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T—h—e—m—a—i—n—o—b—j—e—c—t—i—v—e—s—o—f—t—h—i—s—s—t—u—d—y—w—e—r—e—t—o—1—)—d—e—t—e—r—m—i—n—e—t—h—e—i—n—d—i—v—i—d—u—a—l—p—h—o—s—p—h—o—l—i—p—i—d—(—P—L—)—c—l—a—s—s—e—s—
c—o—n—t—e—n—t—o—f—f—r—e—s—h—m—e—a—t—f—r—o—m—I—b—e—r—i—a—n—p—i—g—s—a—n—d—t—h—e—i—r—r—e—s—p—e—c—t—i—v—e—f—a—t—t—y—a—c—i—d—a—n—d—d—i—m—e—t—h—y—l—a—c—e—t—a—l—c—o—m—-—
p—o—s—i—t—i—o—n—,—a—n—d—2—)—a—s—s—e—s—s—t—h—e—e—f—f—e—c—t—o—f—d—i—f—f—e—r—e—n—t—d—i—e—t—s—(—a—c—o—r—n—a—n—d—g—r—a—s—s—v—s—Themainobjectivesof
thisstudywereto (1) determinetheindividualphospholipid(PL) classescontentof freshmeat
from Iberianpigsandtheir respectivefattyacidanddimethylacetalcompositionand(2) assess
theeffectof differentdiets(acornandgrassvsoleicacidenrichedconcentrates)on theselipid
species.F—i—r—s—t—l—y—,—First, it wasfound that phosphatidylcholinewasthe major PL, followed by
phosphatidylethanolamine,phosphatidylserine,andphosphatidylinositolin a—decreasingorder.
EachPL classshoweda differentlipid profile. S—e—c—o—n—d—l—y—,—Second,the feedingr—e—g—i—m—e—regimen
influencedthequantityandthefattycompositionof theindividualPL classes.Meatfrom pigs
fattenedwith high oleic acid concentrateshadhighera—m—o—u—n—t—amountsof mostphospholipid
classesando—f—polyunsaturatedfatty acids,which is anindicationof lipid oxidationinstability.
Lastly, thesedifferencesin PL speciesandfattyacidcompositioncouldbeusedto differentiate
meatsfrom Iberianpigswith differentfeedingr—e—g—i—m—e—s—.—regimens.

Keywords:Phospholipidclasses;fatty acidcomposition;dimethylacetals;Iberianpig; muscle;feeding

I—N—T—R—O—D—U—C—T—I—O—N—Introduction
Phospholipids(PL) arethekey componentsof all biologicalmembranes.Eachtissueexhibitsits own patternof PL

classes;phosphatidlycholine(PC),phosphatidylethanolamine(PE),phosphatidylserine(—P—S—)—(PS),andphosphatidyli-
nositol(PI) arethemorerepresentative classesin mammalskeletalmuscle(—1)—.—. EachPL classshows a patternof acyl
andalkyl chainsin thesn-1 andsn-2 positions(—2)—.—. Both PCandPEarekey componentsof membranebilayers,PC
makingupaveryhighproportionof theouterleafletof thecell membrane.PChasarole in s—i—g—n—a—l—l—i—n—g—signalingvia the
generationof diacylglycerols,w—h—i—l—e—whereasPEhasaspecificinvolvementin supportingactivetransport.PSis located
entirelyon theinnermonolayersurfaceof thec—e—l—l—s—cells,andit is involvedin thebloodcoagulationprocess.PI is the
primarysourceof thearachidonicacid(C20:4n—-—6—)—n-6), which is requiredfor thebiosynthesisof eicosanoids(—3)—.—.

However, thenumberof studiesconcerningpolarlipids in muscleandmusclefoodsis muchsmallerin comparison
to thoseon neutrallipids, andmostof thesestudieshave beenaimedto studythefatty acid(FA) profile of total polar
lipids (—4-—, 5)—.—. Nevertheless,l—a—s—t—over thepastdecadetherehasbeena—growing interestin analyzingm—o—r—e—in moredetail
this lipid fraction in musclefoods,s—i—n—c—e—becauseit hasbeensuggestedby several researchersthat lipid oxidationin
muscleandmusclefoodsinitiatesandmainly takesplacein membranePL (—6)—.—. Thehighsensitivity of PL to oxidation
in meatandmeatproductshasprimarily two causes:thehigh proportionof l—o—n—g—c—h—a—i—n—long-chainpolyunsaturatedFA
(PUFA), which arevery susceptibleto oxidation,andtheclosecontactof PL with catalystsof lipid oxidationlocated
in the aqueousphaseof the musclecell (—7)—.—. Besides,thesecompoundsaresubjectto degradationthroughoutthe
processingof Iberianhams. In fact,FA releasedduring the ripeningprocessmainly arisefrom this fraction (—4)—.—. In
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addition,therateandextensionof thelipolysis thattakesplaceduringtheripeningof Iberianhami—s—arerelatedto the
featuresof theraw materialandt—o—theripeningconditions(—4)—.—.

It is generallyacceptedthattheFA compositionof PL canbealtereddueto nutritionalor environmentalfactors,
suchastemperaturechanges(—8)—.—. In fact,severalworkshavedemonstratedthattheFA compositionof musclePL from
pig, beef,or chickenis stronglyinfluencedby theFA compositionof dietaryFA (—5-—−9)—.—. Moreover, Sanchezet al. (—10

)—andPerez-Palaciosetal. (—11 )—showedthedieteffectontheFA profileof individualPL classesfrom differentrattissues.
Similarly, theproportionof dimethylacetals(DMA) in differentPL classeshasbeenshown to beinfluencedby dietary
FA composition(—11-—, 12)—.—. DMAs arelinkedto thesn-1 positionof thePL by a vinyl etherlinkageandseemto play a
certainantioxidantrole (—13)—.—.

Iberianmeatproductsfromanimalsfedoutdoorsonnaturalresourcesreachthehighestpricesin themarketbecause
of i—t—s—their quality characteristics,which aremainly attributedto theoutdoorrearing,which implies theconsumption
of acornsandgrass(—5, 14)—.—A—c—o—r—n—s—. Acorn andgrassproductiona—r—e—is seasonalandrestricted,andthusa considerable
numberof Iberianpigs arefattenedwith concentrates,which implies lower quality andmarket acceptance(—14-—, 15)—.—.
Currently, monounsaturatedFA (MUFA) enricheddiets, throughthe inclusionof high oleic acid sunflower oil, are
beingusedfor feedingIberianpigsi—n—o—r—d—e—r—to imitatetheFA profile of thoseanimalsfattenedon acorns.

