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POVZETEK

Dandanes z navadno prehrano vnesemo premalo nujno potrebnih snovi za normalno
delovanje organizma. Z intenzivnim kmetovanjem siromasimo prst in posledi¢no se to
kaze v hrani, ki ni dovolj bogata z vitamini in minerali. NadomesCanje vitaminov,
mineralov in drugih hranil se je razvilo v obliki prehranskih dopolnili, ki so postala velika
trzna niSa. Zaradi ohlapnega nadzora nad njimi se postavlja vprasanje o njihovi kakovosti,
zato smo se odlocili, da preverimo vsebnosti omega-3 mascobnih kislin v prehranskih
dopolnilih. Nasa prehrana vsebuje kompleksne zmesi razlicnih lipidov, ki vkljucujejo
trdne, poltrdne in tekoce mascobe (olja), katerih osnovno strukturo sestavljajo mascobne
kisline zaestrene z glicerolom v trigliceride. Pomembno vlogo pri nemotenem delovanju
organizma imajo omega-3 mascobne kisline, ki jih nase telo ne zmore samo sintetizirati,
zlasti EPK in DHK, ki ju sintetizirajo morski organizmi, plankton. Ker z navadno prehrano
vnesemo dovolj omega-6 maSCobnih kislin, je pomembno, da zauzijemo tudi dovolj
omega-3 mascobnih kislin, ¢e ne gre drugace, ob¢asno tudi v obliki prehranskih dopolnil.
Namen magistrskega dela je analizirati naklju¢no izbrane izdelke prehranskih dopolnil, ki
vsebujejo omega-3 mascobne kisline in primerjati deklarirane vsebnosti na ovojnini
izdelka s podatki, pridobljenimi z eksperimentalnim delom. Analize ma$¢obnih kislin smo
se lotili s pretvorbo v pripadajoce metilne estre, ki smo jih naredili po farmakopejski
metodi B in paralelno z metodo in situ preestrenja. Slednja se je izkazala za bolj
ucinkovito. Vsebnost nastalih metilnih estrov mascobnih kislin smo ugotovili z uporabo
plinskega kromatografa, sklopljenega z masnim spektrometrom. Koncentracije metilnih
estrov mascobnih kislin v vzorcih smo kvantificirali s pomoc¢jo njihovih standardov in jih
nato preracunali v miligrame mascobnih kislin na gram olja (vzorca). Rezultati opravljenih
analiz so zbrani v obliki tabele, kjer lahko iz vsakega vzorca razberemo, koliko je prisotne
doloCene omega-3 mascobne kisline in odstotek odstopanja od deklarirane vrednosti pri
klasi¢ni farmakopejski metodi B in in situ metodi. Glede na deklarirane vrednosti in
priporocila (USP DSC) vecina analiziranih prehranskih dopolnil vsebuje navedene
koncentracije mascobnih kislin.

Vsebnosti mascobnih kislin, ugotovljenih s klasi¢no farmakopejsko metodo B, so bistveno
nizje od in situ metode priprave vzorcev. Razlog je v nepopolni derivatizaciji, zato je
farmakopejska metoda primerna samo za ugotavljanje razmerja posameznih mascobnih

kislin, ne pa za absolutno kvantifikacijo.
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ABSTRACT

Today, consumption of ordinary food does not provide enough essential substances for the
normal function of the human body. With intensive farming the soil became depleted of
and essential components, which has a strong impact on plants we cultivate for food. Food
is not rich enough in minerals, vitamins and other nutrients. Therefore the use of dietary
supplements became popular with consequent development of a big market niche.
Regulation and supervision of dietary supplements is very loose, which brings in question
the quality of such products. Therefore, we decided to examine the contents of omega-3
fatty acids in dietary supplements.

Our food contains a complex mixture of different lipids, which they are in solid, semisolid
and liquid states. The main part is composed of fatty acids esters with glycerol
(triglicerides). Omega-3 fatty acids have an important role in human physiology and they
can not be synthesized in a human body, especially EPA and DHA, which are synthesised
by marine microorganisms and plankton. With ordinary food we get enough omega-6 fatty
acids, but we must also provide enough omega-3 fatty acids, occasionally also with dietary
supplements if there is no other option.

The purpose of this thesis was to analyse randomly selected dietary supplementary
products containing omega-3 fatty acids and to compare declared content with
experimental results. We started the analysis of fatty acids with conversion of fatty acids
into corresponding methyl esters. The method described in Europeian Pharmacopoeia,
which was modified was used parallel with in situ method. Latter subsequently proved to
be more efficient. The content of the generated fatty acid methyl esters was then
determined using a gas chromatograph connected to mass spectrometer. Concentrations of
fatty acids in the samples were quantified by reference compounds (standards) and then
converted into mg of fatty acids per gram of sample(s)/oil. All results are collected in a
table, where the content of omega-3 fatty acids and deviation from declared content are
presented according to Pharmacopoeia method B and in situ method.

The contents of fatty acids defined with Pharmacopoeia method B, are lower then contents
of fatty acids obtained with in situ method. The main reason is incomplete derivatisation,
which makes Pharmacopoeia method B appropriate for the determination of fatty acids

ratios only and not for the absolute quantification.
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SLOVARCEK IN SEZNAM OKRAJSAV

a- LA ali ALA - (angl. alpha-linolenic acid) alfa linolenska kislina

BF; — borov trifluorid

DHA ali DHK - (angl. docosahexaenoic acid) dokozaheksaenojska kislina

DPA ali DPK - (angl. docosapentaenoic acid) dokozapentaenojska kislina

EPA ali EPK - (angl. eicozapentaenoic acid) eikozapentaenojska kislina

F.AM.E. Mix C20:1-C20:5 — (angl. Fatty Acid Methly Esters) metilni estri mascobnih
kislin Mix C20:1-C20:5

FID — (angl. Flame Ionisation Detector) plamenski ionizacijski detektor

GC — (angl. Gas Chromatography) plinska kromatografija

GC-MS - (angl. Gas Chromatography - Mass Spectrometry) plinska kromatografija
sklopljena z masno spektrometrijo

HDL — (angl. High Density Lipoproteins) lipoproteini visoke gostote

IUPAC — (angl. International Union of Pure and Applied Chemistry) Mednarodna zveza za
¢isto in uporabno kemijo

LDL — (angl. Low Density Lipoproteins) lipoproteini nizke gostote

LK ali LA — (angl. linoleic acid) linolna kislina

MEMK — metilni estri mascobnih kislin

MK — mascobna kislina

m/z — (angl. mass-to-charge value) razmerje mase z nabojem

nevrogeneza — delitev, razvojna usmeritev in celotni razvoj nezrelih celic do zrelega
nevrona

nevrotransmiter — Ziv¢ni prenaSalec (endogena kemikalija), ki prenaSa signale po nevronih
preko sinapse

RDA — (angl. Recommended Dietary Allowance) priporocen dnevni odmerek

RPM - (angl. Rotations Per Minute) obrati na minuto

S/N — (angl. Signal-to-Noise ratio) razmerje med signalom in Sumom

TMK — frans mas€obna kislina

USP DSC - (angl. United States Pharmacopeial Convention Dietary Supplement
Standards) Konvencija ZDA za standardizacijo prehranskih dopolnil

VNMK - veckrat nenasi¢ene mascobne kisline

v
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1 UVOD

Z vefanjem Stevila prebivalstva na Zemlji se povec€uje tudi potreba po hrani. Ta je na
zalost e vedno neenakomerno porazdeljena po zemeljski obli. Kmetijstvo ne dohaja vseh
potreb po kakovostno pridelani hrani. Z intenzivnim kmetovanjem in obdelovanjem s
ciljem hitrejSe rasti pridelka prst osiromasimo mineralov. Danasnja teznja modernega
Cloveka je zdrav nacin zivljenja, ki vkljuCuje zdravo prehrano, dovolj gibanja in
obvladovanje stresa. Kot pravi rimski pesnik Juvenalis, avtor latinskega pregovora: "Mens
sana in corpore sano" (zdrav duh v zdravem telesu).

Znanstveniki ugotavljajo, da v razvitem svetu kar okrog 95 % ljudi ne uziva tistega, kar
telo potrebuje za ohranitev dobrega zdravja, in prek 70 % ljudi uZiva hrano, ki zdravju celo
Skoduje. Vse bolj se uveljavlja mnenje, da je prav pomanjkanje vitaminov in mineralov v
zivilih eden najpomembnejsSih vzrokov za naras¢anje kroni¢nih degenerativnih bolezni v
sodobnem svetu. Zato se je povecalo povprasSevanje po izdelkih, ki naj bi pripomogli k
naSemu zdravju tudi v povezavi z rastjo Sportnih in zdraviliSkih centrov, uspeSne
dejavnosti glavnih ponudnikov (proizvajalcev) na trgu ter dejavnejSega osvesCanja
potros$nikov. Vedno ve¢ ljudi se odlo¢a za preventivo, s katero lahko preprecijo razvoj
bolezni, trendi pa kaZejo tudi rastode povprasevanje po naravnih proizvodih. Zelja po
zdravem nacinu zivljenja, viSanje stroSkov zdravljenja in staranje prebivalstva so ustvarili

trg funkcionalnih zivil, naravnih proizvodov in prehranskih dopolnil (1).

