.3 40.4 + 3.8 46.0 + 3.8 53.4 + 8.0 45.4 + 137
TLC 53.0 + 13.4 75.8+ 3.5 81.8+ 11.1 845+ 6.1 106.4 + 14.4 84.6 + 225
14:0 0.5+ 0.2 0.8+ 0.0 0.8+ 0.1 09+ 0.1 11+ 0.2 0.8+ 0.2
15:0 0.2+ 0.1 0.3+ 0.0 0.4+ 0.0 0.3+ 0.0 05+ 0.1 0.3+ 0.1
16:0 46+ 18 75+ 0.1 8.7+ 0.6 79+ 0.6 9.7+ 1.9 75+ 20
17:0 0.6 £ 0.3 0.9+ 0.0 1.1+ 0.1 1.0+ 0.0 10+ 0.2 09+ 02
18:0 16+ 0.6 22+ 01 27+ 02 24+ 01 21+ 0.3 22+ 0.6
16:1n-7 1.1+ 05 18+ 0.2 20+ 0.3 1.8+ 0.2 21+ 02 18+ 0.5
18:1n-9 0.4+ 0.1 0.7+ 0.1 0.8+ 0.1 0.6 £ 0.1 09+ 0.2 0.6 + 0.2
18:1n-7 0.6+ 0.3 1.0+ 0.0 12+ 0.1 1.0+ 0.1 12+ 0.2 10+ 0.2
20:1n-9 0.4+ 0.2 0.6 £ 0.0 0.8+ 0.0 0.7 £ 0.0 09+ 01 0.7+ 0.2
20:1n-7 0.6 £ 0.3 10+ 0.1 12+ 0.1 1.1+ 0.0 14+ 0.2 10+ 0.3
16:4n-3 0.2+ 0.1 0.3+ 0.0 0.4+ 0.0 0.3+ 0.0 0.3+ 0.1 0.3+ 0.1
18:2n-6 0.4+ 0.2 0.7+ 0.0 0.8+ 0.1 0.7+ 0.1 10+ 0.2 0.7+ 0.2
18:3n-3 0.3+ 0.1 0.5+ 0.0 0.6+ 0.1 05+ 0.1 0.8+ 0.2 0.5+ 0.2
20:2i 0.6 £ 0.2 09+ 0.1 1.2+ 0.1 1.0+ 0.1 14+ 0.3 1.0+ 0.3
20:2j 0.2+ 0.1 0.2+ 0.0 03+ 0.1 0.3+ 0.0 04+ 01 0.3+ 0.1
20:4n-6 0.6 £ 0.3 0.9+ 0.0 1.3+ 0.1 1.0+ 0.0 13+ 0.2 1.0+ 0.3
20:5n-3 41+ 18 6.7+ 0.1 82+ 0.7 7.2+ 05 9.4+ 14 7.0+ 1.7
22:3nmi 0.2+ 0.1 0.3+ 0.0 0.4 + 0.0 0.3+ 0.0 04+ 01 0.3+ 0.1
22:5n-3 0.3+ 0.1 0.5+ 0.0 0.6+ 0.1 0.5+ 0.0 0.7+ 0.1 05+ 0.1
22:6n-3 44+ 18 7.6+ 0.6 9.4+ 0.7 85+ 0.6 121+ 24 79+ 22
18:0DMA 14+ 0.6 21+ 01 3.1+ 04 25+ 0.1 3.8+ 0.6 25+ 0.7
n-3 9.4+ 40 15.7 + 0.7 194+ 15 17.2+ 1.2 23.7+ 43 16.3 + 4.2
n-6 1.3+ 0.6 22+ 01 28+ 0.2 24+ 01 3.3+ 0.6 23+ 07
SFA 7.3+ 29 11.3+ 0.2 134+ 0.8 12.1+ 0.7 140+ 25 115+ 29
MUFA 31+ 13 5.0+ 0.3 6.0+ 0.6 53+ 04 6.6 + 0.8 51+ 1.4
PUFA 10.8 + 45 179+ 0.8 221+ 1.8 19.6 £+ 1.4 27.0+ 5.0 18.6 + 4.9
Total FA 245 + 10.2 39.5+ 0.8 48.6 + 3.6 429+ 2.6 56.0 + 9.7 40.8 + 10.8
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(C) octopuswulgaris

A-ASE_wet B-ASE_dry C-Dounce_wet D-Dounce_dry E-Ltw_wet F-Ltw_dry
(c) Octopus vulgaris
TAG 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0
FFA 0.0+ 0.0 0.3+ 0.6 0.0+ 0.0 0.0+ 0.0 0.0 £ 0.0 0.0 + 0.0
ST 35+ 08 45+ 0.2 47+ 1.0 3.2+ 1.6 43+ 0.3 6.0+ 0.1
DAG 19+ 11 0.0+ 0.0 1.0+ 0.8 0.3+ 0.5 52+ 14 0.3+ 0.5
AMPL 146 + 0.8 73+ 35 236+ 3.1 9.8+ 1.2 26.2 + 5.7 7.0+ 0.9
PL 21.8+ 4.3 55.1 + 14.9 358+ 5.1 26.6 + 6.7 373+ 2.2 33.8+ 3.0
TLC 419+ 53 67.2+ 12.1 65.1+ 6.8 39.8+ 6.6 73.0+ 8.4 472+ 2.7
16:0 1.7+ 0.2 23+ 01 28+ 0.1 24+ 02 26+ 04 2.7+ 01
17:0 0.2+ 0.0 0.3+ 0.0 0.4+ 0.0 0.3+ 0.0 0.3+ 0.0 0.3+ 0.0
18:0 16+ 04 20+ 01 25+ 0.1 21+ 01 22+ 0.3 21+ 01
16:1n-7 0.0+ 0.0 0.0+ 0.0 0.1+ 0.0 0.0+ 0.0 0.1+ 0.0 0.1+ 0.0
18:1n-9 0.2+ 0.0 0.3+ 0.0 0.4+ 0.0 0.3+ 0.0 0.3+ 0.0 0.3+ 0.0
18:1n-7 0.2+ 0.0 0.3+ 0.0 0.3+ 0.0 0.3+ 0.0 0.3+ 0.0 0.3+ 0.0
20:1n-7 0.1+ 0.0 0.2+ 0.0 0.3+ 0.0 0.2+ 0.0 0.2+ 0.0 0.2+ 0.0
20:2n-6 0.1+ 0.0 0.1+ 0.0 0.2+ 0.0 0.1+ 0.0 0.2+ 0.0 0.2+ 0.0
20:4n-6 1.7+ 0.2 25+ 0.1 3.1+ 0.3 25+ 0.1 3.1+ 0.3 2.7+ 0.1
20:5n-3 0.7+ 0.1 1.0+ 0.0 1.3+ 0.1 1.0+ 0.1 1.2+ 0.1 1.0+ 0.0
22:4n-6 0.2+ 0.0 0.3+ 0.0 0.3+ 0.0 0.3+ 0.0 0.5+ 0.1 0.3+ 0.0
22:5n-6 0.1+ 0.0 0.2+ 0.0 0.3+ 0.0 0.2+ 0.0 0.3+ 0.0 0.2+ 0.0
22:5n-3 0.1+ 0.0 0.2+ 0.0 0.2+ 0.0 0.2+ 0.0 0.3+ 0.0 0.2+ 0.0
22:6n-3 1.8+ 0.2 27+ 01 3.3+ 0.3 28+ 0.1 3.4+ 0.3 31+ 01
18:0DMA 0.4+ 02 0.8+ 0.1 1.0+ 0.2 0.8+ 0.1 1.1+ 0.2 0.8+ 0.1
n-3 26+ 0.3 39+ 0.1 49+ 05 4.1+ 0.2 5.0+ 0.5 45+ 0.2
n-6 21+ 0.2 3.1+ 01 39+ 04 3.3+ 0.2 40+ 0.4 35+ 0.1
SFA 3.6+ 0.7 4.7 + 0.2 5.7+ 0.2 49 + 0.3 51+ 0.7 51+ 0.1
MUFA 0.7+ 0.1 09+ 0.1 1.2+ 0.1 0.9+ 0.0 1.0+ 0.1 1.0+ 0.1
PUFA 4.8+ 05 7.0+ 0.2 8.8+ 0.8 7.3+ 04 9.0+ 0.9 8.0+ 0.3
Total FA 9.7+ 11 13.8+ 0.5 17.0+ 1.3 143+ 0.8 16.7 + 1.9 154 + 0.4
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(d) Panulirusversicolor

