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Abstract

Fatty( Rh)dvdese been tr adiyt igarsalclhyr oamaaloygzread h'y

acids met hylaneds tneorrse s(rFeAgMeEMB 5y B pectr.ometry

Si nhciegh perlfiogrumadn cceh r e Pnlg € opg reaspehnyt s( some adva
the possibility to analyze them as underiyv
has been t o i nvestHRGMISeat be whi crhepéatemen:
compl ement t#8M8hnique to GC

Adirect DMMSuUusind®R €1S met hod to analyze FAs
Fragment diagedsfioc sonsartaires wdlulcyy dabi ann
FAMEs dryg e@gdSy weltdhemn | owWheat iFAB. were analy
HR GCMS welkdctrospralgi $ oneehhiqne gave al mos:
ad no adducdasl ldiveednolRi@MBt her ef oriaf prmai des
about the mahiechliag oifants sBEANIIsismintgat i on f oun

HRCGMS i s that it was not possi,whe cti dtoirng:!
guantification purposed ol icrmistmt hedeguagea t d fo nt
i somers i s needed. It wafs dalfsfeermremtti ccehdai tnh a
di fferent ionization efficiencies and t hes:¢
used.

Chromatographic selectivity, efficiency ani

HRCGMS. These parametyrBurcraenl |Ibearek puan nae rot
i socratic ehdomabobheampmay. Sikncaend hrumled re nd
theoretiNgalarpel aboés viarl 0 gir ammedck pdlsr egnait oghk aph
chain I ength (ECL) G@)ndwerea ktsh e ep arcaméetoer s( P
sel ecti vit yr easnpde detyHfi&€cliwe ntchy gradi ent el uti on

The variability of ECL wi t h dmd tf earealt, c|
acetonitrile, acetomebioretpbaathynde enpdagr a
ti me) waasp pltwidng df actor i al design anddrespo
model s to premdaot sgChre®Roetrors for predic
0.04 for all the solvents &nalfyzae d,eakh iwdhdt



was also found that ECL wvari etso wsdoenger e e se
with the aedhpehatugesdciepmtestsi hdast aé mgesadine
effRaznti al dlegrses sigumr @PL StRy)) bwaisl da | nsood eal psp | tic
ECL based on the chemical structure of the
Agagonod prediction modetllsatwefwreea eftoiauvonnd owi tah
wi dt h.

ThEPC conceed assaumeasndes afefemfeidciaesn dy ea
peak width i n rTehtee nhteifohne sitnednecxy wiwvemst tstalatnail n e d
was asedol vent. Efficiency can be i mproved
Il ncreasi ng,whr a&adil & ®tsi nierheo § h alma&t yn@mixs mum val u
for oPbRGiIi HREEMS Yywas around 7.
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1.l ntroducti on

llFatty acids

Fatt y( RAesir)ées tmlaj or cfonmpiopniednst, ooneudbof,aebdést hre
are usually ingestead itmel &0genp lpd | pthrai ltgil pyi cdesr
Thegyner at e agreerag ys oarnche prtihnec ibpcaall ocgoenmpbor naennet s
pr oviidntinaggr, fluiditythe@emmneasbibl it ¢ ¢tairodg Wi
enzymedg.i timnado thehergypsesottanoeeg hatty aci
physi ol ogi cal functions and even some adve
acids dmd/ tarcams are known to significantly
contrast, I n¢ge sftatotny odrc vameignas p e &fi esetaisreg t
Poglunsaturated fatey abesbd&uidttd RAs)nt physi ol
resparpemgd on the position of dowshlaeapcleonds
|l inolenio6pcid khBwB to show &lnitrn clammcied aci
(1833 has beencrepdhrt ed skpPfedheart di sease

l2Fatty aci d mameunccluateu raen d

Fatty acids consisbnopéchedcarbowliychchmgpobpa
saturated ,amdumaat wrommttead N car bon branches
gr o Hpisg Uy owever, the majority wohbrfandblyedac:i
cambahains with 8 tHtoubBlWhechobadebSuyum@tdi amalot dr
Doublne@dsbon polyunsaturated fatty acids (PU
typically separated bAwiat hsniwnaplol eer ende tchayrlbeonne c¢
ag presemsmadhnl| Wiurammo st eandacasmen chains |
C24 can be presemmi niom Rriadc]Eme salrdepbgd st h e

number of <car bons f oolulbolwe db obnyd st. h e onr vanebxedrmpd
iI's denBo:tle dow®lild8h means tlkar bonscandainoms uh8 a
Doubl e bonmtaypsopsa dififoonesdei t her end of the mol
positions given from the met hylnboandiyoféo t he
Al ternativel vy, t heabdedae bt ebiylbbetdhde pla sittainacre f

carbonyl .group as 00



The polfaatitty aodi ds covers a wide range. Fo
I mpor tyanatc ifdast,t2 6 r o alr divéen ¥laoclgs Pbet ween , 6. 96 an
wheRieshe part ibteitonneoeong aln alt i[&nd water

MOH 120
\/\/\/M
— oH 20:1n-9

-_ — — OH
/\/\/_\/_\/_\/\/\r 18316

— — — — — — OH
OH
18:0 120H

Figure 1 - Fatty acid structure and nomenclature.
133Anal ysis of fatty acids

Severadlytamr al met hods have been developed t
| ay eormacthorgr aphy, g d GC@&rd olmag wigd aplh@dmchat ogr a |
because of thescbami exi masebrmpecndometry (
become toghet ecehandalnogy f or l' i phdomkinsi anal yyi
specificity dmd dynamic range

Fat a yihdasv e b e en atnraal dyigse&idonn atlhl eyFaftobcymie tf h y |

Esters OUBAMB#HOENi z Batiomt i p A|n(dF Ind)r ewirdB ent | vy,
det edDteirorvati zation of foamewyedcitos mehbdyée €i
timensuming process aqadr a hhgenme sadrme ,rsitskusc t a
| eaving doubt whetkepresbaet esher stffamtctmygde o
acikHlwsen more important i s,t h@Q@ dadesern otondiies
bet ween fatty acids from different i pid ¢
fatty aci d compsoespiatriaotni ounn |loefs st hae pliritepihdadc | as
al been r eptohhdosd tstkeat oiues & Camaad cyusreas o f FAMESs

from | osses during Meneovdrn-MathawalGWsi si ng fec
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vol at i-llceg p aviemr yf atty acids with hawewn neofl teecru l
fatty acid methyBllrmsaedaldieoafviatbhizsa,t i @lnt ho u g

| arge number of commeradiealelsypeavail gblfercadlh
FAMEs, they can be easily overloaded with s
guantitatio®] capabilities

Moremda LEMShas become in an infcoraBAnghgl wsic

Hi gh Performance Liquid Cahmaolmbhshiog amlty d$§ HE
undeezedatciompourmdanverted to arelndrgdeern wmhlaerv
El egtrragynilzati on (ESI) i n combination with

of fered an alternati weo lwatyh ét-at a sodhtyi Av€e] alFn d d e
l4Mass spectrometry

Mass spectrometry is a powerful anaJ ytical
usi ng #tkehamaygsadzr adf oggner atedl bnemaaes dmp me o
an ion source and amzav asleupeasr aitreda ama®s danagl
i oni zation of the anlaltyttlee ifnr atighmee in® ead redoear p re
sof echpangduet he mastpealkunidna t he mass spectru
of t en t he mon et hé ardontolhear y omoduaclersc ee xg ens i

fragmemntatiisom,eferredand | aaglkaiknd toeairzadsulon

speatreat ypiaganeliyhei ot ype of i onization wil!/
technique used; iexsmrirdetetdbe Mmelt hodsngreedti o
Wh e n fragmert fiowmedsaparat e collision cel

di ssoci aaren)k,notwheyas dprtoldal c teepipdimsxdcealnl e d
tandmamsmspectr omet Mye (iM&d MSY) hat giiovnes rairsee tthoe
precursfolrl]ilansa triaheal WUg@r g Rptetlree mi dd|I e

guadragpoi® as a collision cell whwirteh tde 1
gasef ore entering the third analyzer. Il n th
and the spectra is more comphekebobt ambnedst
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Figure 2 - Scheme of a triple quadrupole mass spectrometer

There are different acqui MStioon MB6 MSs i de @
I n MS technique, full scan molbde wovosedel entt
s c,an | ions formed are detected, but when h
be preferred, where onl Muthe plenscaihnsi mboermr:
MS/ Mgroduct lon scan, precundosel entsdanega
monitaomni godioadic an modper ecur sor ion is select:
all owed to fragment in the collision cell,

the second maseraocat gaer .itoni osnc ains tshel epcrtoeddt

precursor masses are scanned in the first
t hat |l ose a neutral fragment are scanned.
anal ogous to SIM mode in M8 wheeé¢Ebébel mas:s

anal y#&s sk fi i direcstahlpyaosi das damdloe enaltarn
fondher MSO6MS&S, i s genfeorraltlhye aspepnlisiietdi vfel.2alnd s el

Al t hough dinrasct tsipefi@8cEpan be used for the

FAs, frtelgememdsé yof chromatography i s more us
power f ul t ool for the separation of compl
origin, and t heparreatneentteiro nf otri medeing i8] cati o

Col umn separati-a@abumrdancenrmalhe cludwvar speci e:c
i nteoactof many | ipid species and al so fac

species with identical fragmentation patter



141.Gas Chr omaNMagp athryomet ry

The basic operating principle of GC involves volatilization of the sampla heated

inlet or injector,followed by separation of the components of the mixture in a specially
prepared column. Only #&tompounds that can be vaporized without decomposition are
suitable for GC analysis. Acids are among the compounds that frequently require
derivatzation b increase their volatility14]. In GC a carrier gas (the mobile phase),
usually hydrogen or helium, is used to transfer the sample from the injector, through the
column, and into th mass spectrometer. The mass spectrometer ionizes thbagas

coming from the GC column.