1.1 Prehranska dopolnila

Pojem ali termin prehranska dopolnila opredeljuje Pravilnik o prehranskih dopolnilih, ki je
bil sprejet 30. 07. 2003 (datum prihoda v veljavo je 5. 9. 2003) in povzema Direktivo
evropskega parlamenta in Sveta o prehranskih dopolnilih, §t. 2002/46/EC.

Pravilnik o prehranskih dopolnilih je objavljen v Uradnem listu Republike Slovenije in
opredeljuje prehranska dopolnila kot »zivila, katerih namen je dopolnjevati obicajno
prehrano. So koncentrirani viri posameznih ali kombiniranih hranil ali drugih snovi s
hranilnim ali fizioloSkim uc¢inkom, ki se dajejo v promet v obliki kapsul, pastil, tablet in
drugih podobnih oblikah, v vreckah s praSkom, v ampulah s tekoc¢ino, v kapalnih
steklenickah in v drugih podobnih oblikah s tekoc¢ino in praskom, ki so oblikovane tako, da

se jih lahko uziva v odmerjenih majhnih koli¢inskih enotah« (1, 2).
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Pravilnik podaja razlago, da naj pod »hranili« razumemo samo vitamine in minerale, a na
drugi strani pa najdemo v zakonodaji razlago, da hranilo pomeni tudi beljakovine,
ogljikohidrate, mascobe, prehranske vlaknine in natrij. V skladu s tem lahko prehranska
dopolnila poleg vitaminov in mineralov vsebujejo tudi aminokisline, alge, maSCobne
kisline in lecitin, prehranske vlaknine, rastline in rastlinske izvlecke, mikoorganizme, méd
in Cebelje pridelke, encime, olja ter druge snovi s hranilnim ali fizioloSkim u¢inkom, pod
pogojem, da je njihova varnost v prehrani ljudi znanstveno utemeljena (1, 2, 3).

Prehranska dopolnila so Zivila, hrana. Ceprav po svoji obliki in vsebini ter na¢inu uporabe
lahko spominjajo na zdravila, to niso (1). Na zacetku smo definirali, kaj je prehransko
dopolnilo. Na tem mestu Se je treba definirati, kaj je zdravilo. Po Zakonu o zdravilih, je
zdravilo vsaka snov ali kombinacija snovi, ki so predstavljene z lastnostmi za zdravljenje,
prepreCevanje ali ugotavljanje bolezni pri ljudeh ali Zivalih. Za zdravilo velja tudi vsaka
snov ali kombinacija snovi, ki se lahko uporabljajo pri ljudeh ali zivalih ali se daje ljudem
ali zivalim z namenom, da bi se ponovno vzpostavile, izboljSale ali spremenile fizioloske
funkcije prek farmakoloskega, imunoloskega ali presnovnega delovanja, ali da bi se
dolocila diagnoza (4).

Kljub nekim skupnim to¢kam med zdravilom in prehranskim dopolnilom, obstajajo
bistvene razlike glede namena uporabe ter dokazne ucinkovitosti za zdravljenje bolezni in
bolezenskih stanj. Zdravilo lahko vsebuje prehransko dopolnilo, hranilo, obratno pa to ne
gre. Ce je izdelek s prehranskim dopolnilom predstavljen potencialnemu potro$niku kot
zdravilo ali da dobi kupec vtis (ovojnina, specifikacija, oglaSevanje, navodila za
uporabo...), da gre za zdravilo, se izdelek avtomaticno razvrsti med zdravila. V takem
primeru preide v pristojnost JAZMP (Javna agencija za zdravila Republike Slovenije).
Izdelek ne sme biti na trgu, dokler ne pridobi dovoljenja za promet z zdravilom.
Dovoljenje za promet z zdravilom je zagotovilo za kakovost, varnost in ucinkovitost
zdravil. Le pri zdravilih z dovoljenjem za promet pristojni drzavni organi preverijo njihovo
kakovost, varnost, u¢inkovitost (preden gre izdelek v prodajo). Zdravila so izdelana po
principu in v skladu dobre proizvodne prakse, ki je pod ustreznim inSpekcijskim nadzorom.
Zdravila imajo v navodilu za uporabo in na ovojnini verodostojne informacije o podrocju
uporabe, indikacijah, opozorilih, u¢inkovitosti, kontraindikacijah, previdnostnih ukrepih,
interakcijah, nezelenih ucinkih. Enako velja za registrirana zdravila rastlinskega/naravnega

izvora, vklju¢no s tradicionalnimi zdravili (2).
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Kadar pride do dvoma o tem ali gre za zdravilo ali prehransko dopolnilo, se uporabljajo
dolo¢be 7. Clena Zakona o zdravilih, kjer se s posebnim ugotovitvenim postopkom
ugotavlja, ali se izdelek uvrS¢a med zdravila ali prehranska dopolnila. Mejni izdelki med
zdravili in prehranskimi dopolnili se pojavijo predvsem v povezavi z ucinkom na
fizioloske funkcije. Prehranska dopolnila fizioloske funkcije ohranjajo in jih podpirajo,
medtem ko jih zdravila lahko tudi ponovno vzpostavijo, spreminjajo ali celo izboljsajo (2).
Kadar se prehransko dopolnilo prvi¢ daje v promet v Republiki Sloveniji, mora
proizvajalec, uvoznik izdelka, nosilec zivilske dejavnosti, ki daje prvi¢ v promet izdelek, o
tem obvestiti pristojno ministrstvo (Ministrstvo za zdravje RS) z izpolnjeno vlogo v skladu
s Pravilnikom o prehranskih dopolnilih. Nadzor nad prehranskimi dopolnili izvaja v okviru

nacrtovanega nadzora Zdravstveni in§pektorat Republike Slovenije (2).

1.1.1 Namen in uporaba prehranskih dopolnil

Zanimanje SirSe javnosti za uporabo prehranski dopolnil se iz leta v leto veca in s tem tudi
njihovo uzivanje. Raziskava »Nacionalna prehrana in prehranjevanje« (angl. National Diet
and Nutrition) je pokazala, da kar 40 odstotkov Britancev starih od 19 do 64 let uporablja
prehranska dopolnila. V Veliki Britaniji je prodaja prehranskih dopolnil v letu 2005 Stela
okrog £ 326 milijonov (3).

Prehranska dopolnila niso ekvivalent za uravnotezeno prehrano, saj le-ta vsebujejo
vitamine in minerale v takih koliCinah, kot jih naSe telo potrebuje. Obstajajo pa
posamezniki in tudi dolocene skupine ljudi, z visokim tveganjem za pomanjkanje dnevno
zauzitih hranil, ki upravi¢eno konzumirajo multivitaminska in mineralna dopolnila in jim

le-ta prinasajo korist. Te segmentne skupine so:

zenske, otroci, najstnice in starejsi

- strogi vegetarijanci ali vegani

- kronicni dietiki, ki dnevno zauzijejo manj kot 1200 kalorij

- ljudje, ki ne morejo uzivati vseh mlec¢nih izdelkov ali imajo omejitve glede
izpostavljenosti soncu

- kroni¢ni bolniki (rak, diabetes, AIDS...), ki jemljejo zdravila, sledijo posebnim
dietam ali okrevajo po operaciji ali travmi

- alkoholiki

- kadilci (3).
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1.1.2 Varnost, interakcije in neZeleni u¢inki prehranskih dopolnil

Prehransko dopolnilo mora biti varno za uporabo z vidika sestave in primerno oznaceno ter
predstavljeno potrosniku. Varno uporabo prehranskih dopolnil med drugim omogoca tudi
ustrezno oznacevanje. Neustrezna oznacba izdelka lahko predstavlja tveganje za
uporabnika, Se posebej v primerih, ko niso navedene vse sestavine izdelka (vklju¢no z
navedbo vseh mozno prisotnih alergenih snovi), rok uporabnosti, kot to dolo¢ajo predpisi,
in predpisana opozorila. Poleg z zakonom predpisanih opozoril in navedb mora oznacba
prehranskega dopolnila navajati morebitna druga opozorila za uporabnika (npr. ce
obstajajo posebne skupine, ki se naj proizvodu izogibajo). Izdelek mora ustrezati
mikrobioloSkim merilom za Zivila, ne sme presegati mejnih vrednosti necistot, ne sme
vsebovati nedovoljenih novih zivil, nedovoljenih aditivov oziroma aditivov v
koncentracijah, visjih od predpisanih (dovoljenih). Onesnazevalo ali necistota je snov, ki ni
namerno dodana hrani. Prisotnost le-te je posledica proizvodnje, izdelave, predelave,
priprave, obdelave, pakiranja, transporta ali hrambe take hrane ali kot posledica
onesnazenosti okolja. Nekaj moznih oziroma prisotnih necistot v prehranskih dopolnilih:
ostanki tezkih kovin (svinec, kadmij, Zivo srebro), ostanki pesticidov, spojine, ki vsebujejo
benzenov obroC... Zato se pri preverjanju ustreznosti prehranskih dopolnil glede
ustreznosti necistot uporablja Uredba Sveta (EC) st. 315/93 in kasneje sprejeta Uredba
Komisije (ES) §t. 1881/2006 o dolo¢itvi mejnih vrednosti nekaterih necistot v zivilih (7).
Prehransko dopolnilo mora ustrezati splosni Zivilski zakonodaji. Zivil, ki niso varna, ni
dovoljeno dajati v promet. Steje se, da Zivilo ni varno, ¢e je izkazana skodljivost za zdravje
ali neustreznost za prehrano ljudi. Pri tem se upostevajo navodila za izvajanje Uredbe (ES)
St. 178/2002, kjer je natan¢no popisan in obrazlozen 14. ¢len uredbe, ki govori o varnosti
zivil (2, 7).