A-ASE_wet B-ASE_dry C-Dounce_wet  D-Dounce_dry E-Ltw_wet F-Ltw_dry
(d) Panulirus versicolor
TAG 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0
FFA 0.0+ 0.0 09+ 0.1 0.0+ 0.0 0.3+ 0.6 42+ 0.1 1.3+ 0.1
ST 24+ 0.6 4.2+ 0.6 45+ 0.3 3.8+ 0.1 42+ 0.2 51+ 0.2
DAG 1.3+ 05 0.5+ 0.3 19+ 05 0.3+ 0.3 0.0 £ 0.0 0.7+ 0.2
AMPL 150+ 1.7 45+ 0.1 26.1+ 4.4 7.3+ 0.1 243+ 1.1 6.8+ 0.6
PL 222+ 7.0 55.9 + 11.3 38.6 + 3.6 30.5+ 2.0 37.0+ 2.2 29.8+ 1.0
TLC 40.8 + 8.9 66.2 + 11.8 71.1+ 55 42.3+ 2.8 70.3+ 25 444 + 0.7
16:0 1.0+ 0.3 12+ 0.1 1.8+ 0.2 1.5+ 0.0 1.8+ 0.1 14+ 0.1
17:0 0.2+ 0.1 0.2+ 0.0 04+ 01 0.4+ 0.1 0.3+ 0.1 0.3+ 0.0
18:0 1.1+ 0.3 15+ 0.1 23+ 0.3 1.8+ 0.0 21+ 01 1.7+ 0.0
20:0 0.1+ 0.0 0.1+ 0.0 0.1+ 0.0 0.1+ 0.0 0.1+ 0.0 0.1+ 0.0
16:1n-7 0.2+ 01 0.3+ 0.0 0.4+ 0.0 0.4+ 0.0 0.5+ 0.0 0.4 + 0.0
18:1n-9 0.7+ 0.2 0.9+ 0.0 1.3+ 0.0 1.1+ 0.0 14+ 0.1 1.1+ 0.0
18:1n-7 0.2+ 0.0 0.2+ 0.0 0.3+ 0.0 0.2+ 0.0 0.3+ 0.0 0.2+ 0.0
16:2n-4 0.1+ 0.0 0.1+ 0.0 0.1+ 01 0.2+ 0.1 0.2+ 0.0 0.1+ 0.0
18:2n-6 0.2+ 0.1 0.2+ 0.0 0.4+ 0.0 0.3+ 0.0 0.4 + 0.0 0.3+ 0.0
20:2n-6 0.1+ 0.0 0.1+ 0.0 0.2+ 0.0 0.1+ 0.0 0.2+ 0.0 0.1+ 0.0
20:4n-6 14+ 04 1.8+ 0.1 2.7+ 0.2 23+ 01 3.0+ 0.2 21+ 01
20:5n-3 12+ 04 15+ 0.1 24+ 0.2 20+ 0.1 2.7+ 01 19+ 0.0
22:4n-6 0.1+ 0.0 0.1+ 0.0 0.1+ 0.0 0.1+ 0.0 0.2+ 0.0 0.1+ 0.0
22:5n-6 0.1+ 0.0 0.1+ 0.0 0.2+ 0.0 0.1+ 0.0 0.2+ 0.0 0.1+ 0.0
22:5n-3 0.1+ 0.0 0.2+ 0.0 0.2+ 0.0 0.2+ 0.0 0.3+ 0.0 0.2+ 0.0
22:6n-3 0.7+ 0.2 0.9+ 0.0 14+ 0.1 1.2+ 0.0 16+ 0.1 1.1+ 0.0
18:0DMA 0.4+ 0.1 0.5+ 0.0 0.6+ 0.3 0.5+ 0.2 0.9+ 0.0 0.6 £+ 0.0
n-3 22+ 0.7 27+ 01 42+ 0.3 35+ 0.1 4.8+ 0.2 34+ 01
n-6 1.9+ 0.6 24+ 0.1 35+ 0.2 3.0+ 0.1 3.9+ 0.2 28+ 0.1
SFA 24+ 0.6 3.0+ 0.1 4.6+ 0.6 3.7+ 0.2 4.3+ 0.2 35+ 0.1
MUFA 1.3+ 04 16+ 0.1 23+ 0.1 20+ 0.1 26+ 0.2 20+ 0.1
PUFA 41+ 1.2 51+ 0.2 7.7+ 0.6 6.5+ 0.2 8.7+ 04 6.2+ 0.1
Total FA 85+ 24 10.6 + 0.4 159+ 0.6 13.4+ 0.3 17.2 + 0.8 12.9 + 0.3
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(€) sardina pilchardus