Among the most wused I-M®1iara¢e i ®lnedtercdhmiiqQuRisz &
chemical i olnni zElt,i otnh e Chgl.ecul es i ni ghas phasc
energy electrons to form radical I ons. |t

energetic molecul ar ions where a significa
Theragmentation of the i1ions is u®ead tthe det
ot her hand, ClI is a relatively soft ionizat
i sobutane, ammoni a, et c) t hat is i1ionized

anal yhteesmost commono psedofteCpr obsioonoabtheed mol e
anal Vhies. technique provides information ab
spectra show | Mwl gdauwlgamnent ans orfor med by EI
energetic that theinthmamo|l epgeatlar shybot hpeeta k e
soft 1 oni zaltiikbema@leltedhne qrueisder ed compl ement a

usually plieciudart masmd.4fF the anal yte

As mentatotnyedater faldiytain@an alslechet hyl edbyeiGCderiv

wi ttlre mpempatogmremmdeirgi vati zati on of FAs i s pe
volatility of the substances, to reduce d
adhesion to the instatumeandl cobaushsuyctioomn myg
and to reduce tailing [ 13] . -sMaddecran, c acpo nhnhe
col ugnneery sgeopoadr ati Bea DFfomAMI ol ogipomdlar sampl

stati onarf yfexpchealsleesnt FsAeMpBasu it hameof el atively
stability, resul tifrog ilno nlgo ncdipaonl eat reFnt h aa e st i



betttheeer mall sltoankeerl et i but y.eskorpHmamg earnnad dyita

pol tay e the most suitable [8].
142. Li quhadm&t og-MapPdgectrometry
Li qui datcohgrroanp hy ( L C)i,gHearnfdo rensapneccei al @ y( HHPL C) i
wi dely wused technique for the analysis of
ma j rr-way twvesydawnclaldddadCo rtye cphrna cqtuiecse wi t h

bs

u
e
0

det ecthioodns nmeatv e b e e na naatltyesmepst.e @H otwoer vidlvA vde a k
or ptnioonf launodr es¢cerdtowprsemerittiiap & ¢t ri s cfoopui nc
e

etection unless the clTdmpg u nidiap rasrren-pdoeersi svaart

ol umn der iAsastuichataisone saferhk foinc atfi amp poropirnaad

a
d
c
strong cbBoomdépheradher @evaporative d1n ght S C
(ELSD) is an alternative to UV and fluores
and ot hert hpeo @i dlsa mdbalto w ywietmls i t hivs 1§ jnst hesac | i
[ 1.7Goupl ing l i quid chromat oogygpaphygome t h h ensae
detection dalffowssl toesbbadn rich detection

identification and quantification purposes.

El ectrospray ionization (ESI) and At mosphe

are soft ihnomiuzat dewvwet epled to make MS suita

the effluent from the LC is passed throug
vol tage is applied. The parti al charge sep
produces i restlabgiuliidt yt hoaft trhesul ts i n expul si

Tayl or cone formed (Ritg@rdeenebpl bEKiptgrgaami | |
hel ps thedichaciged dr ogrl ee ls,e daocswad klspoa tstpeesuendts
evaporati A® tphecessvent evaporates, the dr
charge density dlneccteracssetsat iVWh erne ptunlesi,on exce
t hder ops diisnitnot esgnuaaltléeesr. sluobnns pfaosrsmetdh rtohugh a
cone and extraction cones (skimmers) before
mass anal yser. ESI can produce negative or
applied el[eltl8] iEcSAIl ifni eplodsi ti ve mode shows M
protonated mol ecdoft antkati positismeHhenhtghkp



tendency of I|ipids to form adducts with sot

mod e, the deprotonavMddndnobkemel aarcetaat ensand
adducts areo6often observed |

lonised
Liquid (+)
Heated
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Nebuliser ~ 50V
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Taylor  perosol
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Figure 3 - Scheme of idmation process with ESKLecture note EMQAL
curse AM0912 AFundamentals of mass spectrometry and hyphenated
techniqus 02018.
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APCI and ESI are similar processes since b
pressur e, nebul i Hawewver andheemodeadi ononi z a
APCI the eluent comi ngnfdr darmh et weyplea€ npsedd s p
with applied current t hat generates a cor

mobil e phase are ptéeomioaewa lryeeaygoeanott egdassg n d
t hahenal yt e [molllJecul es

FAs have bedrctMa(nEaliwlsidcabdyeom vati zi m@asmet hod
advant ages i n terms of sensitivity, speci
sampwlestrlee mass spectrometric detection pro
resol vedl wtri Mfgl.PJleakeugh LC reduces the compl
any given elution ti me, il oni zatioppsmppres:
Sam e matri xmp cwred wu,t itaaddk caraons saf f ect the pe
mass detector. | tt heabse bmaeinn deeanosses bofat sdm s

change in the spray droplet sol wtotlde proper
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|l ess vol at i.lTehei mtaesrsf eamrchceharge of indi vi
I mportanitn hiaecean ossppressnAhl poendrhers i nfl u
i oni 2dtfii@en encyamds e temaloytseer vegd20azdlla | oss
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151. 1 deal conditions

I n chr omateo gcroammployn,entt s are distributed betw
stationary (st athieonatrtybrd lamppeh aswehi | mo vte s i n
direction. The distribution of an analyte

expressed by tkheandneBggdomiedmact or ,

q G EOEME OADRD QWO QD IQW
ChEOEME QD DD IR Q Equal
The retention factor can beamd f ebb€&knesys
s ationary phasWhaeawmodn dtid mmpelrsataurree , Imakmt ai ned

i sot her mal GC amdensoonafiactb€ tbBeatso giyv

ti nkegu(@2amdh Eq3xrati on

0 0 0 TQS— Equa®dmd Eqa
Wherrrestt hieom ettiemag of ai Eloenpobumée, wivbnhchan ana
the col umn. tTehret i aodh) utsitseedt (ree ti me t he anal
stationary phase and th® hoetdafihppanrdti mer etraidn
anallFyitged( B.)

I n chromatographic t hesounyed tthoe hpaevaek sp earrfee cL
shapes. Measures of resolution and efficie
chromatographic peak width. Peak width can
Figure8Bheegpk width w)ti sbasalaing defined as

devi adli)ons (
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Figure 4 - (A) Representation of a chromatogram. f&ak width definitions

The degree of separation betemeeerny ttwoee ohersone
(B . Adeghat weeRn adj acent peaks of i nteres
devel opment of a l|liqgqui2d2)|dhleetRveogr a wioi @ e mé&
and B eaciEdeéddnbereand sgre the retention tim
respectipyghe syme twhe peak width at the base

. GO 0

Y i] ] Equat
Two factohbhet wkekaect wB peaks: the distance b
the average peak width. Thus blyetitnerr esaesp aarga t

di stance betrwebeyn dehcer epaesaikmsg ot he peak wi dt h.
- Selectivity and efficiency in ideal condi

The selectivity om tneloatpievadk srtehsea @t if ammch & ©wWe
expressed by attci®rseparati on

T o £ 5
T 5 aua
Fr oEnguadiitoncan be ssaen btehathctrleaskRd by i ncre.

in retent i oonmpboatnwdevehr clihy enemactys@rm st m@ gt her ha
Rscan also be increased by narrowing the pe
width and is traditionally r ep(oNratnedd tbhye t h e



hei glqtui v aalt & e toarpeldaitce T(hHe) t heor et i cal pl ates ¢
sectofonass wbkeumna partitioning of the analyt
mobile phas8e¢The cilrast el elpeinglent on the col umn
pl ate Numiher smal |l er the memlgdart ,ofthhied germeat &n
i she ef ficoil enmmacifequeda nndh E qreaxtpilan n t hese conc

. 0 o 0 :

O POz (@] 5 Equa6damd EqW
N is only meaningful as |l ongptasonlsntamdat agirr
the run (mompbsei phasealndi sempermalur 6C. or i ¢
the three factors | eading emcychroenad otgir waiptt

retearnte ou mntahrd nzéelwdr ¢ g2wdalt i@ on

Y U'f' p't'~Q Equa8i
T | Q p
Efficiency Selectivity Retention
I n order to increase resolution any of the

i ncreases prolior darmoN al hgr emaisten proportional
increasing the I ength of the csolhuowkoigwi | | i
efficiwmekn snllyw. | mprovhogéleil eangiiny t he
composition (LC) «rol umof ttcelse omasodogrcaphice t o

resolution.
- Band deernaang and van Deemter equation

Band broadening is a phenomenon that reduc
separation and is caused by thrleedinmaiumsifoac

and resistance to mass transfer.

Mul ti pl e Tphaitsh st e(rAm :r ef er s,wthe r & h ebiaftdhlesu ewni ttpha c
sl i gdhtflfyer ent | engths exist. Solute mol ecul
elute atredehteBmattli meol umn particles and |
packaging willTheduwlet itphlies datch oef fect i s i

phase velocity.
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Longitudinal Mdi eétukesn YwB)ch are constant]|

phase, wiyl Ispgreadu alult because of di ffusion
compoundwt he t Bes peabky hehi.lsr Ddafidfseencetdf e c t ([
proportional to the mobile phase velocity.