Most studiesin Iberianhamfocusedon theeffect of thediet on theFA compositionhave beenmainly devotedto
thestudyof theFA profileof neutrallipids, freefattya—c—i—d—s—acids,andPL (—4, 5)—,—, whereasits influenceon thecontentof
muscleindividualPL classesor theFA profileof eachmusclePL classremainsunstudied.Thus,thisstudywasaimed
to analyzetheamountof individualPL classesin musclefrom Iberianpigsaswell astheirFA composition.Moreover,
theeffect of feedingIberianpigsw—i—t—h—differentdiets(acornandgrassv—s—.—vs oleic acidenrichedconcentrates)on both
thequantityandt—h—e—lipid compositionof thedifferentmusclePL classeswasalsostudied.
M—A—T—E—R—I—A—L—A—N—D—M—E—T—H—O—D—S—MaterialsandMethods
Experimentald—e—s—i—g—n—Design. Thisstudywascarriedoutwith 30pureIberianpigs,whichweredividedinto two groups
accordingto thefeedingr—e—g—i—m—e—regimenduringthefatteningperiodprior to slaughter. Onegroupof pigs(AG) (—n—=—1—5—)—
w—a—s—r—e—a—r—e—d—o—u—t—d—o—o—r—s—i—n—a—3—0—H—a—e—x—t—e—n—s—i—o—n—l—a—n—d—w—i—t—h—f—r—e—e—a—v—a—i—l—a—b—i—l—i—t—y—o—f—a—c—o—r—n—s—(Q—u—e—r—q—u—s—i—l—e—x—,—Q—.—r—o—t—u—n—d—i—f—o—l—i—a—n = 15)
wasrearedoutdoorsin a 30 ha extensionland with free availability of acorns(Querqusilex, Querqusrotundifolia,
andQuerqussuber) andgrass.Theothergroupof pigs (HO) (Q—.—s—u—b—e—r—n )—a—n—d—g—r—a—s—s—.—T—h—e—o—t—h—e—r—g—r—o—u—p—o—f—p—i—g—s—(—H—O—)—
(—n—=—1—5—)—= 15) wasalsofattenedoutdoorsin a 1 H—a—ha extensionland, with an oleic acid enrichedconcentrate(4.120
K—g—/—d—a—y—)—kg/day)andfreeavailability of grassbut mainly fed. ThechemicalandFA c—o—m—p—o—s—i—t—i—o—n—compositionsof the
feedsh—a—s—have beenpreviously published(—15)—.—. At thebeginningof the fatteningperiodweightswere99.2± 3.1 and
96.3± 1.7kg for Iberianpigsof theAG andHO groups,respectively. All of theanimalswerefattenedfor 110daysand
slaughteredthesamedayat theageof 16 monthsby electricalstunningandexsanguinationat a local slaughterhouse.
Slaughterweightswere1—5—8—.—9—±—3—.—2—158.9± 3.2and1—6—2—.—5—±—2—.—9—162.5± 2.9kg for AG andHO p—i—g—s—pigs,respectively. One
hamof eachanimalwast—a—k—e—n—taken,andtheirbicepsfemorisandsemimembranosusmusclesweredissectedandstored
at−80 ◦C until analysis.Thequantityof eachPL classwasanalyzedin bothmuscles,whereasthebicepsfemoriswas
theonly muscleusedfor studyingtheFA andDMA compositionsof eachPL class.B—i—c—e—p—s—f—e—m—o—r—i—s—a—n—d—S—e—m—i—m—e—m—b—r—a—-—
n—o—s—u—s—m—u—s—c—l—e—s—w—e—r—e—d—i—s—s—e—c—t—e—d—a—n—d—s—t—o—r—e—d—a—t—-—8—0—◦ C—u—n—t—i—l—a—n—a—l—y—s—i—s—.—T—h—e—q—u—a—n—t—i—t—y—o—f—e—a—c—h—P—L—c—l—a—s—s—w—a—s—a—n—a—l—y—z—e—d—i—n—b—o—t—h—
m—u—s—c—l—e—s—w—h—e—r—e—a—s—t—h—e—B—i—c—e—p—s—f—e—m—o—r—i—s—w—a—s—t—h—e—o—n—l—y—m—u—s—c—l—e—u—s—e—d—f—o—r—s—t—u—d—y—i—n—g—t—h—e—F—A—a—n—d—D—M—A—c—o—m—p—o—s—i—t—i—o—n—o—f—e—a—c—h—P—L—
c—l—a—s—s—.—
Intramuscularf—a—t—e—x—t—r—a—c—t—i—o—n—Fat Extraction. Samplesweregroundusinga commercialgrinderimmediatelybeforefat
extraction. Intramusculartotal lipids wereextractedwith chloroform/methanol(2:1, v—o—l—/—v—o—l—)—,—v/v), accordingto the
methoddescribedby Folch et al. (—16 )—andmodifiedby Perez-Palacioset al. (—17)—.—.
Quantificationof p—h—o—s—p—h—o—l—i—p—i—d— c—l—a—s—s—e—s—PhospholipidClasses. Quantificationof PL classeswas carried out by
fractionationusingHPLC coupledto evaporative light scatteringdetector(ELSD), following the methoddescribed
by R—o—m—b—a—u—t—,—Rombautet al. (—18 )—with slight modifications. Lipids (24 mg) were dissolved in 1.6 m—l—mL of
c—h—l—o—r—o—f—o—r—m—:—m—e—t—h—a—n—o—l—chloroform/methanolsolvent (88:12, v—o—l—/—v—o—l—)—.—v/v). Analysis was carriedout using an HPLC
Shimadzu(LC-20AT prominenceliquid chromatography) instrumentequippedwith apump(DGU-20A5prominence
degasser)and a SIL-20AC autosampler. The analyticalcolumn (150 mm × 30 mm I—.—D—.—)—i.d.) was packed with a
silica normal-phasePrevail Silica 3u (GRACE) thermostatedin anoven(ShimadzuCTO-20AC prominencecolumn
o—v—e—r—)—oven)at40◦C.Thechromatographicseparationwascarriedoutusingalineargradientaccordingto thefollowing
scheme:t—=—0—m—i—n—,—8—7—.—5—%—A— 1—2—%—B—0—.—5—%—C—;—t—=—1—2—m—i—n—,—2—%—A— 9—0—%—B—8—%—C—f—o—r—2—m—i—n—.—T—h—e—m—o—b—i—l—e—p—h—a—s—e—w—a—s—b—r—o—u—g—h—t—
b—a—c—k—t—o—t—h—e—i—n—i—t—i—a—l—c—o—n—d—i—t—i—o—n—s—a—t—t—=—1—6—m—i—n—a—n—d—t—h—e—c—o—l—u—m—n—w—a—s—a—l—l—o—w—e—d—t—o—e—q—u—i—l—i—b—r—a—t—e—u—n—t—i—l—t—h—e—n—e—x—t—i—n—j—e—c—t—i—o—n—a—t—t—=—
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2—5—m—i—n—.— E—l—u—e—n—t—A— c—o—n—s—i—s—t—e—d—o—f—c—h—l—o—r—o—f—o—r—m—,—e—l—u—e—n—t—B— o—f—m—e—t—h—a—n—o—l—a—n—d—e—l—u—e—n—t—C— o—f—t—r—i—e—t—h—y—l—a—m—i—n—e—b—u—f—f—e—r—(—p—H— 3—,—1—M—
f—o—r—m—i—c—a—c—i—d—)—.— T—h—e—fl—o—w— w—a—s—m—a—i—n—t—a—i—n—e—d—a—t—0—.—7—m—l—/—m—i—n—.— T—h—e—i—n—j—e—c—t—i—o—n—v—o—l—u—m—e—w—a—s—1—0—µ�L—.—H—P—L—C— w—a—s—c—o—u—p—l—e—d—w—i—t—h—
a—n—E—L—S—D— (—A—l—l—t—e—c—h—3—3—0—0—)—.—T—h—e—n—e—b—u—l—i—s—i—n—g—g—a—s—w—a—s—N—t = 0 min, 87.5%A−12%B−0.5%C; t = 12 min, 2% A−90%
B−8% C for 2 min. Themobilephasewasbroughtbackto the initial conditionsat t = 16 min, andthecolumnwas
allowedto equilibrateuntil thenext injectionat t = 25 min. EluentA consistedof chloroform,eluentB of methanol,
andeluentC of triethylaminebuffer (pH 3, 1 M formic acid). Theflow wasmaintainedat 0.7mL/min. Theinjection
volumewas10 µL. HPLC wascoupledwith an ELSD (Alltech 3300). The nebulizing gaswasN2, at a flow rate
of 1.6 L—/—m—i—n—,—L/min anda n—e—b—u—l—i—s—i—n—g—nebulizing temperatureof 65 ◦C. The gain wassetat 1. Individual PL classes
wereidentifiedby comparingtheir retentiontimeswith thoseof externalstandards(SpectralServicesGMBH, Koln,
Germany). For quantificationpurposes,calibrationcurvesof individual PL classeswereprepared.
Fatty a—c—i—d— m—e—t—h—y—l— e—s—t—e—r—s—Acid Methyl Ester (FAME) and d—i—m—e—t—h—y—l— a—c—e—t—a—l—s—Dimethylacetal (DMA) p—r—e—p—a—r—a—-—
t—i—o—n—Preparationand a—n—a—l—y—s—i—s—Analysis. F—o—r— a—n—a—l—y—s—i—n—g—To analyzethe FA compositionof each PL class, the PL
fractionationwascarriedout in NH2-aminopropyl minicolumns(500 mg) from Varian (HarborCity, CA). Briefly,
minicolumnswereactivatedwith 7.5 mL of n—-—nh—e—x—a—n—e—.—-hexane. Twentymilligramsof lipids dissolved in 150µL of
n—-—nh—e—x—a—n—e—:—c—h—l—o—r—o—f—o—r—m—:—m—e—t—h—a—n—o—l—-hexane/chloroform/methanol(95:3:2,v/v/v) was loadedonto the column. Neutral
lipids wereelutedwith 5 mL of chloroformandfreeFA with 5 mL of diethyl e—t—h—e—r—:—a—c—e—t—i—c—ether/aceticacid(98:2,v/v)
(—19)—.—. In this way, minicolumnsretainedthe PL, beingfurther separatedinto PL classesin the sameminicolumnin
whichthey hadbeenretained,following themethodusedfor musclePL fractionationinto PC,PE,PS,andPI described
by Perez-Palacioset al. (—20)—.—. PC, PE, PS,and PI were elutedwith 30 mL of a—c—e—t—o—n—i—t—r—i—l—e—:—acetonitrile/n-propanol
(2:1, v/v), 10 mL of methanol,7.5 mL of i—s—o—p—r—o—p—a—n—o—l—:—3—isopropanol/3N methanolicHCl (4:1, v/v), and17.5mL of
c—h—l—o—r—o—f—o—r—m—:—m—e—t—h—a—n—o—l—:—3—7—%—chloroform/methanol/37%HCl (200:100:1,v/v/v), respectively. The v—a—c—c—u—m—vacuumwas
adjustedto generatea flow of 1 mL/min.