Za nezelen ucinek zdravila ali prehranskega dopolnila se Steje kakrSen koli Skodljiv in
nenameren odziv telesa na zdravilo, kadar se pojavi pri odmerkih, ki se navadno
uporabljajo za profilakso, diagnozo, za zdravljenje bolezni ali za modifikacijo fizioloske
funkcije, medtem ko se toksi¢ni u¢inki pojavijo pri odmerkih, ki so vecji od priporocenih.
Za varno se Steje Se uzivanje mineralov in vitaminov v priporoc¢enih odmerkih do 3 RDA
(Recommended Dietary Allowance- priporoceni dnevni odmerek), razen za vitamin A in
D, ki se smeta dalj ¢asa jemati samo v odmerku 1 RDA. Med Stevilnimi izdelki se zaradi
neurejene zakonodaje na trgu pojavljajo tudi manj kakovostni primerki prehranskih
dopolnil (proizvodnja zdravil mora delati po nac¢elu dobre proizvodne prakse, medtem, ko

4
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za prehranska dopolnila to ni zakonsko obvezujoce). Ko Zelimo izvedeti, kdo sme
uporabljati prehranska dopolnila, kateri so mozni nezeleni ucinki, interakcije,
kontraindikacije, najpogosteje naletimo na naslednje odgovore: ni omejitev, ni interakcij,
ni nezelenih ucinkov, ni kontraindikacij, kar pa ne drzi popolnoma. Dolgo so zanemarjali
nezelene ucinke in interakcije, ki jih lahko povzrocijo prehranska dopolnila rastlinskega
izvora. Preskok v razmisljanju se je spremenil, ko so odkrili, da lahko Sentjanzevka (lat.
Hypericum perforatum) in sok grenivke pomembno vplivata na metabolizem S$tevilnih
zdravil (9).

Podatkov klini¢nih $tudij, ki bi kaj veC¢ povedale o samih interakcijah med zdravili in
prehranskimi dopolnili ni dovolj. Veliko je poroc€il o posameznih primerih, a malo uradnih
kliniénih raziskav. Vedno pogosteje se izvajajo in vitro raziskave o moznih
farmakokineti¢nih interakcijah zdravilo-prehransko dopolnilo, predvsem take, ki
preucujejo vpliv na citokrom P4so. Tovrstne raziskave so pomembne, saj se veliko zdravil
in prehranskih dopolnil presnavlja v jetrih prav preko tega citokroma (posledi¢no so lahko
prehranski dodatki induktorji ali inhibitorji citokroma P4so in posledicno vplivajo na
farmakokinetiko zdravil) (9).

Samozdravljenje ali uzivanje prehranskih dopolnil je treba prekiniti, ¢e domnevamo, da je
prislo do nezelenih ucinkov in interakcij z zdravili. Nedvoumnega odgovora na vprasanje
ali je dolo¢ena prehranska dopolnila varno jemati skupaj z zdravilom, ni mogoce zatrdno
odgovoriti (9). Zelo pomembno je, da zdravniki in farmacevti poznajo mozne neZelene
ucinke in interakcije med zdravili ter prehranskimi dopolnili, ter da se o njih pogovorijo z
bolniki. Pomembnega dejstva ne smemo zanemariti: prehranska dopolnila niso zdravila in

zato nimajo nobenih dokazov, da so u¢inkovita za zdravljenje bolezni (9).

1.2 Mascéobne kisline

Nasa prehrana vsebuje kompleksne zmesi razli¢nih lipidov, ki vkljucujejo trdne, poltrdne
in tekoce mascobe (olja), katerih osnovno strukturo sestavljajo mascobne kisline zaestrene
z glicerolom v trigliceride (10). Mascobne kisline so sestavljene iz elementov vodika,
kisika in ogljika, ki so zdruZeni v ravno ogljikovo verigo razlicnih dolZin s kon¢no
karboksilno skupino. Ali drugace povedano: mascobne kisline so bioloske molekule, ki

vsebujejo polarno karboksilno skupino (-COOH) vezano na nerazvejano alifatsko verigo.
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Polarne lastnosti, v€asih ionski naboj izkazuje karboksilna kislina, ogljikova veriga pa kaze
nepolarne lastnosti (11).

Mascobne kisline lahko na podlagi kemijske strukture razdelimo na: nasi¢ene MK, enkrat
nenasi¢ene (mononenasicene- ena dvojna vez) MK in veckrat nenasicene (polinenasic¢ene-
dve ali ve¢ dvojnih vezi) MK (slika 3). V celicah se maScobne kisline vezejo na glicerol v
obliki estrov. V prosti obliki jih navadno ne najdemo (12). Ogljikova atoma v alifatski
verigi, ki sta vezana na eno ali drugo stran ogljika z dvojno vezjo, se lahko pojavita v cis

ali trans konfiguraciji (14). Vecina maScobnih kislin se v naravi pojavlja v cis obliki (11).

o]

\/\/\/\/\/\)\ miristinska (14:0)
OH
\/\/\/\/\/\/\)\ palmitinska (16:0) NASICENE MASCOBNEKISLINE
OH
\/\/\/\/\/\/\/\i stearinska (18:0)
OH
\/\/\/\/W\/\/\/L oleinska (18:1n-9) } ENKRAT NENASICENE MASCOBNEKISLINE
T OH
S S linolna(18:2n-6)
/\/\/WW/W\OH N
w dihomo-gama-linolenska(20:3n-6)
— — — OH

arahidonska (20:4n-6)

> VECKRAT NENASICENE MASCOBNEKISLINE
linolenska (18:3n-3)

eikozapentaenojska(21:5n-3)

M dokozaheksaenojska(22:6n-3) ~
— — — — — — OH

Slika 1: Strukturne formule nekaterih nasicenih, enkrat in veCkrat nenasic¢enih ma$céobnih
kislin (12).

Poimenovanje mascobnih kislin se v literaturi razlicno navaja. Zato je IUPAC predlagal
sistemsko nomenklaturo. Je najbolj striktna, saj izkljucuje katerokoli moznost napacne
identifikacije. Sistematska metoda poimenuje mascobne kisline le na podlagi Stevila C-
atomov ter Stevila in poloZaja nenasic¢enih vezi glede na karboksilno skupino. Doloc¢i se
polozaj in identiteta (slika 4) substituiranih skupin ter opti¢na aktivnost in konfiguracija
dvojnih vezi (11). Glede na lego prve dvojne vezi, gledano z metilnega konca molekule,

delimo nenasi¢ene mascobne kisline na omega-3 in omega-6 mas¢obne kisline (10).
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ZUNAJ MOLEKULE: A STETIJE

ZNOTRAJ MOLEKULE: @ STETIE

L8 3cis-0,000-9,005-12
6 18:3m6

12 10
Slika 2: IUPAC S$tetje (A in o) ogljikovih atomov ma$cobnih kislin (13).

Omega-3 mascobne kisline so polinenasi¢ene mascobne kisline dolgih verig (najmanj 18 C
atomov), od katerih se prva od mnogih dvojnih vezi za¢ne s tretjim atomom ogljika glede
na metilni konec molekule (10). Pod omega-3 MK S§tejemo a-linolensko kislino (ALA;
18:3n-3), eikozapentaenojsko kislino (EPA; 20:5n-3) in dokozaheksaenojsko kislino
(DHA; 22:6n-3). o-Linolenska kislina in derivati te kisline so esencialne MK. Clovesko

telo jih ni sposobno sintetizirati, zato jih moramo dobiti s hrano.

O
9 6 3 1 o
a pr— — ——
HO™ 1 9 12 15 18
a-linolenska kislina
O
6 3 10
o — — — — —
HO™ 1 5 8 11 14 17 20
eikozapentaenojska kislina (EPA)
O
a 3 10
HO™ 1 — — — — — —
4 7 10 13 16 19 22

dokozaheksaenojska kislina (DHA)

Slika 3: Strukturne formule omega-3 mascobnih kislin (10).
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Pod omega-6 MK S§tejemo linolno kislino (LA; 18:2n-6), kjer se ta molekula v telesu
pretvori v y-linolensko (18:3n-6) in arahidonsko kislino (20:4n-6) (10, 12).

Omega-6 mastobne kisline Omega-3 mastohne kisline
Inglna kislina o- Inglenska kishna
18:2 w-6 l delta-6 desaturaza 18:3 m-3 l
v-lnglenska kislina steandonskakaslina
18:3 w6 l elongaza 18:4 @-3 l
dihomo-y-linolejska kislina gikozatetraenojska kislina
2033 w-6 delta-5-desatizaza 20:4 m-3

—arahidonskakislina sikozapentasnaiskakislina

20:4 -6 l elongaza 20:5 -3 l
dokozatetraenc)ska kislina dokozapertasno)ska kislina
224 w6 l elongaza 22:5m-3 l
tetrakozatetrasno) sha kislina tetrakozapentaenoyska kislin
24:4 -6 l delta-G-desatmaza 24:5 -3
tetrakozapentaenoiska kislina tetrakozaheksaenojska kisln
24:5w-6 f-cksidacija 24:6 -3

: |ska kislina dokozaheksaemojska kislna
27-5 oo 276 - .
22306 “'@E'_i resolyini.