Resistance to MmhesekchaBs@er ofeOp :tnhoed encaubd iel eb e
the stationarngnghfagemolakes! ¢i me move from o
It must first diffuse to the interface bet)
trapped in t he nsotlaetciuod neésshgp lpdbshes €wit lhle move f
down thecaemmtuimmuti ng tdnbaedsibmgpatdaeri Mfd.ow

i ncrsehseecontribution to spread by resistanc

Thenv Deemter equation put al/l the terms to
vel oEqug9j 2:5]

., 60
O o 3 00 Equab
Where A, B and C are the three terms contri
andi s the mobil e ImhalsCe tvheel occaoltuymn f |l ow r at e

mobile phase velocity. The ed FiemgthsTehef t he

opti mal mobile phase veko€ibtay asl| d6oalndmiwmhie
meaning that the deEiquattidwe i s 0 and is giyVv
0 ?_, Equalbo
0
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®© 1
Resistance to mass trasfer a1 :
1
T Mobile phase : A
———————— Interface — / : —_I--h—-__-_—_ : . - B/u
é Stationary phase mobile phase velocity, u

Figure 5 - (A) Schematic illustration of the three effects contributing to band broadening.
(B) The van Deemter curve.

152. No4 d e a |l conditions

Of two different mobilgphases, the one that gives the lowest retention factors, k, has the
highestsolvent strengti{also referred to amobile phase strengtij26]. Due to the

wide range of polarities of FAs, choosing a high solvent strength will give poor
separation of the least retained compounds, because the last factor of the Purnell
equation Equation8) become too small. Choosing a Iealvent strength may give very

high retention factors, and therefore very high retention times, for the most retained
compounds. The solution is to use gradually increasing mobile phase strength. This is
referred to as solvent programming or gradient etutin reversed phase LC, increasing
solvent strength is achieved by decreasing the polarity of the mobile phase. In GC, the
equivalent to gradient elution is temperature programming because temperature has the
same effect @mobile phase strength in LGince he retention factorkj varies when

the chromatogrdpc conditions are not constant like in programmed chromatography
the equationslepending directly or indirectly ok are no longer valid.nl these cases

selectivity and efficiency must be redefihe

12



- Sel ecti viidteyali nconnodni t i ons

Retentionbasnedeéxof Rhpmol ogous series of ref
applied in GC for identific@KIlwbncbfianbdhygt
on tahlek ganrees wel | esttableitemdad otno i maeeolrnof or g:
i sotheymahnd@@ irmership exgasndsthet weaeenbelrogft

members of a homol ogous series.

Y A '
OpnasoQ a €0Q ¢ Equatl
The RI of a compound under constant c hr ome

wi Equatiowhkeset he compozursd tadifk amnetc ewridisdin,
atoms eluting befor e zt+hles dadtnkpaonuentdivaotfhoinrst e r e

eluting after tHe&.7dompound of interest

The whils deveil ospteldCbroa || lrdbe e n e x tpernodgerda ntnoe d
chromatp®d8laphpbyogrammedecbhnde pi dred lwatgeino l Dlyi
and RI i,ana onreeM aaltindo beehiepst abl i shed using tF
and Kratz met hBgu afepoheaient ede bgi fference i
number orfaltlkhaen usweod as a reference whhnle the
Equatit]l]®m , 3130,

0 0

YO I ———1— ¢ E P
pnmo 5 a qual

Particularly, ftabhythei aanamegs hgd witvsa leernst (cFhAd

|l engt hsar@@EQLh)e dementi ong whnalrex tstyst eet ent i c

compound is descraithuedatredal asttirvad gthda tcheai n FA

compoynr®d§ 3 cal culladg mwms itso atnkae calaul ati ol

mo dicfati on eh ©Dbel Vamdd Kr at z[ 228]jgaai Pponcan ¢

By definition 18:0 has an ECL v[@a3.2 of 18,
0 0

000 &€ ———— « Equal8
o o

tryl S the retention giime tdife aetempoaondti me
straight chain >aAndk selt it mbgr bef ocar bons in
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chakegnh stthe retention time of a swaanud at ed

nis the difference in carbons between the t
The fractional chain | engtdh t(He&Lnet esntainocon h
aci ds. Il s defined as the difference bet wee

ECL value of the unbranched satur at3ed mol ec

Equatébetwhi s concept:
60 0@ OW Equatd

whexies the compounzd so ftt huernatdeerde sft ahtathyth ea csi admew

number of carbons.
- Efficienicdyealn cnoonndi ti ons

Pl at e number and pl aapplhicpglbt eaptes nwhelno nt
chromatographic condit,i wossiamel antexpnss$ aino
desedi bt he separation numbelr3.3&]nTch et hsee pafrfad a
number (SN) express the number of peaks th
t wo comweeanetmbers of 4§ 3HAPMove ogepar asteb@® snum
cal cuflradBgd atlibonwheg menth,:ay e the retention t
members of the hozmokedaubosserreswe@gntdhvely,
Wh(-aihe the respective peaks widths at half
0

0
YO - ;
2 0 p Equalhb

A high separation number al ways means bett ¢
not mean zero efficiency. Boef c apuesaek sS Nt hiast dce
separated between two members of a homol og
separated when SN is zero, which means t ha
can bring probl emodfedd Anglad udea pnaard a tvie@am dn u mb
i's t hsepepeaknr boong¢g(eAAACMeasure that i's zero
separation betwamrd thaet hoanlod wlgat,es t he nutl
resolved peaks with a resolutiopeakslt h@hbhu:

can be separated with chrbmpmat ogoamphiuadr é
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homol ogo,amnidéani & daldqud aft Badinew,e s t he peak
width af2B8@seline

. 0 0

v 0118)0 0 Equalé

Since measures -odea&lf fecemeaintciyons armoe based

of compounds, there i sreat elnitniko nb eitmwdeiecne se fiffi «
on the same series of homol ogs. | f both r
retention inditgsesPBCataeni hsehewiEqubadéived as

wherpeecv8 t he peak width at baseli2rlg expr ess

6660% Equatlv
Resolution, peaks per carbon and equival en
equati on:

2 Y%#t0 0 # Equal8
where &ECL is the differ enRBecauns eEddl iibse t we e

under programmed c @audlmethgmuster esivnacne [Ne @ nst enro t
i's not strictly wvalid.e Hlowevia®agaoiintg fiusl pvoaslsu
repreddarti mysreparaft itome el f BNi eln PPy, C sausc hs haosw
Equat19on

P 5 2 50 Equal$
(0]

o

C4

Thi means that peak width in r etteontedvoanl u antdee
ef ficTiheenced M ecB sand n@e airne pirhoeg rssammeals cihm o ma't
i sot her mal and i s.oclagrceofnadrhdea o mas ogrhaphyar e

i sroact i c/ i sot her mall | c lhreo gaotoalgrad sloy i n. pr ogr an
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16Use ofl dRéntfiofri cati on

Rl s taradi taippn alelde ftoirf i cati ®&so@pgo uanndasl yad eers b
tentatively i1identified fcrhomvieids toor isdari | amd
phaseBitive | dEAMIBriedat icompofhensive infor
both standard mass spectrd&oankex@Gé&pR@ssbn
spectra for manpy esomesi armeddCg ainyg HiIChiMISa r
i dteinf i cati on otfh eFAME BR3I.5Me@e &@s r e cdmebl eye nR
introducedc iphmMBevi Cnet aboil omi @€ sg@amadytr et he
stable ret®&nhtbhiodwetvari aklpety duwccieb iRIlist yarteh anrel
i nvari ant t o anpalswtcihc aas ccoonlduinini odco tmeexrsi ons
i nstriummarnd 8.6 ]

Accur at en porfedriectteinot i ol uadi e eato nmoany doefe tuinfkinco:
componmotdsavail abMedaealss sttiRdmslaayp rdssed i ah ef f ect i
for elimination of i ndoredecIlicdmenn tbaet i avles o dues

foorpi mi zation of el uti omr gmattceg rnapwd mcdt hopw eerdli

occur firmquempl goxeipnagmpi bke to test 1 f a giyv
resodrveldi dden und2er33 0t We c up eodne sopf-v eEtiCULe 8 1 i n
GC i s mor e chal |l enpgrionggr awimteld tcdmmpenradtogm e p h

i sot her mal chromathewsiapdhyst espwpetcthrapl phasebs
t hat deperednpeheat same occur i n LC wihieh gr ac
mobile phase is comatymnhivuoals|l gyormdiiatnigoimlg, &uct
al so have g3 Thef depeaeence of ECL values
camnomesliinmei t the possibility of wusing these
compounds. Neverthel ess, retenti@gmngpatter
chromat ogr aphiamn dc conyparalkeaprmpsamg of[t3en] |1 me the so
way, mor e uni quusee dr eftoern tia doenn thdesf tiamacahti ieovre d by ¢
the ECL valuesntobdhr olmatt aogo nathi ft fi eornes .
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l1l7Ret ention patwt @r €Chromalt ogr aphy