Fatty acidmethyl esters(FAME) andDMA from alkenyl chainswerepreparedby transesterificationin thepres-
enceof 0.1N sodiummetalin methanolandsulfuric acid in methanolat 8—0—◦ C—(—80 ◦C 21)—.—. FAME wereanalyzedby
gaschromatography, usingan Agilent 6890Ngaschromatograph,equippedwith a flameionizationdetector(FID).
Separationwascarriedout on a p—o—l—y—e—t—h—y—l—e—n—e—g—l—y—c—o—l—polyethyleneglycol capillarycolumn(60 m long,0.32mm i—d—,—i.d.,
and0.25mm film thickness)(Supelcowax-10, Supelco,B—e—l—l—a—f—o—n—t—e—,—Bellefonte,PA). Oven temperatureprogramming
startedat 180 ◦C. Immediately, it wasraisedat 5 ◦C min-—1—−1 to 200 ◦C, heldfor 40 min at 200 ◦C, increasedagain at
5 ◦C min-—1—−1 to 250 ◦C, andheld for the last21 min at 250 ◦C. Injectoranddetectortemperatureswere250 ◦C. The
carriergaswasheliumataflow rateof 0.8m—l—/—m—i—n—.—mL/min. IndividualFAME peakswereidentifiedby comparingtheir
retentiontimeswith thoseof a standard(Sigma,St. Louis, MO) containinga mix of 37 FAME saturated,m—o—n—o—u—n—-—
s—a—t—u—r—a—t—e—d—monounsaturated,andpolyunsaturated(from C4 to C24). To confirm identification,selectedsampleswere
subjectedto gaschromatography coupledto massspectrometry(GC-MS) in a H—P—5—8—9—0—G—C—HP-5890GCseriesII gas
chromatograph(Hewlett-Packard)coupledto amassselectivedetector(HP-5971A, Hewlett-Packard).FA andDMA
wereseparatedusingthe samecolumnasthat usedfor GC-FID, with helium operatingat 41.3 K—P—a—kPa of column
headpressure,resultingin a flow of 1.45m—l—mL min-—1—−1 at 180◦C. Theinjectorandovenprogramtemperatureswere
thesameasfor theGC-FID analysis.Thetransferline to themassspectrometerwasmaintainedat 280◦C. Themass
spectrawereobtainedby electronicimpactat 70 eV, a multiplier voltageof 1756V, andcollectingdataat a rateof 1
scans-—1—−1 over the m/z o—v—e—r—t—h—e—m—/—z—rangeof 3—0—-—5—0—0—.—30−500. Compoundsweretentatively identifiedby comparing
their massspectrawith thosecontainedin theNIST/EPA/NIH andWiley libraries.
Statisticala—n—a—l—y—s—i—s—Analysis. The e—f—f—e—c—t—effectsof pig feeding,m—u—s—c—l—e—muscle,andtheir interactionon the contentof
eachindividual musclePL w—a—s—wereanalyzedusinga two-way analysisof variancewith interactionby the General
LinearModelprocedure.Theeffectof pig feedingon theFA andDMA compositionof eachindividualPL classfrom
thebicepsfemorismusclewasanalyzedby aone-wayanalysisof variance(ANOVA) usingtheGeneralLinearModel
procedure.Meanandstandarddeviationof thepercentagesof DMA, saturatedFA (SFA), MUFA, andPUFA werealso
calculated.StatisticalanalyseswereperformedusingtheSPSS(v. 15.0)packagesoftware.B—i—c—e—p—s—f—e—m—o—r—i—s—m—u—s—c—l—e—w—a—s—
a—n—a—l—y—s—e—d—b—y—a—o—n—e—-—w—a—y—a—n—a—l—y—s—i—s—o—f—v—a—r—i—a—n—c—e—(—A—N—O—V—A—)—u—s—i—n—g—t—h—e—G—e—n—e—r—a—l—L—i—n—e—a—r—M—o—d—e—l—p—r—o—c—e—d—u—r—e—.—M—e—a—n—a—n—d—s—t—a—n—d—a—r—d—
d—e—v—i—a—t—i—o—n—o—f—t—h—e—p—e—r—c—e—n—t—a—g—e—s—o—f—D—M—A—,—s—a—t—u—r—a—t—e—d—F—A—(—S—F—A—)—,—M—U—F—A—a—n—d—P—U—F—A—w—e—r—e—a—l—s—o—c—a—l—c—u—l—a—t—e—d—.—S—t—a—t—i—s—t—i—c—a—n—a—l—y—s—e—s—
w—e—r—e—p—e—r—f—o—r—m—e—d—u—s—i—n—g—t—h—e—S—P—S—S—(—v—.—1—5—.—0—)—p—a—c—k—a—g—e—s—o—f—t—w—a—r—e—.—
R—E—S—U—L—T—S—A—N—D—D—I—S—C—U—S—S—I—O—N—ResultsandDiscussion
Quantificationof i—n—d—i—v—i—d—u—a—l—IndividualPL c—l—a—s—s—e—s—Classes. Iberianpigsfattenedonacornandgrasswereconsideredas
thecontrolgroupbecausethis groupof animalswasfattenedfollowing thetraditionalprocedure.
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Four differentPL classesweredeterminedin the bicepsfemorisandsemimembranosusmusclesof this study
(FigureB—i—c—e—p—s—f—e—m—o—r—i—s—a—n—d—S—e—m—i—m—e—m—b—r—a—n—o—s—u—s—m—u—s—c—l—e—s—o—f—t—h—i—s—s—t—u—d—y—(—F—i—g—u—r—e—1). ThemajorPL wasPC,followedby
P—E—,—P—S—PEandPS,andPI beingtheminor one(Table1), which is basicallyin agreementwith resultsfoundby other
authorsstudyingdifferentmammalmuscletissues(—2)—.—.