—  Eikpzanoidi: prostanglandimi, tromboksani. leykotriend. resolyini. ipoproteini D

Slika 4: Presnova linolne (omega-6) in a-linolenske (omega-3) kisline (10).

1.2.1 Pomen in vloga mas¢obnih Kislin za organizem

Od izvora oziroma od sestave lipidov je odvisna nasa kakovost zdravja in bivanja.
Nepravilen izbor lipidov in koli¢ina le-teh povzroca sodobne zdravstvene tegobe
(prekomerna telesna teza, sladkorna bolezen tipa I, sr¢no-zilni zapleti, visok krvni tlak).
Na drugi stani pa, ¢e se izogibamo lipidom v prehrani, pa nam kaj hitro zmanjka energije,
volje, oslabi se imunski sistem, poveca se razdrazljivost (12). Ker so masc¢obe pomemben
element v prehranski piramidi, se dandanes govori z negativnim prizvokom. Poudarjajo se
predvsem negativne lastnosti, premalo pa pozitivni uc¢inki.

Ko so leta 1923 odkrili VNMK (veckrat nenasic¢ene mascobne kisline), so jih uvrstili med
vitamine, natan¢neje vitamin F. Leta 1930 je sledila ponovna razvrstitev VNMK, ko sta

Burr in Miller dokazala, da VNMK bolj sodijo med lipide kakor med vitamine(14).
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Nenasi¢ene MK skrbijo in vzdrzujejo celovitost celicnih membran. Za nasicene MK je
znacilna ravna veriga C-atomov, medtem ko za nenasi¢ene MK, ki imajo v svoji strukturi
eno ali ve¢ dvojnih vezi, to omogoca, da celi¢cna membrana ni tako toga (postane fluidna).
Ustrezno razmerje nasi¢enih in nenasi¢enih MK v lipidnem dvosloju doloca fizikalne
znaCilnosti celice, na povrSini katere potekajo encimske pretvorbe. To je pomembno
predvsem v zivénem tkivu, nevronih. Nenasi¢ene MK so udeleZzene v imunskih procesih
(pomanjkanje vodi v dojemljivost za okuzbe), so prekurzorji eikozanoidov (tromboksani,
prostaglandini, levkotrieni) (12,14). Arahidonska kislina in EPK sta prekurzorja Stevilnih
eikozanaidov. Prostaglandini in tromboksani nastanejo s pomocjo encima ciklooksigenaze,
levkotrieni pa z encimom 5-lipooksigenazo. Omenjene spojine uravnavajo Stevilne procese
v telesu, na primer aktivacijo levkocitov in trombocitov, bronhokonstrikcijo, bolecino,
sekrecijo v Zelodcu in vnetne procese (10). Koncentracije razli¢nih eikozanoidov morajo
biti v ravnotezju. Kaksno pa bo ali je to v ravnotezju, pa je odvisno od prisotnosti omega-3
in omega-6 MK, saj eikozanoidi nastajajo po delovanju istih encimov, vendar imajo
razli¢no biolosko funkcijo. Posledi¢no to pomeni, da je mogoce s koli€ino in razmerjem ©-
3 in w-6 vplivati na razmerje eikozanoidov oziroma na fizioloske procese, ki jih regulirajo
(12). VNMK sodelujejo pri metabolizmu in uravnavanju koncentracije holesterola. -6
VNMK niza vrednost celokupnega holesterola, a minimalno vpliva na trigliceride.
Medtem, ko ®-3 VNMK vplivajo na koncentracijo trigliceridov v krvi. ®-3 VNMK §¢itijo
pred razvojem srénih aritmij in zmanjSajo moznost tromboembolijskih zapletov. MK
skrbijo tudi za epidermalno bariero. Nepogresljivo vlogo imajo VNMK pri rasti in razvoju
otroskega centralnega zivénega sistema, mozganskega tkiva in vida (zadnje trimesecje
nosecnosti in prva leta otrokovega razvoja). Zato je takrat povecana potreba po VNMK,

predvsem DHK (14).

1.2.2 Vloga trans mascobnih Kislin

V naravi je vecina MK v cis obliki, MK s #rans konfiguracijo se pojavljajo v predelanih
zivilih (slika 7). Trans oblike nastanejo pri procesu hidrogeniranja, cvrtju in toplotni
obdelavi zivalskih mascob, rastlinskega in ribjega olja, pri Cemer se spremenijo plasticnost
in taliSCe. Leta 1984 je bilo ocenjeno, da frans MK predstavljajo 6-8 % skupno zauzitih
lipidov, vendar se je ta Stevilka do danes spremenila (zmanjsala). Vnos trans MK je
postavljen pod 1 % celotnega vnosa energije. Predpostavlja se, da imajo trans MK enak
neugoden ucinek na pojav sr¢no zilnih zapletov, kakor nasi¢ene maScobne kisline. Trans

9
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MK vplivajo na koncentracijo LDL holesterola in zmanjSujejo nivo HDL holesterola v
krvi. Poleg tega pa tudi frans izomere zavirajo delovanje A6-desaturaze, ki ima funkcijo
podaljSevanja ali krajSanja verige esencialnih MK, zmanjSujejo rojstno maso, povecujejo
telesno maso, zmanjSujejo vkljucevanje drugih MK v celicno membrano. Viri trans MK
vkljucuje vsa peCena zivila, ki vsebujejo delno hidrogenirane rastlinske mascobe. Nekaj

primerov: Cips, piskoti, hitro pripravljena ocvrta hrana ... (11, 12, 14, 15).

V\/\/\):k/\/\/\)kw

oleinska kislina

elaidinska kislina

Slika 5: Oleinska kislina in njen trans izomer elaidinska kislina (11).

1.2.3 Vnos VNMK v telo

V uravnoteZeni prehrani je vnos energije iz lipidov omejen na 20 do 30 oziroma 35 %.
Odstotek je vecji pri majhnih otrocih (30-35 %) in pri adolescentih (25-35 %). Delez
nasi¢enih mascobnih kislin naj ne bi presegel 10 % energijskih potreb. Delez enkrat
nenasi¢enih MK naj bi se gibal okoli 10 % in delez veckrat nenasi¢enith MK okoli 7 %
energijskih potreb (tabela I). Pomembno dejstvo pri tem je, da moramo paziti na pravilno
razmerje med ®-6 in ®-3 VNMK. V navadni prehrani je dovolj linolne kisline, ki je
prekurzor za sintezo ®-6. Zato, do pomanjkanja le-te ne pride. Problem je a-linolenska, ki
je premalo zauzijemo, poleg tega pa z linolno kislino tekmujeta za iste encimske procese v
telesu. Ker je (praviloma) linolne kisline vec, je pri izrabi procesov uspesnejsa, kakor njena
tekmica o-linolenska kislina, ki je nujno potrebna. Ustrezno razmerje med ®-3 in ®-6
VNMK je 1:5 ali manj. Na Zalost pa je to razmerje v obi¢ajni prehrani 1:10 ali celo 1: 20-
25 v prid o-6. To razmerje je pomembno pri vegetarijancih, pri katerih je edini vnos ®-3
MK, prav a-linolenska kislina (12,14).

10
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Oskrba organizma s pravilnim razmerjem ®-3 in ©-6 VNMK in ustrezno koli¢ino, je
pomembna skozi celotno zivljenje posameznika. Najbolj pa pride do izraza, ko je otrok Se
v materinem telesu. Potrebe po VNMK so takrat najve¢je, saj se takrat formirajo in
oblikujejo mozgansko tkivo, ziveni sistem in vid. Tudi kasneje, ko otrok ni vec¢ del matere,
je treba vnasati zadostno koli¢ino VNMK, da se poleg maloprej nastetih stvari Se dokon¢no
izoblikujejo psihomotoricne sposobnosti otroka. Tako je med nosecnostjo (zadnje tri
mesece) in dojenjem priporocljiv odmerek 100 do 200 mg DHK dnevno. Otroci stari od 6
mesecev in do 24 mesecev bi naj dnevno zauzili 100 mg DHK. Priporoc¢ljiva dnevna
koli¢ina za otroke od 2 do 18 let je enaka kakor za odraslo populacijo (1 do 2 obroka
mastnih rib na teden ali 250 mg EPK in DHK na dan) (12).

Ker ni nekih poenotenih smernic za jemanje VNMK, je tudi temu primerno ve¢ podatkov

in priporocil kaj in koliko jemati.

Tabela I: Priporocila za uZivanje esencialni masc¢obnih kislin pri odraslih (15).

MASCOBNA KISLINA g/DAN % ENERGIJE
(PRI 2000 KCAL/DAN)
LINOLNA 444 2,0
LINOLNA — GORNJA MEJA 6,67 3.0
(-LINOLENSKA 2,22 1.0
DHA T EPA 0,65 0.3
DHA NAJMAN]J 0,22 0.1
EPA NATMAN] 0,22 0.1

Klini¢ne in epidemioloske Studije priporoc¢ajo dnevni vnos od 200 mg do 650 mg

dolgoveriznih ®-3 MK in 18 g VNMK (15).