A-ASE_wet B-ASE_dry C-Dounce_wet  D-Dounce_dry E-Ltw_wet F-Ltw_dry
(e) Sardina pilchardus
TAG 147.8 + 37.4 782+ 21.1 109.6 + 64.3 78.2+ 8.8 43.7 + 16.0 74.6 + 11.3
FFA 4.0+ 0.3 3.8+ 0.7 50+ 1.4 51+ 0.5 6.5+ 0.3 6.3+ 1.2
ST 22+ 05 23+ 03 23+ 0.3 23+ 0.2 2.7+ 0.2 25+ 0.2
DAG 24+ 0.6 0.6+ 0.4 18+ 14 3.4+ 0.3 48+ 1.9 25+ 0.8
AMPL 195+ 4.1 12.3+ 3.7 179 + 4.0 16.5+ 1.6 327+ 24 200+ 2.8
PL 342+ 6.4 332+ 1.3 265+ 2.9 36.9+ 7.0 350+ 5.5 36.4+ 5.9
TLC 2104 + 41.4 130.3 + 18.2 163.0 £ 65.1 1425+ 1.6 126.2 + 14.0 142.9 + 17.6
14:0 45+ 15 26+ 0.4 3.8+ 20 29+ 05 3.4+ 07 28+ 0.7
16:0 146+ 34 105+ 1.0 13.3+ 5.1 11.3+ 1.0 132+ 15 11.8+ 3.1
17:0 0.8+ 0.2 05+ 0.1 0.8+ 0.4 0.6+ 0.1 0.7 £ 0.2 0.6 + 0.2
18:0 26+ 0.6 21+ 0.2 24+ 0.8 23+ 0.3 26+ 0.1 24+ 05
16:1n-7 8.2+ 28 4.8+ 1.0 6.7+ 3.1 58+ 1.5 6.3+ 0.8 5.0+ 1.0
18:1n-9 3.2+ 038 24+ 0.3 28+ 15 2.7+ 0.6 25+ 0.2 25+ 0.6
18:1n-7 2.3+ 0.6 1.7+ 0.3 20+ 0.8 19+ 04 20+ 0.1 1.8+ 0.3
20:1n-9 27+ 1.0 1.1+ 0.2 22+ 12 1.3+ 0.3 1.8+ 0.8 15+ 0.6
22:1n-11 3.8+ 14 14+ 0.3 32+ 16 1.8+ 0.6 26+ 1.3 21+ 09
24:1n-9 0.7+ 0.1 0.5+ 0.0 0.6+ 0.2 0.6 + 0.0 0.6 + 0.1 0.6 + 0.2
16:4n-3 0.6+ 0.2 04+ 01 05+ 0.2 0.4+ 0.1 05+ 0.1 04+ 0.1
18:2n-6 0.9+ 0.3 0.6+ 0.1 09+ 05 0.7+ 0.1 0.8+ 0.2 0.7+ 0.2
18:3n-3 0.7+ 0.2 04+ 01 0.6+ 0.4 0.4+ 0.0 0.5% 0.2 0.5+ 0.2
18:4n-3 1.3+ 04 0.8+ 0.1 1.2+ 0.8 0.8+ 0.1 1.0+ 0.3 0.9+ 0.3
20:4n-6 0.7+ 0.1 0.6+ 0.1 0.7+ 0.2 0.7+ 0.1 0.7 £ 0.0 0.7+ 0.1
20:4n-3 0.6 + 0.1 0.4+ 0.1 0.6+ 0.3 05+ 0.1 0.6 + 0.1 0.5+ 0.1
20:5n-3 101 + 2.9 70+ 11 8.9+ 3.6 8.1+ 1.7 8.7+ 0.6 74+ 15
22:5n-6 0.5+ 0.1 0.4+ 0.0 05+ 0.1 0.5+ 0.0 0.5+ 0.0 0.5+ 0.1
22:5n-3 1.2+ 03 0.8+ 0.1 1.0+ 0.3 1.0+ 0.2 10+ 0.1 09+ 0.2
22:6n-3 16.6 + 2.8 148+ 1.1 16.9 + 4.6 15.4 + 1.0 175+ 0.9 16.6 + 4.2
n-3 31.0+ 6.8 246 + 2.6 29.8 + 10.3 26.7+ 2.9 299+ 1.8 272+ 6.5
n-6 24+ 05 1.8+ 0.2 23+ 1.0 21+ 0.2 23+ 0.2 21+ 05
SFA 225+ 5.6 158+ 1.7 20.2+ 84 17.2+ 1.8 199+ 24 17.7 £ 4.5
MUFA 21.1+ 6.7 12.0+ 2.0 17.7 + 8.6 142+ 2.2 16.1 + 3.2 136+ 3.4
PUFA 334+ 7.3 26.4+ 2.8 32.1+ 11.3 28.7+ 3.0 322+ 2.0 293+ 7.0
Total FA 80.3+ 20.4 56.2 + 6.8 73.0 + 29.7 62.3+ 7.2 70.8+ 7.8 629+ 155
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(f) Jparus aurata (cultured)

A-ASE_wet B-ASE_dry C-Dounce_wet D-Dounce_dry E-Ltw_wet F-Ltw_dry
(f) Sparus aurata
TAG 268.9 + 27.6 155.7 + 32.9 203.3 + 20.4 239.4 + 59.0 165.8 + 21.4 197.8 + 14.5
FFA 28+ 0.2 16+ 04 1.7+ 03 29+ 05 57+ 1.2 3.9+ 08
ST 28+ 0.8 19+ 05 24+ 05 2.3+ 0.3 3.4+ 06 23+ 02
DAG 20+ 0.2 10+ 05 04+ 04 23+ 11 3.2+ 13 40+ 2.0
AMPL 14.2 + 0.6 6.4+ 2.6 9.4+ 21 142+ 6.4 303+ 5.4 22,7+ 8.0
PL 29.1 + 3.0 282+ 25 27.0+ 25 31.8+ 6.7 372+ 1.9 31.8+ 2.9
TLC 319.9 + 30.1 1948 + 34.1 2443 + 21.6 292.8 + 61.2 246.2 + 22 .4 263.3 + 16.3
14:0 34+ 02 26+ 0.3 28+ 0.2 29+ 0.6 3.3+ 038 34+ 04
16:0 143+ 05 114+ 1.2 12.0+ 05 125+ 1.4 149+ 2.8 147+ 1.1
18:0 28+ 0.1 23+ 0.2 24+ 02 25+ 0.2 3.2+ 05 3.1+ 02
16:1n-7 53+ 0.3 40+ 05 43+ 0.3 44+ 0.8 52+ 1.1 52+ 0.6
18:1n-9 234+ 11 18.0+ 2.2 189+ 0.8 195+ 2.7 240+ 51 236 + 2.1
18:1n-7 28+ 0.1 21+ 03 22+ 01 2.3+ 0.3 29+ 0.6 27+ 02
20:1n-9 3.4+ 02 26+ 0.3 27+ 0.2 28+ 05 35+ 1.0 3.3+ 03
22:1n-11 3.3+ 02 25+ 03 25+ 0.2 2.7+ 0.6 34+ 12 3.1+ 02
18:2n-6 10.4 + 0.5 8.1+ 0.9 8.7+ 04 89+ 13 10.8 + 2.1 105+ 1.0
18:3n-3 26+ 0.1 20+ 0.2 21+ 01 22+ 04 26+ 05 26+ 0.3
18:4n-3 1.3+ 0.1 1.0+ 0.1 1.1+ 0.1 1.1+ 0.3 13+ 0.2 1.3+ 0.2
20:4n-6 0.8+ 0.0 0.6+ 0.1 0.7 £ 0.0 0.7+ 0.0 09+ 01 0.8+ 0.1
20:4n-3 1.0+ 0.0 0.8+ 0.1 0.8+ 0.0 0.8+ 0.2 10+ 0.2 1.0+ 0.1
20:5n-3 50+ 0.2 40+ 04 44+ 03 45+ 0.6 53+ 0.8 52+ 05
22:5n-3 28+ 0.1 22+ 03 24+ 01 24+ 0.3 3.0+ 05 28+ 0.2
22:6n-3 109 + 0.5 9.3+ 0.7 10.0 + 0.3 10.4 £ 0.8 125+ 1.7 11.8+ 05
n-3 239+ 1.0 194+ 1.8 21.0+ 0.8 21.7+ 25 26.1+ 4.0 250+ 1.7
n-6 12.2+ 0.5 9.6+ 1.1 10.3+ 0.4 10.6 + 1.4 128+ 2.4 124+ 1.1
SFA 211+ 0.8 16.7+ 1.8 176 + 0.8 184+ 22 219+ 43 217+ 1.7
MUFA 39.4+ 1.9 30.2+ 3.6 317+ 1.4 32.7+ 4.8 402+ 9.1 39.3+ 3.3
PUFA 36.1+ 15 29.0+ 2.9 313+ 1.2 323+ 3.9 389+ 6.4 374+ 2.8
Total FA 101.1 + 4.3 79.2 + 8.7 843+ 3.5 87.1+ 115 105.7 £ 20.8 102.7 £ 8.1
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(g) Thunnusthynnus