FA anaolyydes are usually doandeyiph cra@i@8hse pha
C8col uamaobi | e wptlsdwbdevxent s | i ke acest ompdlrad e
modi fiRRLLt hegui val ent c ar bhoans nluenebre ru s(eEACNg s |
estimate to prediacal cedluati eodha eolyr adtelr@Ni tRECENA |i (s

t feaetty acyls mmunmnsen wof tdDBEHDE hponds (

060 00 ¢O6 Equa2®

The changes in reE@Maven bwi&hidnt nidg eearsa tnigc |
LCexists a |inear kanhdEiCNBsths ,p Mblest weietnh il no gt
ECN group, l i ke 16: 0, 1Barnd amag I2lDe Rgihmg [tlo
sepad@24 @ECN is by definition equal to ECL
di fference between the two is that ECN i s
structiutrecaamndonl y hav ek Cildnetsecgreirb evsa |tuhees ,a cwthui a
ECL is typically a measured value or a pre
retention. According ¢t tsheuf ECN ad !l evd ,t hE @]
2unietda ti me a doubl e amohd WWhkeai "t scdscecgi me
patterns and tdwerclhapanaitto gir @ pvlhmed chretra ntth et ok Cc
rule fit to the abskatviedCEtChe lmda e bdwintder e d

var fhengchromatographic conditions. I f there
the ECL valwues, fithiersed ecmatni obne puaststdelrines over |
i mpaoarnt pealks al condicthiammgsand cLaCh thoe modi fy

chromat o@ma plthiec el uti on patterns of FAMEs i
polarity of the stationary phaseddadhad £&met i

i n iaaddon to the stationary phase, the rete
phase composition, whi ch i S an advantage
optimizati on. It has been shown that sel ec
gr adi eap[ndss]s
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1.8.Mul &riivat e met hods

181. Response surface methodol ogy

It has beenfound that response surface methadgy can be apple for accurate
predictions of ECL values as functions of the applied chromatographic conditiGias
[39]. In this methodologyresponse functions are obtained from experiments wdrieh
carried out by varying a number of eglictor variables fér instance the
chromatographic conditions) systematically according to a predetermined tpé&n
experimental desigrResponse surface methodologgn be divided into three major
areas: the design of experiments, model fitting, rediction. The response functions
are typically polynomial models obtained by regression, that liekréisponse to the
experimental parametef46]. Equation21 shows atypical quadratic equation for two
independent variablewherex; and x, represent the main effectgx, representheir
interaction and,” andx,” are the squared terms of variables 1 and 2 respectively

O O 0 00 O 00 O Equatil
Finding the response surface means Yol ving
varies as kwumicdabloems oft Héheinteractions bet we
al so higheredgr dermr mss puda] 2AET mai complrexaibt ¢ o
mo dwil | | i n crheea sneu mbietrh oifli i yahreitaewimetse rmarned i nc | u
To iomitze chromat ogexa@aphi cmme s np i rt dhieis obgess t  way
set up t heanddhpeoruigrhemmtessponsei suchacbebemselkaod

the response varies with the different cond
182.Experi mental design

One vari abdpepractacer tdiames back to the begi ni
research. ILbnhot &1 smiplaipppy oaaciht r ol aod|l ynoee pr e
of t hei & acl@yoirksdepi ng the rest Tdfihatsh esno met ¢
di sadvdntiiaagneesc essamurmlyerl aosfge experi ment s re
possiobfi Imitsysi ngi hhepopmi madtd®jeoni gt uafi esx per i |
refers to the process, o€t olpllpradnp Mmgadteh ed ad xap
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anallyy egltsa i c arl e smeltthionhgel ionb jveacltindg ea tanthusi w

the number 06 erpdecelheadadpeaeltismental costs.

The most c odnmmuol ntli ywdaeussieginesc hr o mat e g rt damed yf u | | |
fractional fcaecnttorrail a ldceodnepgeBBugriise d e 5,i gbhoehl er t

desagd mi xtuThe dacsitgmyael odesengapgplti gdt eowh
are the most amdpowh iaathh dfftacitamtr ssi gni fi cant |
experi menQealt rrad s wlotmPpoe hkt ermo rdee sfirgengsu earrtel y a

to optimize a process [dr9]t o obtain response
- Factori al design

I nfaffdctor i,Bl g@Ee&t e i noffl uelnlceexperi ment al
Il nvestigated. I kif atch®@rcsomli natoi dresv edfs ar e |
design wil“expenbThentlsefve2 s of t hie( nmiacuso)r s a
for l ow | evel and T+ e( pnluursb)e r f cod | enxigphei r di aametallt
i ncrewatéhe number of |l evel sscdmebea bmpbeéuc eod

appl ycnigomhalbuttemasymis;n | oss oafnrdienfue it thaenhi o

reliability of the results.
Factori al d eesoiogdn fiosr a sdali amsagmanign tahned siingtneirfaic
ef f ovtbe.vel full factori al design is applic

Pol ynomi al model @rofh)i géenndeygrodkdaxrhiemeld ndyp t |
appr oacHh etvee | ts. MreeskE egvne | f ulsli gfhacitsora adondpo si t
constructed byl eawglmeddadingn awittwlo addi ti onal

time and expense of replacifqg.8tfhe measur e me
- Central composite design

Central composite dest gdeusssegihinted imogs ts epcoopnud &
modeAxsi.al apeddédhe¢e of act ammi dalncdyeqpidgrat ec terr
into thdtgetded @Eatgt6¢ B.Gfeinte cainlty al composite
consi s ffsacotfora a2 wi t k&xfiaaclt oor add eprg opedis st s a
[ 5.0lhe factori al points are | mporwhaenrte atso tdhee

stmoi nts ar e eitmrepanitnentt hteo quadratic ter ms.
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exi st depending on the ddentaetrde &ft at he@ os hi
factori al pioding tsa rc@ea h (beeimsedqumtblea ) st emay poi nt's
l'ie withiofh the ¢$pater )ar tdlemsag gnaheae nfsae D eaf
factori al desdQDme@ldis n L& exfprea iweerttesi,s t he
number of | evel s, k ne drhe thhreebpduiccedtr efdafc t o
poi[ng.k]

(A) (B)

Figure 6 - (A) Full factorial design for three factors two levels. (B) Central composite
design for three factorand wo levels

183. Principal component analysis
Principal ARGaimpsesnenti PCA) i's probably the m
statistical technique in which a set of co

uncorrel atcead pxeanc a jprheerstcso.mplbieu &lilrys,t few com
explain most of the variation in the data
coluwmnsh each variable being a column and
M as t hrejatapl m wonfies earhle of t™MH el 2rhat r i x

0 on on 88 on 88 0N Equatg?
tis called score vector an(ojommumasgn cian fl erdma
| oadi ngndecbotain infortgpartdporne soefn tt hteh ev afrii rash

componeédnt whiP€Ch best represents the wvariat.
will smecaweperfect repr esedatad;e onemdi M nug i nar

f aciteonrcor porated into a residual matri x E.
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O 0 v U on EquatsB

The second principal compmoach etnlh e PICsiiisbu &IX t ma
cal cuwlcaxtoeEdjiuma@ 4 on

0O O 0@ Equatd

The proacagdont @ mtuiel the number of principal (

of the numbers of wvariables or objects.

Once scores (relating to the samplbes)h and |

clacul ated they can be graphically represen
vectors (score plots) and | oading vectors
possible to plot any PC agaibngvts aPrCyef ot her
correlation between the variables is | arge.
| argeipmommdr tt he total variance i n M.

184. Mul tivariate regression techniques

Multivariate regression techniques applied when a responsariable,y, can be
modeled from a number ofx-variables (indpendent variables ropredictors). The
regressions can be performeuectly with the values of the variables like ordinary
multiple linear regressions (MLR) or thxevariablescan befirst transformed into a set
of a few intermediate linear latent variab{eé¥), and thes&V are used for regression
with thedependent variablg as in partial least squares regression (PLSR). In Ph8R t
latent variables are extractednsidering the maximum covariance (commonaree)

between the X matrix and tlyavector[3].

Toevaluate the performancebbéainha madgé ano
predi,crioess validation is the most aofommon s
| at ent variabl es for prediction [i2]ilsn al so
cross vaheddataset wiitmt -0 so@foneecratgpspr ® x s mht e
equal si ze whHderesite sked § e gaoteifiobnE oot Wall Sdegment
l)alled the usread na 1 gs d@loit horags toal hteh emondoedl e |

created is then applied for prediction for
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mparingypradidctmgphsuneded oéspowngsiThevariab
ocedure is repeated unteddtal IFisneagmheynt s hhes
al datoend t he yig.3i1 cddalasl | ( objfecBs i somipjiume d t
mber of samples thetmetrhddlilscaecalslsed al ¢ al\
common way to evaluate the modelofperforn
oss validation (RMSECV):

2-3%#6- w0 EquaZgh
ot mean square error of cal i,boatioon thRM:
l i bration residuals, where th2Z] calibratio

uad lyretreat ment or wei glhotnienrgdledrf wJtadre ab a e
ve thefsam@ceommont e o hgptpd ngcha riwdi erae¢ i eac h
riable is divided nbhy Metasn ,avverat ®trd rhdga rnte adve

btracted from each variable is another cO

]
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19AIi m of the thesis

As explained in the previedesredcmeomod GOri
of fatty acids. The aims of HRhWGMS wamk bar a
compl ementary tecHibi,qwea tid GG amdh GE& a r e

techniques. The wog&kalhas the following sub
A To sthuideyh wqual itative information that ca
Spectr a, and how this can compl ement or

ioni z&GENMD.n

A To study whet h®tEIMSe adRIGMIMSs afrreons ui t abl e
guanti tdateisyve wsttdnh partycahdr di 6tesenoes$in
(detectiaomearaemysse in fatty acid analysis

pl enty of sample material)

A To study how chamenta¢engrapbdi cempmo Isteretngt h,
gradi ent) affect t h e o mad fefgit chipdmro apjaz a nedr aan

ef fi ddeetneccyt or). sensi tivity

A To study the feasibility of ulsCngf reFAent
and whether the retenfrom mpmatltteuharcanrhb

ECL values acquired on GC.
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2.Experi ment al

21.Chemi cal s

Met hanol (HPLC grade, 9HPo, N%e%)w eAv@d &t opnuirtcrhial see
grade, AZ®2t®M)e, ( GC grGhdeor oXmnrSaa)e GaCnd9, 0 %) w
purchame®&i-gmar i sbpr dpaCnodr mdeni,umA acet at e (
Gr ade, O 06 )i c a-MBd gX adweer e purchased froc
Tetrahy@dbcLG&f gr aches pur c hasleacrfen obrg dMeorcchkl.or i ¢
acwedre purchased fr omwaDBoifoinmaz, e dBewagt€enr Nwa s

grade and puQ idy sstdem nf raoi Millil i por e, USA.