1.2.4 Viri esencialnih mas¢obnih Kkislin

Ker z navadno prehrano vnesemo dovolj -6 MK, je zato treba nameniti ve¢ pozornosti
temu, kaj zauziti, da bo se razmerje med ®-3 in ®-6 VNMK zmanjSalo. Viri ®-6 MK so:
son¢ni¢no, sezamovo, bu¢no, koruzno olje, hrana zivalskega izvora (meso in mlecni
izdelki). Ker je w-6 MK na dnevnem jedilniku dovolj, je treba povecati vnos hrane bogate
z ®-9 in ©-3 MK. Zivalski vir -3 MK so mastne ribe globokih severnih morij (divji losos,

polenovka, skuSa, slanik, sardela, tuna, sled ...). Od rastlinskih virov pa najbolj izstopa
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laneno seme oz. iz njega iztisnjeno olje. Izvrsten je zaradi razmerja med ®-3 in ®-6 VNMK
(3,5:1 v korist ®-3 MK). Laneno seme vsebuje le a-linolensko kislino. Tudi olje ¢rne
koprive (Perilla frutescens) je bogat rastlinski vir -3 MK, saj vsebuje 60 % a-linolenske
MK. Na trgu so dostopna tudi jajca, obogatena z ®-3 MK (Ce je vonj po ribah nezazelen).
Vir DHK in EPK pa so morski organizmi, ki se hranijo s planktonom, saj sinteze DHK in
EPK ne zmorejo. Vir -3 MK so tudi stro¢nice, zitarice, alge, orehi, vendar pa so le morski
organizmi vir DHK in EPK (sinteza poteka v algah in fitoplanktonu, ki predstavlja njihovo
hrano). Ni dovolj, da poskrbimo za pravilno prehranjenost z mas¢obami, potrebno je tudi
varovanje pred oksidacijo mascob, zadosten vnos vlaknin, ki v Crevesu vezejo nasi¢ene
mascobe in mehcéajo blato. Ker se pri metabolizmu mascob tvorijo reaktivne kisikove

spojine, je pomembno ob vnosu masc¢ob v telo tudi vnesti antioksidante (10, 12, 14).

1.2.5 Uporaba ®-3 mascobnih Kislin

- sréno-zilne bolezni
Za nastanek sr¢no-zilnih bolezni je vzrok genske narave in vpliv okolja. Slednji je tisti, na
katerega lahko vplivamo z na¢inom zivljenja in prehrane. Omenjene mascobne kisline tako
zmanjSajo moznost nastanka ateroskleroze, nizajo vrednost krvnega tlaka, znizZujejo
vrednost trigliceridov, zmanj$ajo moZznost za nastanek strdkov, zmanjSajo moznost
ponovnega infarkta. Priporocen dnevni odmerek je 1 g EPK in DHK.

- vnetne in avtoimune bolezni
Stevilne $tudije potrjujejo, da -3 mascobne kisline lahko uravnavajo vnetje in imunske
reakcije (metabolizem eikozanoidov). Rezultati so privedli do spoznanja, da je mozno
lajSati tovrstne tegobe.

- rak
Opravljene Studije na Zivalih in tudi na ljudeh potrjujejo, da redno uzivanje rib, ribjega
olja, v glavnem produktov, bogatih z ®-3 mascobnimi kislinami, zmanjSajo tveganje za
nastanek raka Sirokega Crevesa, prostate in prsi. Ucinek naj bi bil posledica Stevilnih
mehanizmov v spremembi rakastih celic kakor v spremenjenih lastnostih gostiteljevih
celic. Povsem natan¢no mehanizmi niso znani, saj so Se predmet raziskav. Kljub temu pa
Stevilni strokovnjaki zagovarjajo uporabo ®-3 mascobnih kislin pri rakavih bolnikih, da se
okrepi njihov imunski sistem in da preprecijo prevelike izgube telesne mase.

- depresija

12
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Studije opravljene na bolnikih z diagnozo depresije, so pokazale pomanjkanje ®-3
mascobnih kislin. To kaze, da imajo molekule ®-3 mascobnih kislin doloc¢eno vlogo v
patogenezi depresije. S Studijami, opravljenimi na podganah, so znanstveniki dognali, da je
pomanjkanje ®-3 mascobnih kislin povezano 2z moteno nevrotransmisijo Vv
serotoninergi¢nem in dopaminergi¢nem sistemu, kar vodi do zmanjSanega Stevila D2 in
povecanega 5-HT2 receptorjev v frontalnem korteksu. Slednje bi naj imelo pomembno
vlogo pri patofiziologiji depresije. Zato obstaja verjetnost, da se bodo ®-3 mascobne
kisline, v prihodnosti uveljavile kot alternativno zdravljenje depresije in drugih motenj
razpolozenja.

- nosecnost in dojenje
Za rast, razvoj in delovanje ziv¢nih celic so pomembne ®-3 mascobne kisline, predvsem
DHK. Zmanjsana kolicina DHK v obdobju razvoja mozganov lahko privede do napak v
nevrogenezi, metabolizmu nevrotransmiterjev, otezenem ucenju, motenj Vv vidu.
Novorojencki in dojencki, ki uzivajo materino mleko, so odvisni od koli¢ine DHK v
mleku. Zato mora mati s prehrano zagotoviti zadostno koli¢ino ®-3 mas¢obnih kislin, saj
mascobne kisline prehajajo skozi materino mleko do otroka. Posledice zmanjSanega vnosa
se pri otroku kazejo v slabsem vidu in okrnjenem razvoju mozganov. Zaradi moznosti
vnosa tezkih kovin z uzivanjem morske hrane se je priporocljivo izogibati prevelikemu
uzivanju rib (morski pes, tuna, skuSa, mecarica) in na raje posezejo po prehranskih
dopolnilih z ®-3 mascobnimi kislinami, kjer ni prisotnih tezkih kovin. Nikakor pa to ne
pomeni, da se odpovedo ribjim jedem.
Priporocila
-3 mascobne kisline so del prehrane in jih vnasamo v telo. Primerne so za vse ljudi, ker
imajo kar nekaj pozitivnih ucinkov in ne predstavljajo nevarnosti za zdravje. Dobro jih
uzivati ze iz vidika, saj jih v telo ne vnesemo v zadostnih koli¢inah. Kot prehransko
dopolnilo se priporoca:

- bolnikom z ve¢jim tveganjem za sréno-Zilne bolezni

- bolnikom, ki so Ze preboleli miokardni infarkt

- bolnikom s hipertenzijo

- bolnikom s hipertrigliceridemijo

- pri tezavah z luskavico

- bolnikom z revmatiodnim artritisom

- pri vseh vnetnih procesih
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- nose¢nicam in doje¢im materam
- in vsem, ki z nezadostnim vnosom mascob dobijo iz raznolike prehrane premalo ®-

3 mascobnih kislin (10, 12, 15).

1.3 Plinska kromatografija z masno spektrometrijo (GC-MS)

Kromatografija, separacijska tehnika, je bila "rojena" leta 1903, ko je ruski botanik M.S.
Tsvet na varSavski univerzi pripravil javno predavanje, kjer je predstavil novo separacijsko
tehniko. Naslov predavanja, ki ga je botanik M.S. Tsvet imel, je bil: "On a New Category
of Adsorption Phenomena and Their Application to Biochemical Analysis". Javno je razkril
oziroma predstavil Sirokopotezne rezultate raziskav, ki jih je opravil na rastlinskih listih
(listni pigmenti). Raziskave, ki jih je do tedaj opravil, so vodile v izpopolnjevanje metode
(tehnike), ki je dovoljevala ali omogocala separacijo barvil (pigmentov) z rastlinskih listov.
V nadaljnjih letih je novo tehniko izpopolnil- kasneje je postala znana pod imenom
kromatografija (16). Kromatografija je separacijska tehnika, pri kateri posamezne
komponente v zmesi lo¢imo med seboj. V praksi je pomembno, da to dosezem tudi v
realnem casu (17).

Plinska kromatografija (angl. Gas Chromatography), je analizna separacijska metoda,
katere zacetki uporabe segajo ve¢ kot 60 let nazaj in je zelo razSirjena v danasnjem casu. Z
njo lo¢imo hlapne komponente. Prednosti metode so v njeni ponovljivosti, natan¢nosti in
dobri loc¢ljivosti komponent ter vsestranskosti (17,18). Pri plinski kromatografiji (slika 8)
se vzorec po injiciranju pri temperaturi nad vreliSCem uplini in lo¢i zmes na sestavne delce.
Nosilni plin prenese zmes spojin skozi kolono, ki je napolnjena z adsorbentom ali nosilcem
stacionarne faze v detektor. NajpomembnejSa naloga pri plinski kromatografiji je izbor
stacionarne faze. Velja pravilo, da za nepolarne spojine uporabimo nepolarne stacionarne
faze in za polarne spojine polarne stacionarne faze (19). Nosilni plin (mobilna faza) ima
nalogo, da potuje skupaj z vzorcem do detektorja. Kot nosilni plini v mobilni fazi se
uporabljajo zelo Cisti, inertni plini, ki ne vsebujejo vlage, kisika in ogljikovodikov. Pogoj
je, da se ne vezejo na adsorbent oziroma stacionarno fazo. Pogosto uporabljamo helij in

vodik, manj pa argon in dusik (20).
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Injektorska brizga Qjacevalec

= |1

Sistem za obdelavo
podatkov (racunalnik)

\ Detektor
\Ta rmostat [peé)

\ Kromatografska kolona

Slika 6: Shema osnovnih delov plinskega kromatografa (GC) (18).