A-ASE_wet B-ASE_dry C-Dounce_wet D-Dounce_dry E-Ltw_wet F-Ltw_dry
(9) Thunnus thynnus
TAG 155.4 + 54.9 90.7 £+ 335 94.8 + 31.9 112.8 + 38.8 2535+ 61.1 177.1 + 67.3
FFA 25+ 0.8 18+ 1.3 23+ 04 28+ 0.7 50+ 35 3.7+ 10
ST 15+ 0.2 20+ 04 21+ 0.7 1.7+ 04 25+ 04 22+ 01
DAG 1.8+ 0.6 12+ 07 0.2+ 0.3 0.2+ 0.3 29+ 10 23+ 11
AMPL 114+ 2.1 43+ 0.6 129+ 1.8 15.0+ 3.0 240+ 3.8 16.7 + 45
PL 16.2 + 3.5 245+ 19 219+ 7.4 243+ 85 333+ 4.1 311+ 37
TLC 188.9 + 58.3 124.6 + 37.2 134.2 + 32.6 157.1 + 30.5 321.2+ 61.1 233.1 + 66.0
16:0 11.8+ 3.9 85+ 3.0 121+ 7.2 12.0 + 4.9 134+ 44 13.6 + 44
17:0 0.8+ 0.3 0.5+ 0.2 0.8+ 0.4 0.8+ 0.3 09+ 03 09+ 03
18:0 3.7+ 1.2 2.8+ 0.9 39+ 20 39+ 12 45+ 1.3 4.7+ 1.2
16:1n-7 41+ 20 23+ 12 3.7+ 24 33+ 16 49+ 19 44+ 20
18:1n-9 9.4+ 30 6.9+ 2.8 9.6 + 6.5 9.1+ 3.7 11.3 + 3.3 10.7 + 4.2
18:1n-7 22+ 09 15+ 0.6 22+ 14 21+ 09 26+ 1.0 25+ 09
20:1n-9 1.2+ 0.3 0.8+ 0.3 1.2+ 0.8 1.1+ 05 1.7+ 05 15+ 0.6
22:1n-11 1.1+ 03 0.7+ 0.3 1.1+ 0.8 1.0+ 04 19+ 09 16+ 0.9
24:1n-9 0.7+ 0.1 05+ 0.3 05+ 0.1 0.8+ 0.2 1.1+ 0.3 0.8+ 0.4
18:2n-6 09+ 03 0.6 £ 0.2 09+ 05 09+ 04 10+ 0.3 10+ 0.3
18:3n-3 0.7+ 0.2 04+ 0.2 0.7+ 05 0.6 + 0.6 0.7+ 0.3 0.7+ 0.3
18:4n-3 0.2+ 04 0.6 £ 0.2 1.0+ 0.7 1.1+ 0.7 11+ 05 11+ 04
20:4n-6 0.8+ 0.3 0.7+ 0.2 1.0+ 04 1.0+ 0.2 09+ 0.2 1.1+ 0.2
20:4n-3 0.5+ 0.2 0.3+ 0.1 05+ 0.4 0.6 £ 0.3 0.6 + 0.2 0.6 + 0.2
20:5n-3 56+ 23 3.7+ 1.4 57+ 3.3 56+ 25 6.2+ 2.2 6.4+ 22
22:5n-6 0.5+ 0.2 05+ 0.1 0.6 £ 0.3 0.6 £ 0.2 0.6 + 0.2 0.7+ 0.2
22:5n-3 1.1+ 05 0.7+ 0.3 1.1+ 0.7 1.0+ 04 1.3+ 05 1.2+ 05
22:6n-3 16.2+ 55 13.0+ 4.3 18.1 + 9.9 18.0 £+ 6.7 17.7 £+ 5.7 204 + 6.1
n-3 244+ 85 189+ 6.6 27.2 + 155 27.0+ 11.1 278+ 9.3 30.7+ 9.7
n-6 25+ 0.8 20+ 0.6 28+ 1.3 28+ 09 27+ 08 3.1+ 07
SFA 18.1 + 6.3 128+ 4.8 18.3 + 11.0 18.0+ 7.4 211+ 6.9 212+ 6.8
MUFA 19.1+ 6.6 13.0+ 55 18.7 + 12.0 179+ 75 240+ 7.3 220+ 8.2
PUFA 26.9 + 9.3 209+ 7.1 30.0 + 16.8 29.8 + 12.0 30.5+ 10.1 33.8 + 10.4
Total FA 66.4 + 22.9 48.2 + 17.9 69.2 + 41.2 68.0 + 27.9 783+ 25.0 79.6 £ 26.2
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Table S2. Fatty acid concentrations (in Lg.fhdry weight) and percentages (mean + 1 SD of feplicates) for seven marine species after
three-month storage of dry tissue in different d¢tos: -20°C-freezer, under nitrogen atmospherén adry room. Signs indicate
differences from Jconcentrations (used as reference): ns=not sigimifj * p<0.05; ** p<0.01; *** p<0.001. Only FA >8% of total FA

are given. Lines in grey indicate when non-paraimégsts were used. SFA=Saturated FA; MUFA=Monoturated FA;
PUFA=Polyunsaturated FA.

Concentration (ug.mg '1) Percentage (% of total FA)
TO (reference) Freezer Gas nitrogen Dry room TO (reference) Freezer Gas nitrogen Dry room
(a) Lutjanus sebae
Total FA 16.8 £ 7.8 148+ 78 ns 117+ 10 ns 9.3+ 19 ns _ _ _ _
14:0 0.3+ 0.3 0.2+ 03 ns 0.1+0.1 ns 0.1+ 0.0 ns 1.4+ 09 1.0+ 0.8 0.8+ 0.4 0.6 = 0.2

16:0 3.3+ 1.6 30+x19 ns 24+ 03 ns 1.9+ 04 ns 19.8+ 05 196 + 1.8 20.2+ 1.2 20.6 = 0.7
17:0 0.3+ 0.1 02+ 0.1 ns 0.1+ 0.0 ns 0.1+00 * 15+ 0.2 1.0+ 0.3 1.0+ 0.2 09+ 0.1
18:0 1.3+ 0.7 11+ 0.6 ns 1.0+ 01 ns 08+ 0.1 ns 76+ 05 73+ 02 8.3+ 0.2 8.6+ 0.4
16:1n-7 0.8 £ 0.7 05+ 0.7 ns 03+ 0.1 ns 0.2+ 0.1 ns 3.8+ 1.9 26+ 23 2.6+ 0.8 22+ 04
18:1n-9 19+ 11 15+ 1.0 ns 1.2+ 02 ns 0.9+ 02 ns 109 + 1.2 99+ 1.2 104 + 1.1 10.0 + 0.7
18:1n-7 0.4+ 0.3 0.3+ 0.3 ns 02+ 0.1 ns 0.2+ 0.0 ns 25+ 0.6 21+ 06 20+ 0.3 1.9+ 0.2
24:1n-9 0.1+ 0.1 0.0+ 0.0 * 0.0+ 0.0 * 0.0+ 0.0 * 09+ 0.7 0.2+ 01 0.4+ 0.2 0.4+ 0.3
16:4n-3 0.3+ 0.0 0.4+ 0.0 ns 04+ 0.0 ns 03+ 0.1 ns 23+ 11 31+ 11 3.6+ 0.2 3.6+ 0.2
18:2n-6 0.2+ 0.1 0.1+ 0.1 ns 0.1+ 0.0 ns 0.1+0.0 * 09+ 0.1 09+ 01 0.8+ 0.0 0.7+ 0.1
20:4n-6 0.7+ 0.2 0.7+ 0.2 ns 0.7+ 0.0 ns 05+ 0.1 ns 4.7+ 0.9 55+ 11 6.0+ 0.7 57+ 04
20:5n-3 0.5+ 0.3 05+ 0.3 ns 0.3+ 0.0 ns 03+01 * 31+ 02 32+ 01 29+ 0.2 27+ 03
22:4n-6 0.2+ 0.1 02+ 0.1 ns 0.2+ 0.0 ns 0.1+ 0.0 ns 1.3+ 0.1 15+ 0.1 14+ 01 1.2+ 0.2
22:5n-6 05+ 0.1 04+0.1 ns 04+ 0.0 ns 03+ 0.1 ns 3.0+ 0.6 3.2+ 07 3.1+ 03 3.1+ 02
22:5n-3 0.3+ 0.2 03+ 0.2 ns 0.2+ 0.0 ns 0.1+00 * 1.8+ 0.2 20+ 04 14+ 01 1.3+ 0.2
22:6n-3 4.7+ 1.4 45+ 14 ns 3.6+ 0.2 ns 29+ 0.8 ns 29.4 + 4.2 323+ 55 31.4 + 3.0 30.7+ 25
n-3 6.1 + 2.0 58+ 20 ns 46+ 0.2 ns 3.7+ 09 ns 375+ 4.6 413+ 5.8 39.7+ 35 39.3+ 23
n-6 1.6+ 05 16+ 05 ns 1.3+ 01 ns 1.0+ 0.2 ns 10.2 + 1.3 11.3+ 1.7 114+ 1.1 11.1+ 0.6
SFA 52+ 27 45+ 29 ns 36+ 05 ns 29+ 05 ns 303+ 15 28.9 + 3.0 30.3+ 2.0 30.7 £ 1.2
MUFA 3.4+ 22 26+22 ns 19+ 04 ns 15+ 0.3 ns 193+ 35 15.7 + 4.3 16.2 + 2.3 16.6 + 1.7
PUFA 7.7+ 25 74+ 25 ns 59+ 0.2 ns 47+ 11 ns 476 + 5.9 525+ 7.5 51.1+ 4.6 50.3+ 2.9