221 nstrument

DIMS aHhRIGMSanal ysi s weorme6 4028 r f oo g d unpposise
spect reogneitpepred with a SiampElepameps mmdz atuit @r
was used in negative mode for the analysis
of FAME. The instrument sewhecoeerianboprdmoni f ol
modes and for fragmentation stwmdieed iiom mracc
ol . The cell accel erraameare wvwali tna gdid Waermadn dg aés | f/
respectittel gaandemperature wad h@@mdiUCi oinns a
are deismaricbeddeaalh | pamt iNiutlraorg espescet@iucanse gas
curtgasnd col |AfsriaogmediaBsé.r V, needd500voMVtamgdek
nebubBbewesrie applied unless . i héereandcoi aon
column temperatures and mobil bwi phadest aoms

systemomwtasol |l ed by Agilent Mass Hunter (B.O
23HPLCol umns

The following columns were used:

T sSB ¢c18,8 Omm ARg{MBOthod devel opment)
T Zorbax EcCli®sel XDBOm, 4 MExHodmueAgilogment
T Poroshell 120 EC18, ,2,(7Mé&tmh o B . de\s5e)l arpmrgti )
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T Zorbax Eclipse Plus ,018 Rami d2.rlexssdl umm o A
(Sensitivity and linearity)
T Zor bSaBx ®R&pid res,oll,u8t i ®m, HD. 1x,5(0EELhm oAgi | e

chromatographic paramesé¢énsi@asd retention

24.So |l vseynstt e ms

Di fferent sol vent systems including sol ve
( MeOH), acetonedr®fCIO)r amd( THE) almgr e used.

- For i nvestigat impat toefr nfsr, a gbeeOH awd o nused a:
analysis of FFA and MeOH+0.5% of formic a
- For sensitivity and l i nearity-MSt wdise s, 1
HO: (ACN: MeOH 50:50) 20: 80, gradient : 0 mi

100 %a Bdhfel ow rate 0. MSmlt/hmi nmobkFdre PIhases
ACN: MeOH ( PSS B AdOH  ACN: Me OH 5 0DBMS0XYMH30: 80
with a flow rate of 0.2 ml/ min.

- For effects of chromatographic parameters

syesmms of similar polarity with | inear gr ac
applied

T HO: AGN :i5cr e alsOiOAEGNt o

1 HO: Me OB :i7n5c r e als0iOM@g OH 0

T HXO: AG® :i6n2cr e éBs5i%CyO t o

T HO: THF 55:45 increasing to 60% THF

For thmd iewalod chromatographic parameters,
UC and diff er(etnitmegrraedg weinrted itnoesi ncrease to
the orgadircdfs otlovez2ndt )mi nGbesrwéeereattesnt pdtter
fosol vents system mentioned above wWhere us:¢

and a gradient time of 20 minutes.
25.Sampl es

Alsla mpplreespwme @& ssol ved sthomMa@®dHBE@nNC
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-Met hod devel opment

FFA and FAME singl e fsrtaamQderkd sP rnwekfr A& aMNa,t ai n e
samphed mi xtufF&EAIi aoduF®tM& 24 caomossatandt &d
to polyuwasmptapaned futoimomss otk S omg/ ml i n c

final caoanoénapptbmi maetehayn o6l0. Og/ ml in m
-Sensiatnildi inteyar i t vy

Reference mixtur e$£:000f, sla2t:uwr,atled: OF,FARQ: @, ah®§
24 :wWere acgmue@dredad ockomol ut iiomsc lolfansdfrmg/mml
diluted wath7méeekheahel(offréocno nc & 0 Orr dii mehtsealpyp)

for calibratiwascusedsasFFALEr 0al standard
approxi mately c3a0 ibgamd@Easarcte aomcanteir @iivem

Appendlix direct ie@exusaomeadamadmwai sgram (EI C)
to extract the &raedeofll €adh athahopnoad mdga wrmr e n t

-Ef fects of chromatographic parameters

The referenece7ed 3miGxNeukr r pC MN, USA) containir
FAME®2: €, 0,1n5,4: 15: 0, n71,6 :107,:nfA,6 : MB::r®,, ns8: r

n-6 , b-8; 3b8; 320:n®, 22 AB; 32620Gn4, B 5

22: 0,n922:2B; 42-2; %n32; 23:0, nd: Owasarmcdhndferlt ed
FFAas explained a md nSael cyihsyeddidS A sbng di ffere
chromatographic systems.

- Studietse mptfa tatner n s

Reference mixtures, single stawvedasndgaaerdta
retenfiaomyofaci ds. T hsr evee rree f LIEASBMABE @UBCIXt ur e
frdaNmeChek Pr &pAanMN,Bacteri al Aci d Mertohny | Est
SigAmladri dhree mixtureMl XMBX WheMeXipghpaded

standards in order to anal yzuen dsse plairkaet el 8: 3t
20: 3. Ei ght , cad giareg sfarmprhepr evi ous asdudi es
containing different FAMEs were also inclu
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converted to FFA and spiked with @:0eferen
14: 0, 16: 0, 17: 0, 18: 0, 20: 0, 22: 0 and 24: (
weramallyweM®& iwt h di fferenThesol amaimpp| et ms .

exception of staheursaanepdl eosn evsh e rwaetththetya iwlee e ic

Tabl e

Tablel - Samples and fatty acids analgze

Fatty acid

short name Sample
13:1n-1 MIX 2
14:0 20H BAME
14:1n-5 GLC 739, GLC 461
14:0 20H BAME
14:0 2-CHs BAME
14:0 3CH; BAME
15:0 2CHs BAME
16:0 2CH; BAME
16:0 20H BAME
16:4n-1 ALGAE (PSL006, PSL041, PSL027, PSM020, GVZ
16:3n-6 ALGAE (GV23)
16:3 n4 ALGAE (PSL006, PSL041, PSL027, PSM020, GV1
GV23, GV25, GV27)
16:2n-4 ALGAE (PSL006,PSL041, PSL027, PSM020, GV1!
GV25, GV27)
16:1n-7 GLC 739, GLC 461 BAME, ALGAE (PSL006,
PSL041, PSL027, PSM020, GV19, GV25, GV27)
17:1n-7 GLC 739, GLC 461
18:0 120H MIX 3
18:4n-3 ALGAE (PSL006, PSL041, GV19, GV23, GV25,
GV27)
18:3n-3 MIX 1, GLC 739, GLC 461, ALGAE (GV23, GV27)
18:3n-6 MIX 2, GLC 739, GLC 461, ALGAE (PSL006,
PSL041, PSL027, PSM020, GV19)
18:2n-6 MIX3, GLC 739, GLC 461, BAME, ALGAE
(PSLO06, PSL041, PSL027, PSM020, GV23)
18:1n-9 7-OH MIX 2
18:1n-7 MIX 2
18:1n-9 MIX 3, GLC 739, GLC 461, BAME, ALGAE
(PSL0O06, PSL041, PSL027, PSM020, GV23)
18:1n-12 MIX 1
19:1n-9 MIX 1
20:5n-3 GLC 739, GLC 461, ALGAE (PSL006, PSL041,

PSL027, PSM020, GV23)
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20:4n-6 GLC 739, GLC 461, ALGAE (PSL027, PSMO020,
GV19, GV23, GV25, GV27)

20:3n-3 MIX1, GLC 739, GLC 461

20:3n-6 MIX 2, GLC 739, GLC 461

20:2n-6 GLC 739, GLC 461

20:1n-9 GLC 739, GLC 461 ALGAE GV19, GV23, GV25

22:6n-3 MIX 2, GLC 739, GLC 461, ALGAE (PSL006,
PSL041, PSL027, PSMO020, GV19, GV25,GV27)

22:5n-3 GLC 739, GLC 461

22:4n-6 GLC 739, GLC 461

22:3n-3 MIX 1

22:2n-6 GLC 461

22:1n-9 GLC 739, GLC 461

24:1n-9 GLC 739, GLC 461, ALGAE (PSL006, PSL041,

PSL027, PSM020)

I n the cases of t he same f atthhey aawvd rda gaep poefa
cal cul at edwvaBCluswal uens t he(dbataseextbustbe s
by GrubAkl teampl es wereomrcemanrad i oo affiapa
800 O@gswmim of alandodposumidsdd in MeOH.

26Making FFA from FAME

Approxi mat eAIMEs5 smgnpdfe Rvere heatedllaM 90 UC
di ssolved in 80: To®rEtIOthoAlrs: Aft er cool ing
m| 0 arthd 1 @@l )Moefr eHGldded and the sample wa:
1 ml -odt drmse. Twee ee xctormbbdtnsmd t ame thaiosat ed
undenert at(Mo S phkberreemai ning wa s di ssol ved
concentration was adjusted to the study.