Figure1. High-performanceliquid chromatogramof phospholipidclassesin raw thighsof Iberianpigs.

Table1. PhospholipidClassContentd(ExpressedasMilligrams of Phospholipidper100g of MuscleDry Matter±
StandardDeviation) in theBicepsFemorisandSemimembranosusMusclesof FreshIberianHamsfrom PigsFattened
with DifferentDiets: Acorn andGrass(AG) andHigh Oleic Acid EnrichedConcentrate(HO)a

bicepsfemoris semimembranosus p

AG HO AG HO F M F × M

PC 976.10 ±
108.05

1444.33 ±
80.16

1215.57 ±
70.06

1683.62 ±
181.65

<0.001 0.143 0.180

PE 352.71 ±
61.03

499.44 ±
41.16

524.61 ±
36.45

608.82 ±
14.59

0.017 0.146 0.710

PS 76.96± 6.73 81.70± 8.09 79.53 ±
9.16

75.29 ±
11.30

0.894 0.697 0.740

PI 58.91± 2.59 86.66± 5.33 63.73 ±
6.04

80.20± 6.82 <0.001 0.361 0.120

Σ
PL

1529.20 ±
82.65

2061.12 ±
51.06

1903.96 ±
21.12

2409.73 ±
157.05

<0.001 0.114 0.229

aF, feedingeffect; M, mucleeffect; PC,phosphatidylcholine;PE,phosphatidylethanolamine;PS,phosphatidylserine;PI, phosphatidylinositol;Σ
PL, sumof thecontentof thedifferentphospholipidclasses.