(b) Mytilus edulis
Total FA  40.8+ 10.8 329+ 12 ns 131+ 0.7 * 128 + 0.5 * _ _ _ _
14:0 0.8+ 0.2 0.7+ 0.0 ns 05+ 0.0 * 05+ 00 * 21+ 03 21+ 02 3.8+ 0.1 3.8+ 0.2

15:0 0.3+ 0.1 0.3+ 0.0 ns 0.2+ 0.0 ns 0.2+ 0.0 ns 0.8+ 0.0 0.8+ 0.0 1.6+ 00 16+ 0.1
16:0 75+ 2.0 58+ 0.3 ns 41+02 * 42+01 * 18.4 + 0.6 176 = 0.3 314+ 03 329+ 1.0
17:.0 0.9 £ 0.2 0.7+ 0.0 ns 05+ 00 * 05+ 0.0 * 22+ 0.0 20+ 0.1 3.7+ 01 4.0+ 0.1
18:0 22+ 0.6 13+x01 * 09+0.0 * 09+ 00 * 55+ 0.3 3.8+ 0.2 6.6 £ 0.2 70+ 0.1
16:1n-7 1.8+ 05 14+01 ns 0.7+ 0.1 * 0.7+ 0.0 * 4.4+ 05 43+ 05 5.6 £ 0.4 5.1+ 0.3
18:1n-9 0.6 £ 0.2 05+ 0.0 ns 02+00 * 02+00 * 1.3+ 0.2 15+ 0.1 1.8+ 0.2 1.7+ 0.1
18:1n-7 10+0.2 0.8+ 0.0 ns 04 +00 * 0.4 +00 * 25+ 0.1 23+ 0.1 29+ 0.1 29+ 0.1
20:1n-9 0.7 £ 0.2 05+ 0.0 ns 04+00 * 0.4+00 * 16+ 0.1 16+ 0.1 2.8+ 0.0 27+ 0.1
20:1n-7 1.0+ 0.3 0.8+ 0.1 ns 04+00 * 0.4 +00 * 24+ 01 24+ 01 32+ 01 3.1+ 01
16:4n-3 0.3+ 0.1 0.2+ 0.0 ns 01+0.0 * 0.1+00 * 0.7+ 0.0 0.6 + 0.0 1.1+ 00 1.2+ 0.0
18:2n-6 0.7 £ 0.2 0.6 £ 0.0 ns 0.1+00 * 0.1+0.0 * 1.6+ 0.1 1.7+ 0.0 0.8+ 0.1 0.7 £ 0.0
18:3n-3 0.5+ 0.2 04+0.0 ns 0.1+00 * 0.1+0.0 * 1.1+ 01 13+ 0.1 0.4 £ 0.0 0.4 £ 0.0
20:2i 1.0+ 0.3 0.8+ 0.1 ns 05+ 0.1 * 0.4 +00 * 25+ 0.2 25+ 0.1 35+ 0.3 3.2+ 01
20:2j 0.3+ 0.1 02+ 0.0 ns 01+00 * 0.1+00 * 0.7+ 0.1 0.7+ 0.0 0.8 £ 0.0 0.8 £ 0.0
20:4n-6 1.0+ 0.3 0.8+ 0.0 ns 02+00 * 02+ 00 * 25+ 0.2 24+ 0.1 1.4+ 00 1.3+ 0.1
20:5n-3 7.0+ 1.7 55+ 02 ns 0.7+ 0.0 * 0.7+01 * 17.2 + 0.6 16.8 + 0.5 52+ 01 52+ 09
22:3nmi 0.3+ 0.1 0.3+ 0.0 ns 01+00 * 0.1+0.0 * 0.8+ 0.1 0.8+ 0.0 0.6 £ 0.0 0.6 £ 0.1
22:5n-6 0.2+ 0.1 0.1+ 0.0 ns 00+ 0.0 * 0.0+ 0.0 * 0.5+ 0.0 0.4+ 0.0 0.2+ 0.0 0.2+ 0.0
22:6n-3 7.9+ 22 7.0+ 04 ns 09+00 * 09+01 * 19.4 + 0.5 212+ 0.9 7.1+ 0.6 6.9+ 0.7
18:0DMA 25+ 0.7 22+ 0.1 ns 12+01 * 11+£01 * 6.0+ 0.6 6.7+ 0.2 9.2+ 0.3 8.7+ 0.4
n-3 16.3 £ 4.2 13.7+ 0.6 ns 19+01 * 18+02 * 40.0 £ 0.5 41.7 £ 0.6 146 + 0.5 145+ 1.3
n-6 23+ 0.7 19+0.1 ns 04+00 * 03+00 * 55+ 0.2 58+ 0.1 3.0+ 0.1 27+ 0.2
SFA 115+ 2.9 84+ 04 ns 6.0+ 0.3 * 6.1+02 * 28.2+ 0.6 255+ 0.5 455+ 0.1 47.7 £ 1.2
MUFA 51+ 14 41+01 ns 22+ 01 * 20+ 0.1 * 125+ 0.6 124+ 0.7 16.7 = 0.5 16.1+ 0.4
PUFA 18.6 £ 4.9 156 £ 0.6 ns 23+£01 * 22+ 02 * 45.6 £ 0.4 475 £ 0.6 17.7+ 0.5 172+ 1.4
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Continued (1/2).
Concentration (ug.mg '1) Percentage (% of total FA)

TO (reference) Freezer Gas nitrogen Dry room TO (reference) Freezer Gas nitrogen Dry room