The conversion processwi twwaas anoonitgridlelnegd 7By
chr omat odrldp Hd ewietch or. The (ismjlactt iradant iZ2ao0iled Ow
Uxith an injecti dmevolvieme pofogt a@l@mars 2 he f
mi nutesUCmhent@hd5altemi nl 6 ZB6O col umn usec
DBFFAP Ageiclhennotl o0 e x 25 0anCm hixswaBh25c@&mr i er

gas.
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27.Software and Data handling

-Agil ent Mass Hunter (B.06.00, Agilent Tech
the mass spectrometer anfdort ol @omdarsiatny ihtei \pie

studi es

-Sirius (version 11. 0, Pattern Recotgmda ti on
experi menatpapll ideeds ifgonr o ft hien stgraud mieamnhtgssénc t i on 3.
(Screening of 1onization settings for FFA)

-MS wwent (Stanford University, http://pro
was used to convert the data for maftorfrom t

I mponto Clr dmwovwx chr.ombox. or g)

-ChromboxndvefQesed to resolvdentinftyegt atee sa
compounds from the spectra and chromatogr an

-Chr ombwaxap®!| i ed for response surface model
(ECL) and efficiency.

- MATLAB (vengibon MR2ZGworks)/ PLS tool box (E
Manson, W&a)s used to perform p(PCanpal cor
parti al l east (sRWSAR)EKMr amgax swa®n®wl so run

Matl ab version.

Once the sampll aersek dsepreect r aaweheoonbtiacakdspect
wad mgeer ated and the compounds were resolved
with the theoretical spectra by I[&8s5td]squar
appli &€dhr dmb.o x T De program al so appl i es dec
resolution of overl apping peaks.polshe tbhae i c
raw data matrix X into matriincersowe ovnetcationrisn g
chromatographic profli5l9dse, rc,suiln daol vamni ivwect

species wittiht itehseiarndi dceor r esponding abundanc
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EClLval wes e obt aCmreambforxarmd s program convert
retention time sbgl secolnadedled i pé&n)salnda c e s

cal cul atteld hpealh wet eirhtei pre aikn dagpxe xu nvatss .us ed
the retention ti meatandd ftahe yu mbcri adnsc Tvieszkr es autsuer
i ndependentvavaababkbdef (tshet hreeftesen caen dc a nmpeo L
dependentyvaati adbbled (sot heh&®l codrdsmendifng
These regressions wisdilngitvier au gdmoagdtdh ndhse wde
the standédtdrsentegrata olni satn do fcfanldadblrvait thhe n c «

its retentsi omtian diedes wa

Forhe sttiuhey eddfheaoctmadfogr ap,lCihe omap@pedt mir ser )
wagssed f ort leetpteirn dreesnigganls , creating the respg
and to calcul ateAmbdelodéi $s wahMHRaediifeoubk at ed
guality of tahse v gplr eadtilecet i bepet wmeerarnors qURM S H)
cal cutaorc@dqmwmapowmeset he number of experi me
angli s the number of regr esTshigognu aa eealf fciocrireen ta
coeffidfieam {( Re | i beawgankygwassiadm o used a

indication of the precision of the model

YOYO — @ O Equacté

For the retention stgdwerthmywnh@Rakeef one ECI
out was selected as method for c¢cross wvalid
(cross val i dataicecmdEdweareed odithtea innuember of | at e
was selected wbehst hdvwvBMNMSIEQ@¥hg

Mean centring (the meanstvaanlduaeréde azeat ¢ ommuiba b la
was divided by t hewerset aappl khe ad e vadbd teie@nf)or

mul tivariate regression methods.
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3. Results and discussi on

31.l ni tisahdd m®td devel opment

A direct infusil omguimet cdhd omatdogr aphy met ho
devel oped t o aeiatlhyere dsatft fy€&da)cfifadst,tyy aacidds
est(eFASME)I t waesd etxhpaeto tdrecsweps of codo nepsotuenrdss) (

showed different 1 onizatiddnfrpte ogontdoi tdso nasn d
anal.yzaperde!l i mi nabrotghsd wpld es f c oanmpaol uynmlescE Svle r e
positive and negative mode. Di ffement mo b i
typical organic sol vent s l i ke acetoni tril

settings wer e optimized Taoppbyudyg e K peqgruiame
i nformation can be obtained from ESI spectr

i nducecd adtiisosno was al so investigated.
3.1.1. Di r mdtusMacsBpectrometry
- Selection of the iPonization mode

I n a preljimisnagy estsadyl| eofsdifort owmdc dmmau nc
chain (FFA 12:0 and 22: 6amaddyy-FAMBEppRyOnand
ESilposiatnidvenegaBegée medel ts were expected f¢
duet hteendeftay box ytldb eapd bidoendOn t he contrary,
group of FAME haseniamaddmc yt htilogy Zieemly p b®i t i v e

mode.

Considerheapeé6ffka tvery pure -ligmalanaf mi me mfa
fragmentatiwhme nrt hagdalwie se-dESilg &€ A(B)) . The

hi ghest intensity was seen whalnhadelOQHz evdd s U S
ESI + but theerntessi cyYyewasspbewtra was obt ai
in the spectra forankFA M#230lh weoer ¢ Mpamds t
COOH adducts and TYaonrd HPRW 2232 6e JHM+raBijch gN & o

adduct s.
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Regarding FAMERewkteas obbras peod(Eii g diCe) .t i ve
Formic acidtwas mattdée phase in order to p
FAMEs obtai nisngntahe ulsiigqplge 0t. 5% formi c aci d
that the use of an acidifi édoweyteheentsiigmarl e
of the sodi uifwasdiurctmdsvi+ Naff t he cases highe
obtained i n RAMEs aweatledayss emlbgati ve mode.

x103 |-ES| Scan (0.386 min) Frag=120.0V CF=0.000 DF=D.000 12.0 FFA 50ugml ESI- frag120. | 103 |-ESI Scan (0.386 min) Frag=120.0v CF=0.000 DF=0.000 FFA 22.6 ESI- Frag120 V5000.d
£ 7 -
e300 . 3273000
o (A) i (B)
5]
2]
4
3 2
24 2]
1 1
421.4000 283.2000
0= T T T T T T o i T ; —L T T T 0 To— i T i T T T T T T ; T i T
100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500
ounts vs. Mass-to-Charge (m/z) Counts vs. Mass-to-Charge (m/z)
%104 |+ESI| Scan (0.359 min) Frag=150.0v CF=0.000 DF=0.000 FAME 12.0 acid MP ESI+ Frag.. | x10& |+ESI Scan (0.368 min) Frag=120.0V CF=0.000 DF=0.000 FAME 22.6 acid MP ESI+ Frag..
54
215.3000 24 365.2000
- (C) (D)
2] 289.2000 154
34 1
2
0.5
14 149.0000 L 4539000 l
ol 222 4000 st | atr2000 | N
P s e s i e S ; T ; T T T 7 T ; L—— ; 7 ; T T T T T T ; 7 ; L
100 125 150 175 200 225 250 275 300 2325 350 375 400 425 450 475 500 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500
Counts vs. Mass-to-Charge (miz) Counts vs. Mass-to-Charge (miz)

Figure 7 - Full scan spectra (A) FFA 12:0 ESV1eOH. (B) FFA 22:6 ESIMeOH. (C) FAME
12:0 ESI+ 0.5%HCOOH MeOH. (D) FAME 22:6 ESI+ 0.5COOH MeOH.Monoisotopic
mass of FFA 12:0 200.2 Da; BAE 12:0 214.2 Da; FFA 22:6 328.2 Da and FAME 22:6
342.3 Da

After selecting the i onizat:i oRBfSdmodFEFA oandes
ESI+ fomewAMB mMpowmhd yesedg MeOH as sol vent
14: 0,18:80,0022: 0,0 20H,0,0b8,81 0821 ni6g: 2b-8: 3

and fE@8:3howed a ver ydepreatmoodaegandolanr-H]fM t h e
Regardi nghaE AME@Inear r e stp@MrdN@doThmo | e dwlnar

[ M+Hjapr esve htbowenrt ensity

- Il nvestigation of twieMBMSagment ati on patter

Wi t h t he aim of getting mor e iFPAfsbhenat i on

fragmentati on patterm dviafsf eirremdas td ghayt iedi oanp
MS/ MS The ¢ o mpaonuanidyss ewlecroedi on ,wh a nneonhaedceu | ar

i on selQdctiesd ciodn |l i sionally ,@aQand atmelnti nad he
i ons f oarnmaeldy @eiida eweee test ed\Wfirnocne 8 lbteo o50 i m

may wath the |l engfhbh6¢f the acyl chai
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Veyr | ow fragment at i par twiatsa tsaetehng fsoart uRFaAtse,d o
of i ncr easiomMge tfhreagment i ons were obtaine
compoundanawerz&mda g me nntzs5 9 a raonudn ds /an@ wie me s

pr esdeemtot ipmgeg stemea@E@Qaonf@HCHC Qr espectively. D. P
[ 5mhkes refereawocé& itwo kBenizdi8§ mawteailitge r emot e
f ragmentthaitsi ownass, seemMFA Nnkso2@: © fwa tdne 22:r 0/, | D
i nt egsictoy.ding to[ b8]Kreagumemizt8lamadat07 can
seen inNB. 180n3t heamtah@n 6bamadd a maRé5i cthaeanse
beres &iriA 8 n-G. I n the compounds anfrhd8 Yyswds t he
obser FERABMABFiI g8@Y;18nB8Fi g8tBI howehce fragment
amz205 however t hei r Eivretne ntshi détui gelgs mewneeraet i lomw.
| owemohounsat ufrraatgende nfnzBi 9 nasn dat8 3 whenr e seen
1ZFi g8 B®)land nnd(Fiogr@¢ wi t hoh e,8vhe¥h can mean
tdonat t hese f aagmertosmpaoruends with a deubl e bot