T—h—e—e—f—f—e—c—t—o—f—t—h—e—m—u—s—c—l—e—d—i—d—n—o—t—l—e—a—d—t—o—s—i—g—n—i—fi—c—a—n—t—d—i—f—f—e—r—e—n—c—e—i—n—a—n—y—P—L—c—l—a—s—s—.—O—n—t—h—e—o—t—h—e—r—h—a—n—d—,—t—h—e—r—e—w—a—s—a—h—i—g—h—e—r—
I—M—F—c—o—n—t—e—n—t—i—n—t—h—e—B—i—c—e—p—s—f—e—m—o—r—i—s—(—2—9—.—0—7—±—5—.—9—1—g—/—1—0—0—g—m—u—s—c—l—e—d—r—y—m—a—t—t—e—r—(—D—M—)—)—t—h—a—n—i—n—t—h—e—S—e—m—i—m—e—m—b—r—a—n—o—s—u—s—The
effect of themuscledid not leadto significantdifferencein any PL class.On theotherhand,therewasa higherIMF
contentin thebicepsfemoris(29.07± 5.91g/100g of muscledry matter(DM)) thanin thesemimembranosusmuscle
(17.08± 4.03g/100g of muscleDM). Theseresultsarenot in agreementwith thosein previousstudiesin whichhigher
PCandPEcontentsweredetectedin muscleswith a higherIMF content(—22)—.—.

Theeffect of diet on theamountof eachPL classin bicepsfemorisandsemimembranosusmusclesfrom Iberian
pigs is shown in TableB—i—c—e—p—s—f—e—m—o—r—i—s—a—n—d—S—e—m—i—m—e—m—b—r—a—n—o—s—u—s—m—u—s—c—l—e—s—f—r—o—m— I—b—e—r—i—a—n—p—i—g—s—i—s—s—h—o—w—n—i—n—T—a—b—l—e—1. The
quantityof PC,P—E—PE,andPI wassignificantlyhigher(p <—0—.—0—0—1—,—< 0.001,p =—0—.—0—1—7—= 0.017,andp <—0—.—0—0—1—,—< 0.001,
respectively) in HO thanin AG muscles,whereasPSwasnot influencedby pig feeding.As aconsequence,thesumof
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thecontentof thefour PL classeswasalsohigher(p <—0—.—0—0—1—)—i—n—H—O—t—h—a—n—i—n—A—G—B—i—c—e—p—s—f—e—m—o—r—i—s—a—n—d—S—e—m—i—m—e—m—b—r—a—n—o—s—u—s—
< 0.001)in HO thanin AG bicepsfemorisandsemimembranosusmuscles.The amountof PL hasbeenrelatedto
the type, t—h—e—d—i—a—m—e—t—e—r—diameter, andt—h—e—mitochondriacontentof muscularfi—b—r—e—s—(—fibers22)—,—, which could explain the
differencesin the contentof individual PL classesbetweenAG andHO Iberianpigs. In fact, althoughboth groups
of Iberianpigswerefattenedoutdoors,theareaof thelandin which AG pigswererearedwaslargerthanthatof HO
ones.Thus,AG Iberianpigsshouldhaved—o—n—e—a—experiencedmoreintensephysicalexercisethanHO pigs,whichmay
influencemusclefi—b—r—e—fiber characteristics.Contrarily, Petronet al. (—23 )—andTejedaet al. (—24 )—foundsimilar total PL
contentsin musclesfrom Iberianpigs fed o—n—differentdiets. Otherstudieshave shown that therelative percentageof
PL classeswasnot i—n—fl—u—e—n—c—e—influencedby thediet in eitherfish(—25 )—or mammarytissueanderythrocytesfrom rats(—26)—.—.
Fatty a—c—i—d—Acid and d—i—m—e—t—h—y—l—a—c—e—t—a—l— c—o—m—p—o—s—i—t—i—o—n—Dimethylacetal Compositions of i—n—d—i—v—i—d—u—a—l—Individual PL
c—l—a—s—s—e—s—Classes. Total SFA, MUFA, P—U—F—A—PUFA, andDMA in thefour PL classesfrom thebicepsfemorismuscleof
raw hamsis shown in FigureB—i—c—e—p—s—f—e—m—o—r—i—s—m—u—s—c—l—e—o—f—r—a—w— h—a—m—s—i—s—s—h—o—w—n—i—n—F—i—g—u—r—e—2. The highestproportionsof
SFA werefoundin PS(47.55± 0—.—4—7—%—)—0.47%)andPI (41.45± 1—.—5—7—%—)—,—w—h—i—l—e—1.57%),whereastheseFA werelower
in PC (31.14± 1—.—1—9—%—)—1.19%)andPE (28.94± 1—.—5—3—%—)—.—1.53%). Thus,PSshowed a high contentof palmitic acid
(C16:0)(Table4)—), whereashigh levelsof stearicacid(C18:0)werefoundin PI (Table5). In rat muscle,thehighest
c—o—n—t—e—n—t—contentsof C16:0andC18:0werefoundin PCandPS,respectively (—2)—.—.

Figure2. Percentageof dimethylacetals(DMA) andsaturated,monounsaturated,andpolyunsaturatedfattyacids(SFA,
MUFA, andPUFA, respectively) in phosphatidylcholine(blackbars),phosphatidylethanolamine(white bars),phos-
phatidylserine(white bar with black dots),andphosphatidylinositol(black bar with white dots) from freshIberian
hams.Error barsdisplaystandarddeviations.

Author: Our composition system cannot reproduce dotted bar shading in the figure
caption. Change to description in words OK?

The highestcontentof MUFA was found in PS,followed by PC andPI, w—h—i—l—e—whereasPE showed the lowest
proportion. This is theconsequenceof thehigh levelsof C18:1n-9 observed in PS,which is in agreementwith the
resultsfoundby Perez-Palacioset al. (—2 )—in rat muscle.

PCandPEshowedthehighestlevelsof PUFA (—3—3—.—8—4—%—(33.84and37.25%,respectively), dueto thehighpropor-
tion of linoleic acid(C18:2n-6) in PC(Table2)—,—) andthehighcontentof bothC18:2n-6 andC20:4n-6 in PE(Table3).
Similarly, Alasnieret al. (—27 )—andCamberoet al. (—28 )—showeda highercontentof C20:4n-6 in PEthanin PCof rabbit
muscle.On theotherhand,PI showedthehighestproportionof C20:4n-6 in thelongissimusdorsiof ratL—o—n—g—i—s—s—i—m—u—s—
d—o—r—s—i—o—f—r—a—t—(—2)—.—.