(c) Octopus vulgaris
Total FA 15.4 + 0.3 134+ 1.0 ns 129:02 * 13.7+ 19 ns _ _ _ _
16:0 27+0.1 2101 * 20+ 01 ** 22%02 * 17.3+ 0.2 155+ 0.3 156 + 0.7 16.4 + 0.6

17:0 03+ 0.1 0.2+ 0.0 ns 0.2+ 0.0 ns 02+ 01 ns 21+ 05 1.5+ 0.0 15+ 0.0 17+ 07
18:0 2101 1.6+£0.1 *= 16+ 0.0 ** 18+02 * 13.8+ 0.2 121+ 0.1 126+ 0.3 132+ 0.8
16:1n-7 0.1+ 0.0 0.0+ 0.0 ns 0.0+ 0.0 ns 0.0+ 00 ns 0.4+ 01 03+ 0.1 0.3+ 0.0 03+0.1
18:1n-9 0.3+ 0.0 0.3+ 0.0 ns 0.2+ 0.0 ns 03+ 01 ns 1.9+ 0.1 20+ 0.1 18+ 0.1 20+ 0.2
18:1n-7 0.3+ 0.0 0.2+ 00 ** 0.2+ 0.0 *** 0.2+ 00 * 1.9+ 0.0 1.8+ 0.0 1.7+ 0.0 18+ 0.1
20:1n-7 0.2+ 0.0 01+£01 * 02+00 * 0.2+ 00 ns 15+ 0.1 1107 1.4+ 00 16+ 02
20:2n-6 0.2+ 0.0 0.1+00 * 01+00 * 01+00 * 1.0+ 0.0 1.0+ 0.0 1.0+ 01 1.0+ 02
20:4n-6 27+ 0.1 24+01 * 23+00 * 24+03 * 17.8 £ 0.3 17.8 £ 0.5 18.0 + 0.3 176 £ 0.9
20:5n-3 1.0+ 0.0 10+ 0.1 ns 09+ 0.0 ns 10+ 0.1 ns 6.8+ 0.2 72+ 0.2 71+ 0.2 72+ 0.2
22:4n-6 0.3+ 0.0 0.4+ 00 ns 04+00 ns 03+ 00 ns 22+ 0.1 28+ 0.1 28+ 0.2 25+ 0.3
22:5n-6 0.2+ 0.0 0.2+ 00 * 02+ 0.0 * 0.2+ 00 * 1.5+ 0.0 15+ 01 1.5+ 0.0 14+ 01
22:5n-3 0.2+ 0.0 0.2+ 0.0 ns 0.2+ 0.0 * 02+ 00 * 1.5+ 0.0 16+ 0.1 1.5+ 0.0 15+ 01
22:6n-3 3.1+0.1 29+ 0.3 ns 28+ 0.0 ns 29+ 04 ns 204+ 0.4 21.8+ 0.8 21.7+ 0.5 215+ 1.1
18:0DMA 0.6 + 0.4 09+01 * 0.8+ 0.0 ns 0.8+ 05 ns 3925 6.8+ 0.1 6.6 £ 0.0 54+ 35
n-3 45+ 0.2 42+ 04 ns 39+ 0.0 ns 42+ 05 ns 29.2 + 0.6 311+ 0.7 30.7+ 0.4 30.7 £ 1.3
n-6 35+ 0.1 31+02 * 3.1+00 * 31+03 * 23.0+ 0.3 235+ 0.5 23.7+ 0.4 229+ 1.3
SFA 51+0.2 4.0 £ 0.3 * 3.9+ 01 ™ 43+05 * 33.5+ 0.6 296 + 0.4 30.1+ 0.6 316+ 0.8
MUFA 1.1+0.1 0800 * 0.8+ 0.0 * 09+01 * 6.9+ 0.4 6.2+ 0.3 6.0+ 0.3 6.3+ 0.5
PUFA 8.0+ 0.3 73+ 06 ns 7.0+ 0.1 ns 73+ 08 ns 522+ 0.8 54.6 + 0.3 54.4 + 0.7 53.7+ 2.1

(d) Panulirus versicolor
Total FA 12.9 + 0.3 120+ 12 ns 132+08 ns 125+ 05 ns _ _ B _
16:0 1.4+ 0.1 1.3+ 0.1 ns 1.4+ 0.1 ns 1.3+ 00 ns 11.2+ 0.3 10.4 + 0.4 10.2+ 0.5 10.1 £ 0.2

17:0 0.3+ 0.0 0.2+ 00 * 03+£00 * 02+00 * 23+ 0.0 20+ 0.1 20+ 0.1 20+ 0.0
18:0 1.7+ 0.0 14+01 * 1601 ns 15+£01 ns 13.4+ 0.2 11.8+ 0.2 120+ 0.4 123+ 0.0
20:0 0.1+ 0.0 0.1+ 0.0 ** 0.1+ 0.0 *** 0.1+ 00 * 0.8+ 0.0 0.6 + 0.0 0.6 £ 0.0 0.7 £ 0.0
16:1n-7 0.4+ 0.0 0.4+ 00 ns 0.4+ 0.0 ns 0.4+ 00 ns 3.0+ 0.0 3.0+ 0.1 29+ 0.0 29+ 0.1
18:1n-9 1.1+ 0.0 10+ 01 ns 1.1+01 ns 1.0+ 00 ns 84+ 0.1 84+ 03 82+ 0.1 82+ 0.1
18:1n-7 0.2+ 0.0 0.2+ 0.0 ns 02+ 0.0 ns 02+ 00 ns 1.9+ 0.0 18+ 01 1.8+ 0.0 1.8+ 0.0
16:2n-4 0.1+ 0.0 0.1+ 0.0 ns 02+ 0.0 ns 0.1+ 00 ns 1.0+ 0.0 1.1+ 0.0 1.1+ 0.0 1.2+ 0.0
18:2n-6 0.3+ 0.0 0.3+ 0.0 ns 0.3+ 0.0 ns 0.3+ 00 ns 24+ 0.0 23+ 0.0 23+ 0.0 23+ 0.0
20:2n-6 0.1+ 0.0 0.1+ 00 ns 0.1+ 0.0 ns 0.1+ 00 ns 1.1+ 0.0 1.1+ 00 1.0+ 0.0 1.0+ 0.0
20:4n-6 2101 20+ 0.2 ns 22+0.1 ns 21+01 ns 16.3+ 0.1 170+ 0.3 16.8+ 0.3 171+ 0.1
20:5n-3 1.9+ 0.0 1.9+ 02 ns 20+ 01 ns 19+ 01 ns 149 + 0.3 154 + 0.6 15.0+ 0.4 152+ 0.2
22:4n-6 0.1+ 0.0 0.1+00 ns 0.1+ 0.0 ns 0.1+£00 ns 0.9+ 0.0 11+01 11+£01 1.0+ 0.0
22:5n-6 0.1+ 0.0 0.1+ 00 ns 0.1+ 0.0 ns 0.1+ 00 ns 1.1+ 0.0 1.0+ 0.0 1.0+ 0.0 1.0+ 0.0
22:5n-3 0.2+ 0.0 0.2+ 0.0 ns 0.2+ 0.0 ns 02+ 00 ns 1.5+ 0.0 16+ 0.0 14+ 01 1.4+ 0.0
22:6n-3 1.1+ 00 1.2+ 02 ns 14+£01 * 12+ 01 ns 8.8+ 0.3 9.8+ 0.4 109+ 1.0 9.8 + 0.8
18:0DMA 0.6 + 0.0 0.7+ 0.1 ns 07+01 * 0.7+ 00 ns 4.8+ 0.1 55+ 0.2 56+ 0.1 59+ 0.1
n-3 3401 3404 ns 38+ 0.1 ns 35+ 02 ns 265+ 0.5 282+ 1.0 288+ 1.1 27.7+ 0.6
n-6 28+ 0.1 27+ 03 ns 29+ 02 ns 28+ 01 ns 21.7+ 0.1 225+ 0.3 222+ 03 225+ 0.1
SFA 35+ 0.1 3.0+ 03 ns 33203 ns 31+01 ns 272+ 0.4 246 + 0.7 246+ 0.9 24.8 + 0.2
MUFA 20+ 0.1 1.8+ 0.1 ns 19+02 ns 18+ 01 ns 152+ 0.2 149+ 0.6 146+ 0.5 147 £ 0.2

PUFA 6.2+ 0.1 6.1+ 0.7 ns 6.7+ 0.3 ns 6.3+ 03 ns 48.2 + 0.6 50.7 + 1.2 51.0+ 1.2 50.2 + 0.4



Continued (2/2).