Ventili za reguliranje
lina

Doved nosilnega plina

Injektor, ki je sestavni del GC aparata ima vlogo aplikatorja, ki da preiskovano spojino ali
snov v / na kolono. Izbor injektorja je odvisen od vrste kolone. Injiciranje je kljucen
postopek pri analizi, zato ga je treba izvesti v ¢im krajSem casu (17). Na vzorec delujejo
razlicne kemijske interakcije s stacionarno fazo. Spojine imajo razli¢ne lastnosti in
porazdelitvene koeficiente, glede na te parametre pride do locbe (18). Posamezni
koeficienti so odvisni od topnosti spojine v stacionarni fazi in od parnega tlaka spojine v
mobilni fazi. Kolona je jedro plinske kromatografije, saj poteka locba uparjene zmesi.
Gradient za locbo zagotovimo s spreminjanjem (viSanjem) temperature kolone v
termostatu (pecici), ki je od zunanje okolice dobro izolirano. Kolone so izdelane iz jekla,
stekla, medenine in najlona. Vefinoma se uporabljajo kapilarne kolone s premerom od 0,2
mm do 0,4 mm in dolzine nad 50 m. Tovrstna kolona je brez polnila, stacionarna faza je
nanesena v tankem filmu po notranji strani kapilare. Prednost tovrstne kapilarne plinske
kromatografije je v izredno veliki locljivosti, Cas analize pa je kratek. Kapaciteta kapilarne
kolone je zelo majhna, zato se uporablja indirektno injiciranje vzorca. Injiciran vzorec se
pomesa z inertnim, nosilnim plinom. Homogena zmes plina in vzorca se razdeli na dva
dela; en zapusca sistem, drug gre na kolono (20). Na koncu kromatografske kolone je
namescen detektor, ki zazna komponente, ki se izlocijo iz kolone po vrstnem redu in glede
na retencijske ¢ase komponent v koloni (18). Masna spektrometrija (MS) je nepogresljiva
analizna tehnika v naravoslovnih vodah. Osnovni princip MS temelji na generiranju ionov
iz anorganskih in/ali organskih spojin s primerno metodo, locitev teh ionov z njihovim

razmerjem masa-naboj (m/z) in kvalitativno ter kvantitativna detekcija teh ionov glede na
15
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posamezne m/z. Masni spektrometer je sestavljen iz izvora ionov, masnega analizatorja in
detektorja, ki delujejo pod pogoji visokega vakuuma. MS proces je destruktivna metoda.
Cilji dela z MS so ugotoviti molekulsko maso, molekulsko formulo in molekulsko

strukturo iz fragmentov (19).

MS

GC

Kvadrupol Ionskiizver Vmesnik
|

— [

DO0OO00 '\ e Il § -

o b "D =

At / o-n —U—U‘ | ]
Elektronski ojatevalec Lece

Ige—

Slika 7: Shema instrumenta GC-MS (19).

Plinska kromatografija in masna spektrometrija sta loena analizna postopka, ki pa med
sabo zelo dobro sodelujeta (slika 7 in 8). Plinska kromatografija lo¢i komponente
meSanice, medtem ko masna spektrometrija vsako komponento posebej identificira.
Analitik lahko s kombinacijo teh dveh analiznih tehnik kvalitativno, z uporabo referen¢nih

spojin ali standardov Se kvantitativno, ovrednoti posamezne spojine v analizirani zmesi

(12).

Slika 8: GC-MS analizator na Katedri za farmacevtsko biologijo (Fakulteta za farmacijo).
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2 NAMEN DELA

Uporaba prehranskih dopolnil je zelo priljubljena in stalno raste, vendar ti izdelki niso tako
strokovno nadzorovani, kot je to v veljavi pri zdravilih. Cilj naloge je z ustrezno
metodologijo ugotoviti vsebnost -3 mascobnih kislin v naklju¢no izbranih prehranskih
dopolnilih, ki jih je mozno kupiti na slovenskem trgu (lekarne, specializirane prodajalne,
trgovine z zivilskim blagom ...). Preveriti oziroma primerjati Zzelimo vsebnosti ®-3
mascobnih kislin, ki so navedene na ovojnini in vrednosti, ki jth bomo dobili z
eksperimentalnim delom ustrezne metodologije in ugotoviti ali ustrezajo navedeni

specifikaciji, oziroma za koliko odstopajo.

Najprej bomo poskusali ugotoviti vsebnost in sestavo mascobnih kislin z modificirano
farmakopejsko metodo (Ph. Eur.). Pri tej metodi bo ekstrakciji lipidov sledila pretvorba
mascobnih kislin v pripadajoCe metilne estre z brezvodnim metanolu v alkalnem mediju in
analiza s plinsko kromatografijo. Zaradi vecje zanesljivosti bomo paralelno izvedli Se in
situ metodo derivatizacije mascobnih kislin z BF; v metanolu v alkalnem mediju brez

predhodne ekstrakcije lipidov.
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3 MATERIALI IN METODE

3.1 Materiali

3.1.1 Vzorci

Vzorci ali prehranska dopolnila z omega-3 mas¢obnimi kislinami, smo kupili v zivilski
prodajalni Spar®, specializirani prodajalni-drogeriji DM® in v Lekarni Nove Poljane. Pri
tem moramo izpostaviti dejstvo, da je bil izbor prehranskih dopolnil nakljuen in z
opravljenimi analizami zelimo izvedeti, koliko dolo¢eno prehransko dopolnilo ne glede na
proizvajalca vsebuje omega-3 nenasi¢enih mascobnih kislin. Vecina preiskovanih vzorcev
je v obliki zelatinastih kapsul, razen farmakopejskega ribjega olja (lecoris Oleum), ki je

ustekleniceno.

Tabela I1: Seznam analiziranih prehranskih dopolnil.

Ime izdelka, .. Ime izdelka, .
rehranskega Proizvajalec, prehranskega Proizvajalec,
P : dobavitelj : dobavitelj
dopolnila dopolnila
MOR EPA® | Minami Nutrition | Cod Liver Oil Health Spark
Cod Liver Oil Natural Wealth Krill olje Biopharma
Omega 3 Norway
Iecoris Oleum — Lekarna Nove Lososovo olje Hafesan
ribje olje Poljane Ljubljana omega 3
Nemlglﬁ Krill Now® Foods Lyprinol Medicinalis+
Omega 3 forte Dr. B6hm Neptu(l;ﬁ Krill Natura Medica
Omega 3 ribje Pharma .
olje v kapsulah Nutrilab® Omega 3 Cardio | Natural Wealth
Fit Omega 3 Vl\l/}al Shm by Omega 3 Drogerie Markt
axximum
Omega 3 Junior | Natural Wealth | RibaMed® 1000 Fidimed
Seefischoel Doppel Herz®,
Omega 3 Natal | Natural Wealth Omega 3 Quiesser Pharma
Omega 3 Neuro | Natural Wealth SensOmega Sensilab®
Omegavit Marifit Super Krill L
Omega 3® - Medicinalis+
Super Omega 3 Now® Foods krilovo olje
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3.1.2 Reagenti
Topila

- precis¢ena voda (Fakulteta za farmacijo, Univerza v Ljubljani)
- heptan, p.a. (Carlo Erba, Milano, Italija)

Reagenti za pripravo metilnih estrov

metanol, p.a. (Panreac, Barcelona, Spanija)
- dimetilkarbonat (Sigma-Aldrich, Steinheim, Nem¢ija)
- natrijev hidroksid, p.a. (Merck, Darmstadt, Nemcija)
- 14 % borov trifluorid v metanolu, pro synthesis (Merck, Darmstadt, Nemcija)
- natrij (Ridel de Haén, Seelze bei Hannover, Nemcija)
Standard
- F.AM.E. Mix C20:1 — C20:5 (SUPELCO, Sigma Aldrich, Steinheim, Nemcija)

Ta standard smo uporabili, da smo preverili primernost metode. Ker smo zeleli
kvantificirati to¢no dolo¢ene omega 3 mascobne kisline v prehranskih dopolnilih smo

zato raje izbrali posamezne standarde izbranih omega 3 mascobnih kislin.