Table2. Fatty Acid andDimethylacetalComposition(Percentof Total FAME andDMA Detected± StandardDevi-
ation)of Phosphatidylcholineof theBicepsFemorisMusclefrom IberianPigsFedDifferentDiets: Acorn andGrass
(AG) andHigh Oleic Acid EnrichedConcentrate(HO)a
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AG HO p

C16:0 22.23 ± 0.76 21.97 ± 0.73 0.591

C16:1 1.50 ± 0.14 1.28 ± 0.19 0.066

C18:0 9.11 ± 0.66 8.99 ± 0.53 0.753

C18:1n-9 23.32 ± 1.01 17.74 ± 0.75 <0.001

C18:1n-7 4.30 ± 0.22 4.60 ± 0.33 0.123

C18:2n-6 28.08 ± 0.55 27.65 ± 1.09 0.450

C18:3n-6 0.20 ± 0.01 0.20 ± 0.01 0.328

C18:3n-3 0.87 ± 0.14 0.47 ± 0.03 <0.001

C20:3n-6 0.92 ± 0.03 0.93 ± 0.06 0.653

C20:4n-6 4.31 ± 0.81 7.50 ± 0.49 <0.001

C20:3n-3 0.48 ± 0.23 0.62 ± 0.16 0.300

C20:5n-3 0.24 ± 0.04 0.51 ± 0.14 0.004

C22:1n-9 0.16 ± 0.02 0.30 ± 0.07 0.003

C22:2 0.20 ± 0.09 0.18 ± 0.02 0.733

C24:0 0.89 ± 0.08 0.70 ± 0.06 0.003

C22:6n-3 0.48 ± 0.15 0.61 ± 0.09 0.136

Σ SFA 32.23 ± 0.71 31.66 ± 0.92 0.300

Σ MUFA 29.28 ± 1.10 23.92 ± 1.14 <0.001

Σ PUFA 35.03 ± 0.63 38.67 ± 1.30 <0.001

C16:0DMA 1.86 ± 0.17 3.67 ± 1.09 0.006

C18:0DMA 0.31 ± 0.02 0.73 ± 0.04 <0.001

C18:1DMA 0.55 ± 0.05 1.36 ± 0.11 <0.001

Σ DMA 2.71 ± 0.19 5.75 ± 1.09 <0.001

aΣ SFA, total amountof saturatedfatty acids;Σ MUFA, total amountof monounsaturatedfatty acids;Σ PUFA, total amountof polyunsaturated
fatty acids;Σ DMA, total amountof dimethylacetals.

Table3. Fatty Acid andDimethylacetalComposition(Percentof Total FAME andDMA Detected± StandardDevi-
ation)of Phosphatidylethanolamineof theBicepsfemorisMusclefrom IberianPigsFedDifferentDiets: Acorn and
Grass(AG) andHigh Oleic Acid EnrichedConcentrate(HO)a

AG HO p

C16:0 11.66 ± 2.95 5.54 ± 0.73 0.002

C16:1 0.80 ± 0.48 1.16 ± 0.23 0.167

C18:0 15.99 ± 1.48 18.11 ± 0.58 0.018

C18:1n-9 15.04 ± 2.79 10.87 ± 0.56 0.011

C18:1n-7 2.04 ± 0.47 1.74 ± 0.12 0.208
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AG HO p

C18:2n-6 15.57 ± 1.23 15.66 ± 0.70 0.895

C18:3n-3 0.56 ± 0.12 0.29 ± 0.06 0.002

C20:3n-6 1.07 ± 0.09 1.26 ± 0.12 0.025

C20:4n-6 19.87 ± 1.62 34.30 ± 0.76 <0.001

C20:3n-3 0.21 ± 0.02 0.37 ± 0.11 0.010

C20:5n-3 0.54 ± 0.18 0.83 ± 0.14 0.021

C22:1n-9 0.26 ± 0.07 0.42 ± 0.12 0.035

C22:2 0.57 ± 0.12 0.91 ± 0.06 0.001

C24:0 3.36 ± 0.25 2.84 ± 0.41 0.045

C22:6 0.77 ± 0.14 0.66 ± 0.05 0.113

Σ SFA 31.01 ± 3.49 26.49 ± 1.18 0.025

Σ MUFA 18.14 ± 3.19 14.19 ± 0.77 0.027

Σ PUFA 39.17 ± 2.59 54.27 ± 0.85 <0.001

C16:0DMA 4.10 ± 1.18 3.07 ± 1.31 0.228

C18:0DMA 4.27 ± 1.01 1.44 ± 0.09 <0.001

C18:1DMA 3.32 ± 1.36 0.53 ± 0.12 0.002

Σ DMA 11.68 ± 3.06 5.05 ± 1.25 0.002

aΣ SFA, total amountof saturatedfatty acids;Σ MUFA, total amountof monounsaturatedfatty acids;Σ PUFA, total amountof polyunsaturated
fatty acids;Σ DMA, total amountof dimethylacetals.

Thehighoxidationsusceptibilityof PL comparedto neutrallipids (—29 )—is well established,dueto their locationin
membranescloseto hemepigmentsandoxidantsystemsanddueto theirhighPUFA content(—30)—.—. In relationthefatty
profile of thePL classes,PCandPEwould bemoresusceptibleto oxidationthanPSandPI becauseof their higher
contentof PUFA. On theotherhand,the relative oxidationratesof PUFA containing2—,—3—,—4—,—5—two, three,four, five,
or 6—six doublebondsare1, 2, 4, 6—6, and8, respectively (—31)—.—. Thus,taking into accounttheproportionof individual
PUFA of eachPL, PEwould bethemostsusceptibleto oxidation,followedby PCandPI, a—n—d—with PSbeingtheleast
proneto oxidation.