Fragmentationhienouembeeddswi dioubl e bo
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Figure 8 - Product ion scan spectra obtained witlifferent collision energies (ce)Al FFA
18:3 n3 ce 22 eV. (B) FFA 18:3-@ce 20 eV. (C) FFA 18:1-@ce 25 eV. (D) FFA 18:1-h2
ce 25eV. (E) FFA 22:6-B ce 12 eV. (F) FFA 18:0 1QH ce 32 eV.
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The highest number of fr amg3rfeing &¢ Bilats waesen f
al so noticed that |l ower ce is needed to gc¢
Fi g8 ésshows particul el fI,aghmehtandnad553Atfor
fatt g8a6iHd 2

Regarding FAME, in a first sselpgctMerOgH [whisN a
as precurussoer iitonwabse ctameen tshprgeotr r a onTheofr agme
obt awame dextr.em&id ¢f droav second stidgp,i nO.Me¥WHf or
was used as noovw+riHjasephasteed as precursor i o0
the fr agmestiajeemear! when the siwgsalmafl eheth
thatsodf um. It was necessary to i hengthe tF
i ncreases icrompheaodgtear amoed fragmentati on. I

eV was suitable to get a total fragmentat.
energies ofr es0p eacntdi v3eOl yemzEBagmeé ha03lan85al7
wer e i n gener al present-pefakr soglahtzz 8 § mpdund

representing cleaC€Cagesghbé kbomdsecupbimeCTt at
Fi gOs kRotwiglei f f sirre ntclee spectra ofi8i $omrdsl1808p
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Figure 9 - Product ion scan spectra. JAAME 18:1 n9 cel5 eV. (B) FAME 18:1142ce 15
eV. (C) FAME 18:3+8 ce10 eV.(D) FAME 18:3 nR6 ce10 eV.

- Screening of ifomi #&tAi on settings

Mul t9d etlteiondsd be adjustedFoagmaet ori pobket ggac

vol tage and nwerud $ pect oaeaensicautciaaurs ei n t he 1 on
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h e nac ecter a | comp a<iltuaed i chegs itgva s e a.p plt awndd ed shi g
|l evel s were dted i nesdupatedofrdoomg y rsunuednteasl an
i mitations. Twhae tt dtdaMd psambginbedleetageach compoun
presentmiidtampe e cDns ati mkAmged: 0, 10: 0, 12: 0,
18: 0, 20:0, 22:0, 24:0)i DIEhSAVSe wp & Mohent s Wwe
UsiAM@N: MeOH 50: 50Theasl&oéxpati menthteepel $or me
s e | eacntde diath e atbasmd @ n 8 awia. e

Table2 - Central CompositeDesignexperiments, 4 replitas for central point. Fragment&0-
180 V, rebulizer 2640 psi and needle voltage 35500V weae the low and high levels
respectively. The abundanisethe sum of [IVH]~ of each compounith the TIC.

_ Fragmetr Nebuli Nee&bé&t Signal
Experin

V) (psi) (V) Ab u n d &b
1 Center 0 130 0 30 0 4500 14.4
2 Center 0 130 0 30 0 4500 135
3 Center 0 130 0 30 0 4500 12.2
4 Center 0 130 0 30 0 4500 11.7
5 Factor | -0.577 101 -0.577 24 -0.577 3900 14.1
6 Factor | +0.577 159 -0.577 24 -0.577 3900 13.5
7 Factor | -0.577 101 | +0.577 36 -0.577 3900 12.5
8 Factor | +0.577 159 | +0.577 35 -0.577 3900 12.1
9 Factor | -0.577 101 -0.577 24 +0.577 5100 15.7
10 Factor | +0.577 159 -0.577 24 +0.577 5100 15.1
11 Factor | -0.577 101 | +0.577 36 +0.577 5100 13.9
12 Factor | +0.577 159 | +0.577 36 +0.577 5100 13.3
13 Start -1 80 0 30 0 4500 12.0
14 Start +1 180 0 30 0 4500 11.6
15 Start 0 130 -1 20 0 4500 13.7
16 Start 0 130 +1 40 0 4500 115
17 Start 0 130 0 30 -1 3500 10.3
18 Start 0 130 0 30 +1 5500 13.6

35



Accortdée ngegressi on FkiogedMaeceidelnet svoplltoatg ei nand
are signifThceann e efda cethoortsth.d age ghe st adwneke

ther estho@l d be kept at thlreesebippm@=ett heveppaodoi
nebuzewhi ch shows a hi gdo efnfds crbeegnatt,ibvee sreet g rae
| owkeetvNed .si gni ficant i nteravbhl aoaersfabtarsaedwe
ANOVA ar e Arhpevedi X nb

Subset: Prueba 10-SIM, RMSEC =948870.2, 1 Comp(s)- Lenth's ME (236553.3) and Lenth's SME (596928.2)
6
*10

2.0000
B Abundance [M-H]-

1.5000 1
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0.5000 -+

0.0000 <—I | | —

-0.5000 -

Reg. Coeff. (Abundance [M-H]-)

-1.0000 -

-1.5000

Fragmenter
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Needle voltage -
1x1
1x2
1x3
2x2 A
2x3
3x3

Variables

Figure 10 - Regression coefficients plot from the CCD performed in Sirius.
Coded values of the variablagre used foregression.

A problem found wi thhe tnhoedseel roebst ualetnge elw af sn et at |
desibghy capturedt dtha#anxe% i nf tthleecarneape ns e.

di fferent expatntbheoablmrh@eeb&ebwgghest needl e
appl(bepti8) di d trheet hsigdhvwsesnsea s poedebl ealilhat
fragmertoadlagdomehen t he neelbl gdhtvidinedaeat eh eir se f aotr ¢
the abunmdeengectodd isdAss méédanuaasw®ms with nebu
preswhiercee the | oWwk)lstdsviddvimet fiegipest abundanc
i mporftaarst t he | ack of reprodsescdbringythae ¢
point he anad ysaesoshfoiwcind%of dvaephtcanesf
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variati on on t he dat a make®s dit of iicnuslttr ume |

parameters.

To concl uadfe tthhe swepmlee sexpwed mt hat a very cl
the mol ecul ar i on i s obtainedThwhemaiFrFAs iwg
obtained for FAME waasl ntahked stohdei ucno nmapdoduuncdts faor
ESIHi.ghly fragmented ochpreaicmapdondéd FAMERF WAT e

collision induced dissociation was applied
i somers were different, it was not possi bl
doubl e bouwHiipéosposoinkl e withnc-B&EMHeal i on

Al t hough the results showed|l @ Valctkkakpd aregur
combi ned wiptrhe ssailr el ioZfer24 psi mai ntaining t
gae thesthigbun-tHaprceec vorfsogrM i ons of FFAs.

31.2.Liguid ChroMaspgBapbmetry

TheHPL@et hod was devel ogedhisghimasa)imn daingihg t hr e«
resoliunt i tome polscatheawgsiinsel n a firsou@mstempt

compounasnawgpepldyi ng reverse phase (RP) 1| i qg
Cl18 columndi bfuit c Wiutei d 0 t o el utthee eFdAdfEBe nftr o m
contiomubegd f ®i f FEA®Nt mobil e prharsteasl, garl ametse

were fTaet epdocbéssnjetcaritnegd si FAG| eiss amgp Imeée xt afr e
H.O, ACN and MeOH as solvents. The esol vent
adequate retentposskhtgipmes i dedil ggddatghathai n |
hatdhe hi ghest andt emdaaiasiakimineme $s y was i mprove.
Me OH swgr esemdbiilne tpidagwaal a&smdweirt h t hi s sol v
(Figdite On the contr a0l yi ndrhea sperde seemaley soifs H
wi dt h.
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x102 |-ESI TIC Scan Frag=130.0v' CF=0.000 DF=0.000 FFA24.0 ACN (isocratic) LC-MS2SCAN CHD.d x102 |-ESI EIC(367.0000) Scan Frag=120.0v CF=0.000 DF=0.000 18-11-18 FFA24.0 MeOH-ACN 40.60 is|

NEC)) .| (B

1 2 3 4 5 3 7 8 9 10 1 2 3 4 5 3 7 8 9 10
Counts (%) vs. Acquisition Time Counts (%) vs. Acquisition Time (i

x102 |-ESI EIC(367.0000) Scan Frag=130.0V CF=0.000 DF=0.000 15-11-18 FFA24.0 H20-ACN 20-80 LC-MS2SCAN Column HD.d

i (©)

1 2 3 4 5 6 7 8 s W T 12 13 1 1 % 17
Counts (%) vs. Acquisitien Time (min)

Figure 11 - TIC full scan chromatograms of FFA24:0. (A) ACN. (B)
MeOH:ACN 40:60. (C) KD:ACN 20:80. fow rate 0.5 ml/min.