DHA (dokozaheksaenojska kislina) 10,0 mg/mL v heptanu (SUPELCO, Sigma
Aldrich, Steinheim, Nemcija)

- EPA (eikozapentaenojska kislina) 10,0 mg/mL v heptanu (SUPELCO, Sigma
Aldrich, Steinheim, Nemcija)

- DPA (dokozapentaenojska kislina) 10,0 mg/mL v heptanu (SUPELCO, Sigma
Aldrich, Steinheim, Nemcija)

- o-LA (alfa linolenska kislina) 10,0 mg/mL v heptanu (SUPELCO, Sigma Aldrich,

Steinheim, Nemcija).
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3.1.3 Aparature in laboratorijska oprema

Tehtanje

- analizna tehtnica KERN ALS 120-4 (Kern & Sohn GmbH, Balinger, Nemcija)
- analizna tehtnica PC 2000 (Mettler Toledo, Ziirich, Svica)

Raztapljanje
- ultrazvoc¢na kadicka Sonorex Digitec (Bandelin, Berlin, Nemcija)

Ekstrakcija

- avtomatske pipete Proline 0,5-10 pL, 10-100 pL, 100-1000 pL (Biohit, Helsinki,
Finska)

- plastiéne epruvete z zamaskom na navoj, 14 mL (TPP, Trasadingen, Svica)

- plasticne epruvete z zamaskom Standard Micro Test Tube 3810X (Eppendorf,

Hamburg, Nemcija)

Centrifugiranje

- centrifuga Centric 400 R (Tehtnica, Zelezniki, Slovenija)

Plinska kromatografija z masnim detektorjem (GC-MS)

Sistem: GCMS — QP2010 Ultra (Shimadzu Corporation, Kyoto, Japonska)

Kolona: kapilarna kolona Rxi-5 Sil MS, 30 m x 0,25 mm, 0,25 um 5 % difenil / 95 %
dimetilpolisiloksan (Restek, Bellefonte, PA, ZDA)

Racunalniski program GCMS Solution 2.3 (Shimadzu Corporation, Kyoto, Japonska)

3.2 METODE
3.2.1 Meja detekcije in kvantifikacije standardov

Mejo detekcije in kvantifikacije smo izraCunali iz koncentracije in razmerja S/N

(signal/Sum) za a-linolensko kislino v raztopini standarda:

c(A) koncentracija a-linolenske kisline v standardu (0,100 mg/mL)
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S/N razmerje signal s Sumom (33,97)
Mejna koncentracija za detekcijo: ¢c(A) x 3 + (S/N) =
=0,100 mg/mL x 3 + 33,97 =
=0,00883 mg/mL = 8,83 x10™ mg/mL
Mejna koncentracija za kvantifikacijo: ¢(A) x 10 + (S/N) =
=0,100 mg/mL x 10 + 33,97 =
=0,00294 mg/mL = 2,94 x10~ mg/mL

Mejo detekcije in kvantifikacije smo izracunali iz koncentracije in razmerja S/N za EPK v

raztopini standarda:
c(A) koncentracija EPK v standardu (0,100 mg/mL)
S/N razmerje signal s Sumom (5,50)
Mejna koncentracija za detekcijo: c(A) x 3 + (S/N) =
=0,100 mg/mL x 3 + 5,50 =
=0,0546 mg/mL = 5,46 x10” mg/mL
Mejna koncentracija za kvantifikacijo: ¢(A) x 10 + (S/N) =
=0,100 mg/mL x 10 + 5,50 =
=0,182 mg/mL = 1,82 x10™ mg/mL

Mejo detekceije in kvantifikacije smo izraCunali iz koncentracije in razmerja S/N za DHK v

raztopini standarda:

c(A) koncentracija DHK v standardu (0,100 mg/mL)
S/N razmerje signal s Sumom (5,26)

Mejna koncentracija za detekcijo: ¢c(A) x 3 + (S/N) =

=0,100 mg/mL x 3 + 5,26 =
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=0,0570 mg/mL = 5,7 x10? mg/mL
Mejna koncentracija za kvantifikacijo: c(A) x 10 + (S/N) =
=0,100 mg/mL x 10 + 5,26 =
=0,190 mg/mL = 1,90 x10™ mg/mL

Mejo detekcije in kvantifikacije smo izracunali iz koncentracije in razmerja S/N za DPK v

raztopini standarda:
c(A) koncentracija DPK v standardu (0,100 mg/mL)
S/N razmerje signal s Sumom (5,81)
Mejna koncentracija za detekcijo: ¢c(A) x 3 + (S/N) =
=0,100 mg/mL x 3 = 5,81 =
=0,0516 mg/mL = 5,16 x10? mg/mL
Mejna koncentracija za kvantifikacijo: ¢(A) x 10 + (S/N) =
=0,100 mg/mL x 10 + 5,81 =
=0,172 mg/mL = 1,72 x10™" mg/mL

Linearnost umeritvene premice je ovrednotena z . Vrednost r* = 0,9999 (za standardne
raztopine). Koncentracije pripravljenih standardov ali referencnih raztopin so bile: 1,0
mg/mL, 0,50 mg/mL in 0,10 mg/mL, kar predstavlja tudi obmocje umeritvenih premic.
Referen¢nih spojin nismo zdruzevali v skupni raztopini, ampak smo jih analizirali

posamezno. Iz teh treh koncentracijskih obmocij smo dobili (izmerili) umeritveno premico.
o~ linolenska kislina r* = 0,9999

EPK 1*=0,9999

DHK r* = 0,9998

DPK = 10,9999
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4 EKSPERIMENTALNI DEL

4.1 Ugotavljanje sestave omega-3 mascobnih Kkislin z modificirano farmakopejsko
metodo B

Za analizo sestave omega-3 mascobnih kislin v naklju¢no izbranih prehranskih dopolnilih
smo uporabili modificirano farmakopejsko metodo B. Najprej smo natehtali 0,1 g (100 mg)
vzorca. Ker je veCina vzorcev v obliki olj v Zelatinastih kapsulah, smo morali pridobiti
vsebino olja vzorca tako, da smo z iglo zbodli v kapsulo in vsebino iz nje iztisnili v
ependorfko. Natehtani vzorci smo prenesli v 14 mL plastine epruvete z zamaskom.
Vzorcem smo dodali 1 mL heptana in 1 mL dimetilkarbonata. Epruvete smo zamasili in
krepko mesali ter greli vzorce v ultrazvo¢ni kadicki pri temperaturi 50 — 60 °C. Ko je bila
zmes Se topla, smo ji dodali 1 mL raztopine natrijevega metilata, ki smo ga pripravili z
raztapljanjem 1,2 g natrija v 100 mL brezvodnega metanola. Temu je sledilo 5 minutno
mesSanje. Po priblizno petih minutah smo dodali 3 mL prec¢is¢ene vode in 30 sekund
intenzivno mesali. Sledilo je centrifugiranje za 15 minut pri 1500 g. S tem smo dosegli, da
sta nastali dve fazi. Zgornjo fazo smo locili iz epruvete in jo odpipetirali v vialo. Redcili
smo jo v razmerju 1:20 (50 puL vzorca + 950 uL heptana). Red¢en vzorec smo odpipetirali
v novo vialo in aplicirali v GC-MS. Postopek smo ponovili za vse vzorce, ki smo jim Zeleli

ugotoviti vsebnost omega-3 mascobnih kislin v prehranskem dopolnilu.

Plinska kromatografija z masno spektroskopijo (farmakopejska metoda B)

Kromatografske razmere:

kapilarna polidimetilsiloksanska kolona, 30 m x 0,25 mm, 0.25 pm debela

stacionarna faza (v farmakopeji je stacionarna faza makrogolna)
- nosilni plin: helij s pretokom 1 mL/ min (v famakopeji je pretok 0,9 mL/ min)
- nacin injiciranja: split (1:100)

- temperaturni program: zacetno temperaturo kolone smo nastavili na 160°C, potem

je temperatura narascala za 3°C/min do 250°C
- temperatura injektorja: 250 °C
- temperatura ionskega izvora: 200 °C

- temperatura vmesnika: 280 °C
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- volumen injiciranja: 1 pL
- napetost na detektorju: 1 kV

- celokupen cas analize: 30 min

4.2 Ugotavljanje sestave omega-3 mas¢obnih Kislin z metodo in situ preestrenja

Vsebnost in sestavo omega-3 mascobnih kislin v preiskovanih vzorcih smo poleg klasi¢ne
farmakopejske metode ugotavljali z modificirano metodo po Parku in Goinsu (12). Najpre;j
smo natehtali 0,1 g preiskovanega vzorca v plasticno epruveto z zamaskom na navoj
(volumen epruvete 14 mL). To¢no vrednost zatehte smo si zapisali in k vzorcu dodali 1 mL
0.5 M NaOH v metanolu. Epruveto smo zamasili z zamaskom in segrevali na vodni kopeli
10 minut pri 90°C. Po desetih minutah smo epruveto vzeli iz kopeli in jo ohladili na sobno
temperaturo. Nato smo dodali 2 mL 14 % BF; v metanolu, zamasili epruveto z zamaskom
in jo dali v vodno kopel za 10 minut pri 90°C. Po izte¢enem Casu smo epruveto vzeli iz
vodne kopeli in jo ohladili na sobno temperaturo. Nato je sledil dodatek 1 mL heptana v
epruveto ter enominutno mocno stresanje vsebine v zamaSeni epruveti. Sledilo je
desetminutno centrifugiranje pri 3000 RPM (22°C). Po kon¢anem centrifugiranju, ko sta v
epruveti nastali dve plasti, smo gornjo odpipetirali v oznaceno vialo ter vzorec aplicirali na

GC-MS aparaturo. Ostanek v plasti¢ni epruveti smo zavrgli.

Zaradi visoke koncentracije nekaterih estrov masc¢obnih kislin smo morali za kvantifikacijo
teh estrov vse vzorce 20-krat redCiti, ki smo jo izvedli tako, da smo 50 pL vzorca

odpipetirali v novo vialo in dodali 950 puL heptana ter dali v GC-MS na analizo.