PEshowedthehighestproportionof DMA, followedby PC,w—h—i—l—e—whereasthesecompoundswerenotfoundin PS
andPI.H—e—x—a—d—e—c—a—n—a—l—d—i—m—e—t—h—y—l—a—c—e—t—a—l—Hexadecanaldimethylacetal(C16:0DMA), o—c—t—a—d—e—c—a—n—a—l—d—i—m—e—t—h—y—l—a—c—e—t—a—l—octadecanal
dimethylacetal(C18:0D—M—A—)—DMA), ando—c—t—a—d—e—c—e—n—a—l—d—i—m—e—t—h—y—l—a—c—e—t—a—l—octadecenaldimethylacetal(C18:1n-9) werede-
tectedin bothPC(Table2) andPE(Table3). Thus,the low contentof SFA andMUFA in PCandPEcouldbedue,
at leastin part,to thehigh levelsof DMA found,s—i—n—c—e—becauseoneof thepathwaysfor thebiosynthesisof plasmalo-
gensinvolvesa desaturationprocessof theFA esterifiedin theanaloguePL (—32)—.—. Accordingly, Perez-Palacioset al.
(—2 )—showedthatPEwasthePL classcontainingthehighestlevel of DMA in the longissimusdorsiof rats. However,
theseauthorsalsofoundDMA in PC,PS,andPI of ratmuscle.L—o—n—g—i—s—s—i—m—u—s—d—o—r—s—i—o—f—r—a—t—s—.—H—o—w—e—v—e—r—,—t—h—e—s—e—a—u—t—h—o—r—s—a—l—s—o—
f—o—u—n—d—D—M—A— i—n—P—C—,—P—S—a—n—d—P—I—o—f—r—a—t—m—u—s—c—l—e—.—

Tables2-—−
5 s—h—o—w— t—h—e—F—A— a—n—d—D—M—A— c—o—m—p—o—s—i—t—i—o—n—o—f—P—C—,—P—E—,—P—S—a—n—d—P—I—,—r—e—s—p—e—c—t—i—v—e—l—y—,—o—f—B—i—c—e—p—s—f—e—m—o—r—i—s—show theFA andDMA
compositionof PC,PE,PS,andPI, respectively, of bicepsfemorismusclefrom AG andHO Iberianpigs. The ef-
fect of feedingIberianpigswith differentdietsdid not leadto changesin SFA of PC.On theotherhand,PE,P—S—PS,
andPI showed statisticallyhigher total SFA percentagein AG than in HO thighs,asa consequenceof the s—i—g—n—i—fi—-—
c—a—n—t—l—y—significantdifferencesin the proportionsof C16:0andC18:0betweenAG in HO pigs in PE, P—S—PS,andPI.
Thesedifferenceswerea consequenceof the FA compositionof feeding,oleic acid enrichedconcentratesshowing
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lower SFA contentthanacornsandgrass(—15)—.—. Moreover, the incorporationof FA into eachPL classis a selective
process(—13)—,—, which canbeexplainedby specificdifferencesin theacylation processfor eachindividual PL (—32)—.—.

Table4. Fatty Acid andDimethylacetalComposition(Percentof Total FAME Detected± StandardDeviation) of
Phosphatidylserineof theBicepsFemorisMusclefrom IberianPigsFedDifferentDiets: Acorn andGrass(AG) and
High Oleic Acid EnrichedConcentrate(HO)a

AG HO p

C16:0 29.33 ± 0.88 17.65 ± 1.25 <0.001

C16:1 4.32 ± 0.76 12.84 ± 1.18 <0.001

C18:0 16.18 ± 1.27 12.38 ± 0.36 <0.001

C18:1n-9 31.64 ± 2.81 30.12 ± 0.89 0.280

C18:1n-7 5.16 ± 0.44 7.05 ± 0.46 <0.001

C18:2n-6 5.12 ± 0.95 6.83 ± 0.47 0.007

C18:3n-3 0.23 ± 0.01 0.36 ± 0.00 <0.001

C20:3n-6 0.25 ± 0.00 0.29 ± 0.11 0.402

C20:4n-6 1.43 ± 0.30 2.28 ± 0.59 0.022

C20:3n-3 1.19 ± 0.83 3.47 ± 1.09 0.006

C20:5n-3 2.61 ± 0.98 3.70 ± 0.66 0.071

C22:1n-9 0.96 ± 0.22 1.96 ± 0.53 0.005

C22:2 2.57 ± 1.46 2.76 ± 1.22 0.824

Σ SFA 45.51 ± 1.76 30.03 ± 1.55 <0.001

Σ MUFA 42.09 ± 2.38 51.97 ± 1.50 <0.001

Σ PUFA 12.92 ± 3.79 19.04 ± 2.35 0.015

aΣ SFA, total amountof saturatedfatty acids;Σ MUFA, total amountof monounsaturatedfatty acids;Σ PUFA, total amountof polyunsaturated
fatty acids.

Table5. FattyacidandDimethylacetalComposition(Percentof TotalFAME Detected± StandardDeviation)of Phos-
phatidylinositolof theBicepsFemorisMusclefrom IberianPigsFedDifferentDiets: AcornandGrass(AG) andHigh
Oleic Acid EnrichedConcentrate(HO)a

AG HO p

C16:0 18.76 ± 0.49 17.15 ± 0.55 0.006

C16:1 9.02 ± 0.46 19.02 ± 0.40 <0.001

C18:0 24.41 ± 1.70 20.81 ± 1.73 0.028

C18:1n-9 11.27 ± 2.58 12.47 ± 2.60 0.550

C18:1n-7 7.35 ± 0.31 10.57 ± 1.34 0.007

C18:2n-6 11.68 ± 0.02 12.74 ± 1.57 0.301

C20:4n-6 7.40 ± 0.11 7.25 ± 1.43 0.867

C20:5n-3 1.51 ± 0.50
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AG HO p

C22:1n-9 3.02 ± 1.23

C22:2 5.58 ± 1.12

Σ SFA 43.17 ± 1.28 37.95 ± 1.96 0.007

Σ MUFA 30.67 ± 2.17 42.06 ± 2.64 0.001

Σ PUFA 24.66 ± 1.04 19.99 ± 1.55 0.004

aΣ SFA, total amountof saturatedfatty acids;Σ MUFA, total amountof monounsaturatedfatty acids;Σ PUFA, total amountof polyunsaturated
fatty acids.