(e) Sardina pilchardus

Total FA
14:0
16:0
17:0
18:0
16:1n-7
18:1n-9
18:1n-7
20:1n-9
22:1n-11
24:1n-9
16:4n-3
18:2n-6
18:3n-3
18:4n-3
20:4n-6
20:4n-3
20:5n-3
22:5n-6
22:5n-3
22:6n-3
n-3

n-6
SFA
MUFA
PUFA

Concentration (pg.mg ™)

Percentage (% of total FA)

(f) Sparus aurata

Total FA
14:0
16:0
18:0
16:1n-7
18:1n-9
18:1n-7
20:1n-9
22:1n-11
18:2n-6
18:3n-3
18:4n-3
20:4n-6
20:4n-3
20:5n-3
22:5n-3
22:6n-3
n-3

n-6
SFA
MUFA
PUFA

(9) Thunnus thynnus

Total FA
14:0
16:0
17:0
18:0
16:1n-7
18:1n-9
18:1n-7
20:1n-9
22:1n-11
24:1n-9
18:2n-6
18:3n-3
18:4n-3
20:4n-6
20:4n-3
20:5n-3
22:5n-6
22:5n-3
22:6n-3
n-3

n-6
SFA
MUFA
PUFA

TO (reference) Freezer Gas nitrogen Dry room TO (reference) Freezer Gas nitrogen Dry room
629+ 155 532+ 116 ns 369+42 ns 357+81 ns _ _ _ _
28+ 0.7 29+ 03 ns 29+ 06 ns 3.0+09 ns 45+ 0.2 56+ 0.8 7.7+ 0.8 8.2+ 0.5
11.8 + 3.1 11.5+ 0.3 ns 102+ 1.0 ns 10.3+ 25 ns 18.7 £ 0.6 223+ 5.1 277+ 0.4 28.8+ 0.8
06+ 0.2 05+ 01 ns 04+ 01 ns 04+0.2 ns 1.0+ 0.1 1.0+ 0.2 1.2+ 00 1.0+ 0.2
24+ 05 22+01 ns 18+ 0.1 ns 1.8+ 04 ns 3.9+ 02 4.4+ 14 50+ 0.4 51+ 05
50+ 1.0 51+09 ns 50+ 1.0 ns 48+ 13 ns 8.0+ 1.1 9.7+ 05 134+ 1.1 13.3+ 0.6
25+ 0.6 23+05 ns 20+ 0.2 ns 21+£05 ns 3.9+ 03 4.2+ 0.2 53+ 0.0 6.0+ 1.0
1.8+ 03 1.5+ 03 ns 15+ 02 ns 14+ 03 ns 29+ 04 29+ 01 40+ 0.1 39+ 0.2
15+ 0.6 1.8+ 0.0 ns 16+ 01 ns 16+ 05 ns 23+ 05 3.5+ 09 43+ 0.1 43+ 0.4
21+ 09 25+ 01 ns 23+ 01 ns 22+ 06 ns 3.2+ 0.8 49+ 1.0 6.2+ 0.3 6.1+ 0.6
06+ 0.2 0.2+ 03 ns 01+ 0.0 ns 0.1+00 * 09+ 0.0 0.5+ 0.7 03+ 0.1 03+ 0.1
04+ 0.1 0.3+0.2 ns 0.1+00 * 0.1+0.0 * 06+ 0.1 0.5+ 0.2 0.3+ 0.0 0.4+ 0.2
0.7+ 0.2 05+ 0.2 ns 0.3+ 0.0 ns 0.3+0.1 ns 11+ 01 1.0+ 0.3 0.9+ 0.1 0.8+ 0.1
05+ 0.2 0.3+0.2 ns 0.1+ 0.0 ns 0.1+0.0 * 08+ 0.1 0.6 £ 0.3 0.4+ 0.0 03+ 0.1
09+03 0.7+ 03 ns 03+ 01 ns 0.0+ 00 * 1.4+ 0.2 12+ 04 0.8+ 0.3 0.0+ 0.0
07+0.1 05+02 ns 02+ 00 * 0.2+ 00 * 1.1+ 0.1 09+ 03 0.5+ 0.0 05+ 0.0
05+ 0.1 04+02 ns 01+00 * 0.1+00 * 0.8+ 0.0 0.6+ 0.2 0.3+ 0.0 0.2+ 0.0
74+ 15 53+28 ns 1.7+02 * 1.3+02 * 119+ 1.2 9.5+ 3.7 45+ 0.0 3.6+ 0.7
05+ 0.1 0.3+0.1 ns 0.1+ 0.0 * 0.1+ 0.0 * 0.8+ 0.0 05+ 0.1 0.3+ 0.0 03+ 0.1
0.9+ 0.2 0.7+ 0.2 ns 0.2+ 0.0 * 0.1+ 0.0 * 15+ 0.2 1.2+ 02 0.5+ 0.0 04+ 01
16.6 + 4.2 10.7+ 5.4 ns 40+ 03 * 3.8+ 06 * 263+ 1.3 19.2 + 6.8 109 + 0.3 10.7 £ 1.7
272+ 6.5 18.4+ 9.3 ns 65+ 05 * 55+ 09 *= 433+ 0.5 329+ 118 17.7 + 0.7 157+ 2.5
21+ 05 1.6+ 06 ns 08+ 00 * 0.7+01 * 34+ 01 29+ 0.6 21+ 0.1 1.9+ 0.2
17.7 £ 45 171+ 0.6 ns 153+ 1.8 ns 155+ 39 ns 281+ 0.3 332+ 74 415+ 0.0 431+ 15
13.6 + 34 138+ 16 ns 125+ 18 ns 123* 3.1 ns 216 £ 0.6 26.4 + 3.3 33.9+ 0.9 344+ 1.0
29.3+ 7.0 20.0+£ 99 ns 73+06 * 6.2+ 10 * 46.7 £ 0.5 358+ 124 198+ 0.8 17.6 £ 2.7
102.7 + 8.1 61.6 £ 9.9 ** 699+ 10.5 ** 69.5+ 7.8 ** _ _ _ _
34+ 04 20+ 04 * 24+ 04 * 24+02 * 33+ 0.1 3.3+ 03 34+ 0.1 35+ 0.2
147 + 1.1 9.4+ 16 * 109+ 14 * 114+ 09 * 143 + 0.1 152+ 0.5 15.6 + 0.4 16.4 + 1.3
3.1+02 1.9+ 0.2 *=* 20+ 0.1 = 22+02 = 3.0+ 0.1 3.1+ 04 29+ 04 3.2+ 04
52+ 0.6 3.1+£07 * 38+ 06 * 3.8+04 * 51+ 02 51+ 03 54+ 0.1 55+ 0.3
236+ 21 140+ 22 ** 162+ 28 ** 171+ 21 * 23.0+ 0.2 22.7+ 0.3 23.1+ 0.6 245+ 1.1