- Selecting the col umn

Four di fferent avail able C18 col dmamsmetvet h o

were ttesdmalmyxd ure sample of FFA 20:0, 22:0

SB c18,8 Omm ARg (Flx &g ey)

Zorax Ecl iCcll8e XDBS ohm,g i 4(Feitota & B )

Pordodhd20 EC18, 2Ag7 |(Bmga&e))x50 mm
ZorbaweE®IHiup C18 Rabpj 8 OmsoRul x(idg uiide Agi |
12 D)

For ctolh @wntsh hi gher internal di ameter (Zor bas
size (Poroshwehs$)i hbeéale/dmidnaimi’nho avoid too
l ong retedhud onbadpkmess ur €« an beFigalaZeh &dtr om
Eclipse XDBd Polropdsel Pl asn col pmagk shaped awn

= =/ =4 =4

good reBFlme ut a®mn. colsthmmdnee nlta wensetd r etheent i on
| owebtowt e atnhde fvweedeefcare dfsutrutdhieers . Besi des, i
particle size than Pordhebb| uwhoohbModectrt be
andt e&inh hvean Deemter equation.

Af t er performing some analyses with the E

constanti mhoancckk epmesishuer el,i mi t set (4f0d0r) btalre i n
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probably caused by the r etteret icoon uaimd aaxad wom
the previous uses of the€&hicoluesul twdhd cihn weh
column @Zor BBc®Bapid resdl 8t ibomn KBD1x50 mm A
expedthiang t he shorter carbon cendahes sofomdpe
i nteraction anhkhe ataut@y| amiddseC18Bf atr e t he mo
hydrophobic phases wused in reverse phase |
|l onger car bon chains of c18, { 6,0] has (
(www. chromacademy. com) . It was therefore ex

the C8 col umn.
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Figure 12 - SIM chromatograms obtained for a mixture of FFA20:0, 22:0 and 24:0 with
different Columns. (A) SB C18 1,8um, 2,1x50 mm Agilent. (B) Zorbax Eclips€CX®R,8um,
4,6x50. (C) Poroshell 120 EC18 Agilent 2,7um, 3.0xX50 mm Agilent. (D). Z&tlgpse Plus
C18 Agilent Rapid Resolution HD @, 2.1x50 mm. Mobile phas@:min HO:MeOH:ACN
20:30:50; 4 min Me®l:ACN 30:70. Column temperatu °C.

- Selecting the mobile phase

Met hanol , acetonitrile, i soprmphnb®e phd w
consti treertr $ ei-MSh assegptaL €n.Aef mMERbhiecaette of

wi de pol arfiatyt yraasaglieyisti Eocelamti iso not.Tloeasi bl e
i ncrease resolution and avoi d ppeeaxlke ndbgr | ap
watersapot her owiastellies gd Behowshabat of water in
mobi |l edegdrassdeees oni zatifonn hef f¢i®aanipe rimglwse rg

respomdaesondi chiepprsomeaitn i nt e hiet prwhemHi on of
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i sncreasnabphgae wetdécasmamtee ntniThve fptirimwopno r

of water i n at hceo ngprraodmiesnet bweatsween i ntensity
was adjustedetsol bavens bmeé ween 8t lDe afnidr sltO : t0OW
but without | osiWhgent otoh emuocrhg ainnitce nssoiliv§edn%d wa
in fewimi watsegposki bt eetotetuee waturated f

mi nutes omaicd 8| eé&amm$ ntuwtnesC8 col umn.

%108

0.9
0.84

g I

0.24

02 04 06 08 1 12 14 16 18 2 22 24 25 28 3 32 34 36 38 4 42 44 46 43 5 52 54 56 53 6 62 64 66
Counts vs. Acquisition Time (min)

Figure 13 - TIC full scanchromatogram®btainedfor a mixture of9 saturatedFFA (from 8:0

to 24:0) on C8column with three MRyradient programscontaining different proportions of
H,O:ACN:MeOH. Black:20:40:40increasing to ACN:MeOH 50:50 in 3 minutésotice that

the FFAS8:0 is almost not visihleBlue: 12:4840. Orange 12:40:48(the highest intensity and

lowest retention time)The last togradients were increased to ACN:MeOH 50:50 imihute

and maintained until the last compound elutekbw rate 0.4 ml/min and column temperature

26 °C.

The use detr eraesdeednt i 0o n ti mes but caused a
backpressure dueltowas$sssaenght ka ssctaasbmbl yiizuem
| ong chain f at t[y2] atchi edr remheogr ety mMwa t & ditae @&t h e

mobile phase, however no improvement in the

- Effect of column temperature

Fi gudrMsehowsi ndradeampergattur e4 G rdda@u s26H etcr eas e o f
more than 1 mamaltyesmds |teh & hteotsalg e all morsttensi

t he same.
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x1?2 -ESI TIC Scan Frag=80.0v CF=0.000 DF=0.000 13-12-18 FFA Mix3 A{H20.ACN 75.25). B(MeOH.ACN 50.50) 20.80 flow(.4 F20 4500% T40.7.d

NS, S

05 i 15 ? 75 3 35 i 45 5 55 & 65 7 75 g g5 E)
Counts (%) vs. Acquisition Time (min)

Figure 14 - TIC full scanchromatogram®btained for amixtureof 9 saturated FFAfrom 8:0
to 24:0)on C18 column, bD:(ACN:MeOH) 15:85 to 100% B in 3 minutes. Flow 0.4 ml/min.
Green: 26 °C, blue: 40 °C.

- Diffesrancespon

Al l t he c hr omastoo gWwlmenrse sdhlmtwaeidned from mi xt
approximately the gGrlep fmaasdsa nidaA et €& Dir @ n
expected higher signal (peakmaasrse,an)kc ef aheiA:

contaghed humber |l bf cmol bedfkraosm [tyh en ocshircoemat o

showed i n prtelvatoutshesreetwemea Iraersgeo ndief fbeert enwne
di fferent FAs, where the shortest chain FA:
i nvetsed gian t he foll owing section.

- Study of unsaturated FFA

Additionally, a mixtum8,ofh863 @MBIBNAr at ed F
18n% andnll28 :was ,mmeparheed propor tweornes adgaitnhe
adj utsda eget s @ fhaer actoimdpmo uavfd s  ppoasrstirl@lded lyvwe t he
i somers of FF@i3gdapned 18: 1
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x107 |-ESI TIC Scan Frag=135.0v CF=0.000 DF=0.000 22-11-18 FFA Mix2 MeOH ACN 50.50 flow0.5 T26 inj0.5.d

05 (A)

0z 04 06 OB 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48 5 52
Counts vs. Acquisition Time (min)

x10% |-ESI TIC Scan Frag=135.0v CF=0.000 DF=0.000 23-11-18 FFA Mix2 A H20 MeOH 70.30-B.ACN 30.70 gradient flow0.5 T26.d
] (B)
2.5

15

0.5+

02 04 06 D8 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48 5 52
Counts vs. Acquisition Time (min)

Figure 1571 TIC full scanchromatograms obtained for a mixture of 6 unsaturated BRA
C18 column. (A) MeOH:ACN 50:50 isocrati¢B) (H,O:MeOH (70:30):ACN 30:70,
Gradient: 0 min 70% B, 5 min 100% B. Flow rate 0.5 ml/min.

The order of elution was coompowFEdAdBwi3t h t h
N3, EBAB, BEAB FARI8n&, EBAQ andl8FFIAR2. The

hihegr the numbemdseshetkPartdbebl el bbasi ftethee con
anal ogue sat ulTrhaicsenf tf et yt hmeci det enti on i ncr

i ncreases.

I n this sembinenriatedas hdt FFLAC cani rhge GIn& | ar
C8 columns with relativrel yugobudegsrse stohtasnt i 9% n
miunt es and | ess theammibhgmee n et ®aswe@raeg ate a mi
of saturat €d8BBeMmpectively. MeOH in the mob
Si ghhwtl decrease tesscl ifebeabiei t p.waQnert he ¢
decraarscessi gnal i mihhiel es el pnacrraetai 0o mpboeut nildseen t h «
ionization edftoi drec)y cshead MAColrusrhotre mper at u
affects tthenesktdaemds imont t o afHiercdlsleymngnal of e
18: 1 and 18:3 can be partially resolved usi
Me OH.
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31.3. Making FFAME rom F

As the developed chromatographic method i myg
to find a procedudc&EAtei toavenhy FARBp| es a
FAME or tri gl ycveerisdieosme oA ondolds ufgigeedst ed by W.
[ 6wpas applnedhis procedure potassium hydr
hydrolyze the tehxtmetrs pamtdad desoinlvre rtalrdAbd ry |l i ¢ &
thad ,washing -cdtegpasvimahd ggdseoo dh| omiddedcitd WwWas m
t he FFA. $&wenrael |leyx t rFafcAt teddn evd H eaema sof t he pr oc:«
I Ri gabe

Heating FAME +

SteP 1| OH at 90 °C
+H2O
Washing
Step 2 | with iso-octane
three times
+HCI

Extraction of FFA
Step 3 | with iso-octane
three times

Figure 16 - Conversion process: FAME to FFA.

St 2 was t he maset toooattphle® cfaavind € b aimraekreys

di f fticceaup atrhgpt &&s e st. h rifeher a | examaly sp dveartek | vy

al so thgohwawd®hsii nviels¢ i gacebst.éflpheofmet hod was
eval bgt @bee&Femces mi xtunes iwmdar e aisie avdhteeg & F
and 18: 0 elute and wherienFAME shiogphidd bgr &mx
shetwhe chromatograahC amtadiyrsed .fr om
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Figure 17 - Chromatograms obtained from G&D analysis. (A) Reference
mixture of FAME and FFA. (B) Injection of the three final extracts. (C)
Three wash&for a duplicate sample.
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