The percentageof MUFA was influencedby the feeding backgroundbut s—h—o—w—i—n—g—showed a variable b—e—-—
h—a—v—i—o—u—r—behavior dependingon the PL class. Thus,PC andPE from freshmeatof AG Iberianpigs showed higher
proportionsof total MUFA andC18:1n-9 thanthosefrom HO pigs, despiteo—f—the scarcedifferencesin the content
of C18:1n-9 betweenthe feedsconsumedby AG (60.44%in acorns)andHO pigs (55.97%in high oleic enriched
concentrate)(—15)—.—. On theotherhand,musclePSandPI from HO IberianpigsshowedhigherMUFA proportionsthan
thoseof AG ones,asa consequenceof a highercontentof vaccenic(C18:1n-7) andpalmitoleic(C16:1n-7) acidsin
PSandPI of HO thighs. The high levels of C16:1n-7 in musclePSandPI of HO Iberianpigs could be relatedto
the desaturationof C16:0to C16:1n-7 by t—h—e—∆9d—e—s—a—t—u—r—a—s—e—(—-desaturase33)—.—. In fact,asdescribedabove, PSandPI
from HO animalsshoweda lower contentof C16:0thanthoseof AG ones.Thepresenceof highersubstrate(C16:0)
contentwould leadto an increasein desaturaseenzymeactivity (—34 )—,—a—n—d—c—o—n—s—e—q—u—e—n—t—l—y—and,consequently, to higher
levelsof C16:1n-7.

In PC,P—E—PE,andPS,theproportionof totalPUFA wassignificantlyhigherin HOthanin AGfreshmeat,asaresult
of thehigherlevelsof C20:4n-6 (in PC,P—E—PE,andPS)andC18:2n-6) (only in PS)in HO thanin AG animals.These
resultsarein agreementwith theFA profileof thefeeding,s—i—n—c—e—becausethehigholeicenrichedconcentrateshoweda
highercontentof C18:2n-6 thanacornsandgrass(—15)—.—. Thepathway for biosynthesisof C20:4n-6 involvesthedesat-
urationandelongationof dietaryC18:2n-6 (—32)—.—. Ontheotherhand,musclePI showedastatisticallyhigherproportion
of totalPUFA in AG thanin HO pigs,dueto thepresenceof eicosapentaenoic(C20:5n-3), erucic(—C—2—2—:—1—)—(C22:1),and
docosadienoic(C22:2n-6) acids,whereastheseFA werenot foundin HO ones.However, nodifferencesin C18:2n-6
andC20:4n-6 werefound in musclePI betweenAG andHO Iberianpigs. In fact,studyingthe influenceof thediet
ontheFA andDMA compositionof PL classesfrom animalmuscles,otherauthorshaves—h—o—w—e—d—shown thatPI wasthe
lessaffectedPL (—9, 11, 26)—,—, which couldbe relatedto the role of PI asa secondmessengerin cell signaltransduction
mechanismandalsoto thefactthatthemaintenanceof theFA compositionof PI is animportantfeatureof membrane
homeostaticmechanisms(—26)—.—.

Theeffect of thediet on thecontentof DMA did not follow thesametrendin PCandPE.Higherlevelsof C16:0
DMA, C18:0DMA, C18:1D—M—A—a—n—d—c—o—n—s—e—q—u—e—n—t—l—y—o—f—DMA, and,consequently, total DMA werefoundin musclePC
of HO thanin AG pigs.On theotherhand,in musclePEtheproportionsof C18:0DMA, C18:1D—M—A—DMA, andtotal
DMA werehigherin AG thanin HO. Thedifferentinfluenceof thefeedingbackgroundon thecontentof DMA in PC
andPEis note—a—s—y—t—o—b—e—easilyaddressed.It couldberelatedto particularPL characteristics,suchastheabundanceand
situationof thePL in membrane,thephysiologicalfunctionof a particularPL, or therole asprecursorof severalFA
for thebiosynthesisof biologically active compounds.

Severalauthorshavealsoshown theeffectof thedietonFA compositionof PL classesin differentmammalmus-
cles(—11, 26, 28)—.—. As far asIberianpig is concerned,Muriel et al. (—5 )—,—a—l—s—o—f—o—u—n—d—d—i—f—f—e—r—e—n—c—e—s—i—n—t—h—e—F—A— p—r—o—fi—l—e—o—f—t—o—t—a—l—
P—L—f—r—o—m— t—h—e—L—o—n—g—i—s—s—i—m—u—s—d—o—r—s—i—alsofounddifferencesin theFA profile of total PL from thelongissimusdorsimuscle
betweenanimalsfed o—n—acornandgrassandthosefed w—i—t—h—high oleic acidenrichedconcentrates.

Thus,it canbe concludedthat Iberianpig feeding(acornandgrassv—s—.—vs high oleic acid concentrates)leadsto
differencesi—n—bothin thequantityof musclePL classesandin theFA andDMA compositionof suchPL classes,those
from pigs fattenedwith high oleic acidconcentratesshowing higheramountsof PL ando—f—PUFA. Thesedifferences
could make the meatfrom HO animalsmoreproneto lipid oxidation,s—i—n—c—e—becausePL arevery sensitive to o—x—i—d—a—-—
t—i—o—n—oxidation,mainlydueto theirhighPUFA content(—7)—,—, which in turncouldleadto a lowerquality in meatproducts
from HO animals.Decompositionof h—i—d—r—o—p—e—r—o—x—i—d—e—s—hydroperoxidesgeneratedduring lipid oxidationc—r—e—a—t—e—createsa
wide rangeof compoundscontributing to fl—a—v—o—u—r—flavor deterioration(—35)—.—. Moreover, differencesfoundin thequantity
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andlipid compositionof thedifferentPL classescouldbeusedastoolsfor differentiatingmeatfrom Iberianpigswith
differentfeedingbackgrounds.
A—B—B—R—E—V—I—A—T—I—O—N—S—U—S—E—D—AbbreviationsUsed

P—h—o—s—p—h—o—l—i—p—i—d—,— P—L—;— p—h—o—s—p—h—a—t—i—d—y—l—c—h—o—l—i—n—e—,— P—C—;— p—h—o—s—p—h—a—t—i—d—y—l—e—t—h—a—n—o—l—a—m—i—n—e—,— P—E—;— p—h—o—s—p—h—a—t—i—d—y—l—s—e—r—i—n—e—,— P—S—;—
p—h—o—s—p—h—a—t—i—d—y—l—i—n—o—s—i—t—o—l—,— P—I—;—PL, phospholipid; PC, phosphatidylcholine;PE, phosphatidylethanolamine;PS, phos-
phatidylserine;PI, phosphatidylinositol;AG, acornandg—r—a—s—s—,—A—G—;—grass;HO, high oleic acidenrichedc—o—n—c—e—n—t—r—a—t—e—s—,—
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