2.7+ 0.2 1.5+ 0.3 ** 1.7 £ 0.2 ** 1.7 £ 0.2 ** 26+ 0.1 24+ 0.1 24+ 0.1 25+ 0.2
33+03 20+ 04 * 25+ 0.7 ns 26+ 01 ns 33+ 0.1 3.2+ 0.6 35+ 0.6 3.8+ 04
31+0.2 1.5+ 03 * 20+ 05 *= 23+ 03 ns 3.0+ 0.2 25+ 03 28+ 0.3 33+ 0.1
105+ 1.0 6.4+ 1.0 * 73+ 13 * 6.7+ 11 * 10.2+ 0.2 10.4 + 0.1 10.4 + 0.3 9.7+ 0.7
26+ 03 15+ 02 *= 16+ 03 * 1.4+ 03 *= 25+ 0.1 25+ 01 23+ 01 21+ 0.3
1.3+ 0.2 0.6 £ 0.4 * 0.8+ 0.2 ns 0.7+02 * 1.3+ 01 0.9+ 0.6 1.2+ 0.1 1.0+ 0.2
0.8+ 0.1 0.6 £ 0.1 * 0.6 + 0.0 ** 05+ 01 * 0.8+ 0.0 09+ 0.1 0.9+ 0.1 0.8+ 0.1
1.0+ 0.1 0.6+ 0.1 ** 06+ 01 * 0.5+ 0.1 ** 09+ 0.0 09+ 0.1 0.9+ 0.0 08+ 0.1
52+ 05 3.2+ 05 34+ 04 * 29+ 0.6 ** 5.0+ 0.2 51+ 0.1 49+ 0.1 42+ 0.6
28+ 0.2 1.6+ 0.4 ** 1.8+ 03 * 1.5+ 0.4 *=* 28+ 0.0 26+ 0.2 25+ 0.0 22+ 04
11.8 + 0.5 8.1+ 14 * 82+ 0.7 * 7.3+ 1.4 = 115+ 05 13.1+ 0.9 119+ 0.8 105+ 1.3
25.0 + 1.7 157+ 25 ** 167+ 2.0 ** 145+ 3.2 ** 243+ 0.4 255+ 0.7 239+ 0.8 20.8 + 2.9
124+ 1.1 7.7 %12 w= 85+ 1.4 * 79+ 13 * 121+ 0.1 125+ 0.1 122+ 0.2 11.3+ 0.8
217+ 1.7 135+ 22 ** 157+ 20 * 164+ 1.4 * 211+ 0.1 220+ 05 225+ 0.6 237+ 21
39.3+ 33 224+ 37 ** 265+ 49 * 279+ 30 * 382+ 0.3 36.3+ 1.3 377+ 14 402+ 1.6
374+ 28 234+ 37 ** 252+ 34 * 224+ 44 * 36.4+ 0.3 38.0+ 0.7 36.1+ 0.6 322+ 3.7
796+ 262 63.6+222 ns 594+ 148 ns 522+50 ns _ _ _ _
21+09 1.8+ 0.6 ns 22+ 05 ns 24+01 ns 25+ 04 29+ 01 3.8+ 0.3 45+ 0.6
13.6 + 4.4 115+ 35 ns 138+ 1.7 ns 139+ 1.2 ns 171+ 0.4 183+ 1.3 238+ 3.3 26.8 + 3.7
09+ 03 0.7+ 03 ns 08+ 0.1 ns 08+ 0.1 ns 1.1+ 0.0 1.0+ 0.0 14+ 01 15+ 0.1
47+ 1.2 40+ 11 ns 44+ 05 ns 45+ 0.3 ns 6.0+ 0.5 6.5+ 0.7 7.7+ 1.1 86+ 1.1
4.4+ 2.0 41+ 14 ns 47+ 11 ns 46+ 03 ns 54+ 08 6.5+ 0.1 8.0+ 0.7 89+ 05
10.7 + 4.2 86+33 ns 103+ 13 ns 100%0.7 ns 13.3+ 0.9 13.3+ 0.5 17.7 + 2.6 193+ 1.8
25+ 09 22+ 0.7 ns 25+ 04 ns 24+02 ns 3.2+ 01 35+ 0.1 43+ 0.4 4.6 + 0.6
15+ 0.6 1.1+04 ns 15+ 03 ns 1.8+ 0.2 ns 19+ 04 1.8+ 0.0 25+ 03 34+ 02
1.6 + 0.9 1.2+ 04 ns 15+ 05 ns 20+ 05 ns 1.9+ 0.7 1.8+ 0.0 25+ 04 3.7+ 0.6
08+ 04 0.1+00 * 02+01 * 02+01 * 1.1+ 0.6 0.2+ 0.1 0.4+ 0.2 04+ 0.3
1.0+ 0.3 0.8+ 03 ns 0.7+ 03 ns 04+02 * 1.3+ 0.0 1.3+ 01 12+ 0.2 0.8+ 0.2
0.7+ 0.3 0.6 0.2 ns 04+02 ns 02+01 * 09+ 01 09+ 0.1 0.6 £ 0.2 03+ 0.2
1.1+04 09+ 03 ns 04+ 04 ns 0.1+01 * 14+ 01 14+ 00 0.7 £ 0.5 0.1+ 0.1
1.1+0.2 0.8+ 0.3 ns 05+ 02 * 0.3+0.2 * 14+ 03 1.3+ 0.1 0.8+ 0.2 05+ 0.2
06+ 0.2 04+02 ns 03+ 02 ns 01+01 * 0.7+ 0.0 0.7+ 0.0 0.4+ 0.2 0.2+ 0.2
6.4+ 2.2 51+20 ns 28+ 17 ns 11+12 * 8.0+ 0.2 79+ 05 43+ 1.7 20+ 21
0.7+ 0.2 05+02 ns 03+02 * 0.1+01 *= 09+ 0.1 0.8+ 0.0 05+ 0.1 03+ 0.2
1.2+ 05 1.0+ 04 ns 05+ 0.3 ns 03+02 * 15+ 0.1 15+ 01 0.9+ 0.3 05+ 0.4
204+ 6.1 151+ 59 ns 85+ 48 * 4.0+ 31 * 259+ 1.8 235+ 1.2 134+ 46 74+ 51
30.7 + 9.7 232+90 ns 129x76 * 58+ 47 * 38.7 £ 1.7 36.1+ 1.9 204+ 75 108+ 7.8
3.1+07 25+09 ns 1.7+ 0.7 ns 1.0+05 * 41+ 05 3.9+ 02 28+ 0.6 1.8+ 0.7
21.2+ 6.8 180+ 54 ns 213+ 28 ns 215+ 1.7 ns 26.7+ 0.4 288+ 21 36.7 £ 4.6 415+ 54
220+ 8.2 176 £+ 6.3 ns 211+ 34 ns 213+ 11 ns 273+ 1.9 276+ 0.2 36.1+ 3.2 41.0 £ 2.6
33.8 + 10.4 25.7+ 9.9 ns 146 + 83 * 6.8+ 52 * 428 + 2.1 40.0 £ 2.1 23.2 + 8.0 12.6 + 8.5
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