Plinska kromatografija z masno spektroskopijo (in situ metoda)

Kromatografske razmere:

kapilarna polidimetilsiloksanska kolona, 30 m x 0,25 mm, 0.25 pm debela

stacionarna faza
- nosilni plin: helij s pretokom 1 mL/ min
- nacin injiciranja: split (1:100)

- temperaturni program: zacetno temperaturo kolone smo nastavili na 160 °C, potem

je temperatura narascala za 3°C/min do 250°C
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- temperatura injektorja: 250°C

- temperatura ionskega izvora: 200°C
- temperatura vimesnika: 280°C

- volumen injiciranja: 1 pL

- napetost na detektorju: 1 kV

- celokupen ¢as analize: 30 min

Kromatografske razmere so enake, kakor pri modificirani farmakopejski metodi B.

4.3 Izracun vsebnosti omega-3 mascobnih kislin na gram vzorca (vsebine olja)

Koncentracije, ki nam jih je podal ra¢unalnik po koncani analizi, so bile v enotah mg/mL.
To velja za vzorce analizirane z in situ metodo in za vzorce analizirane s farmakopejsko
metodo. Ker pa smo vse vzorce predhodno red¢ili 20-krat in je bila zatehta vzorca 0,1 g,
smo vrednosti analiziranih vzorcev, ki nam jih je podal racunalnik pomnozili s faktorjem

200, da je preracunana koncentracija omega-3 mascobne kisline izrazena na 1000 mg olja.
Racun: m (prera¢unana) = [mg ®-3 m.k. + 1000 mg olja]

mg ®-3 m.k. = masa pridobljena iz rezultata analize in pomnozena s faktorjem redcitve

(200 krat)

1000 mg olja = je enota, na katero smo izracunali maso prisotne doloene ®-3 mascobne

kisline.

4.4 Priprava standardov

Raztopine standardov smo pripravljali dvakrat. Prva priprava standardnih raztopin je
vsebovala mesanico (F.A.M.E. mix Cjyy; — Cygs). Naredili smo jo v treh razli¢nih
koncentracijah. Prva raztopina je vsebovala 400 uL (EPA+DHA+DPA+a-LA) F.A.M.E.
mix-a h kateri smo dodali 600 pL heptana. Tako smo dobili t.i. MIX 1. Druga raztopina
standarda je vsebovala 150 pL MIX 1 raztopine kateri smo dodali 150 pL heptana (MIX
2). Tretja raztopina standarda je vsebovala 100 pL MIX 1 raztopine kateri smo dodali 900
puL heptana (MIX 3). Ker se ta vrsta standarda ni obnesla na kromatografski locbi (ne

dovolj razlo¢ni vrhovi posameznih ®-3 masScobnih kislin in kopice drugih prisotnih

25



Stefan Sabo Analiza vsebnosti omega-3 mas€obnih kislin v prehranskih dopolnilih

mascobnih kislin, ki niso del naSega eksperimentalnega dela), smo se odlocili, da naredimo

nove raztopine standardov.

Druga priprava standardov je bila narejena brez F.A.M.E. meSanice. Odlocili smo se, da
bomo naredili standardne raztopine iz vsake certificirane viale z doloeno ®-3 mascobno
kislino. Prva raztopina standarda je vsebovala (30 uL EPA + 30 uL DHA + 30 uL DPA +
30 uL a-LA) skupno 120 pL posameznih certificiranih omega-3 mascobnih kislin, katerim
smo dodali 180 puL heptana. Druga raztopina standarda je vsebovala (15 uLL EPA + 15 pL
DHA + 15 pL DPA + 15 pL a-LA) skupno 60 pL posameznih certificiranih omega-3
mascobnih kislin, katerim smo dodali 240 pL heptana. Tretja raztopina standarda je
vsebovala 3 uL EPA + 3 uL DHA + 3 uL DPA + 3 pL a-LA) skupno 12 uL posameznih

certificiranih omega-3 mascobnih kislin, katerim smo dodali 288 pL heptana.

Slednja priprava standardov, se je izkazala za veliko boljSo in iz umeritvene krivulje je

lazje bilo definirati, katere in koliko dolo¢ene omega-3 mascobne kisline je prisotne.

Koncentracije pripravljenih raztopin standardov so naslednje:
RS1: 1,0 mg/mL
RS2: 0,5 mg/mL
RS3: 0,1 mg/mL

Pripravljene raztopine standardov smo aplicirali na GC-MS sistem, pri enakih
kromatografskih razmerah kot smo aplicirali raztopine vzorcev, pripravljenih s

farmakopejsko in z in situ metodo (glej poglavje PRILOGE).
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S REZULTATI IN RAZPRAVA

V eksperimentalni del naloge smo vkljucili nakljuéno izbrana prehranska dopolnila, ki
vsebujejo -3 nenasi¢ene mascobne kisline. Stevilo vzorcev, ki smo jih z in situ metodo in
s klasi¢no, modificirano farmakopejsko metodo B, je bilo 23. Rezultati eksperimentalnega
dela so predstavljeni v nadaljevanju v tabeli III. Pri analizi ®-3 nenasi¢enih masc¢obnih
kislin smo se osredotoCili na rezultate ali na t.i. prisotnost izbranih ®-3 nenasicenih
masc¢obnih kislin. Kvantitativno smo Zeleli z obema analiznima metodama ovrednotiti a-
linolensko kislino, EPK (eikozapentaenojsko kislino), DHK (dokozaheksaenojsko kislino)
in DPK (dokozapentaenojsko kislino), katerih vsebnosti so navadno podane na ovojnini

prehranskega dopolnila.

Evropska farmakopeja poleg ugotavljanja omega-3 mascobnih kislin s postopkom plinske
kromatografije, predpisuje tudi ugotavljanje le-teh s tekocinsko kromatografijo visoke
locljivosti (22). Razlogov, za kaj se nismo odlocili za izbiro te metode, je kar nekaj:
nerazpolozljivost HPLC aparature, uporaba diferencialnega refraktometra, kompleksnejsa
priprava vzorcev, daljsi ¢as analize in ne nazadnje farmakopeja preferira s to metodologijo
le detekcijo EPK in DHK. Pri farmakopejski metodi B in pri in situ metodi vrednotimo a-
linolensko kislino, EPK (eikozapentaenojsko kislino), DHK (dokozaheksaenojsko kislino)
in DPK (dokozapentaenojsko kislino).
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Stefan Sabo Analiza vsebnosti omega-3 mas€obnih kislin v prehranskih dopolnilih

5.1 Razvoj klasi¢éne metode ugotavljanja mascobnih kislin

Prva metoda priprave in ugotavljanja koncentracij metilnih estrov mas€obnih kislin v
vzorcih je bila farmakopejska metoda. In sicer metoda B, ki pa smo jo morali modificirati
(21). Upostevali volumne oziroma koliCine potrebne za pripravo vzorcev za analizo. Ker
smo kromatografske razmere spremenili, smo morali organske faze vzorcev pred analizo
red¢iti. Farmakopeja navaja za detekcijo molekul FID (flame ionisation detector =
plamensko ionizacijski detektor), mi smo pa za detekcijo molekul estrov masScobnih kislin
uporabili bolj obcutljiv. MS (masni detektor). V farmakopeji je predvidena koncna
temperatura kolone 225 °C, vendar smo jo v svojem primeru povecali na 250 °C, z
namenom, da bi detektirali sterole in da bi kolono tudi ocistili tezko hlapnih spojin.
Farmakopejska metoda B navaja casovno graduirano stopnjevanje temperature. Poleg tega
pa Cas analize po farmakopeji traja 61 minut. Heptan je hlapno organsko topilo, ki je prvi
zapustil kolono. Snemanje spektra je potekalo 30 minut, da smo na spektru dobili Zelene,
iskane spojine metilnih estrov mascobnih kislin. Ugotovili smo, da ne pride do popolne
derivatizacije mascobnih kislin. Razlog za to ti¢i v podatkih iz farmakopeje, da je treba
vzorec greti med 50 in 60 °C, mesati priblizno 5 minut. Verjetno je temperatura gretja
prenizka, saj ne pride do popolne reakcije in posledicno do (popolne) derivatizacije.
Ocenjujemo, da gre bolj za semikvantitativno metodo, kot pa za cisto, absolutno
kvantitativno metodo, saj je namen ugotavljanja farmakopejske metode razmerje

mascobnih kislin, ne pa absolutna kvantifikacija, za kar zadostuje tudi delna derivatizacija.

5.2 Razvoj in situ metode preestrenja mascobnih kislin

Obicajna ali klasi¢na metoda priprave metilnih estrov mascobnih kislin (MEMK) vkljucuje
ekstrakcijo lipidov iz bioloSkega materiala in nadaljnjo preestrenje izoliranih lipidov. Sam
proces je dolgotrajen in kompleksen. V izogib tem tezavam, so avtorji opisali alternativni

postopek, ki zdruzuje ekstrakcijo in preestenje v eni stopnji (12).

Ker smo Zeleli ugotoviti ustreznost in primernost klasicne metode, smo se lotili razvoja t.i.

in situ metode preestrenja mascobnih kislin.

Mascobne kisline navadno pretvorimo v pripadajoe metilne estre predvsem zato, da
poveCamo hlapnost in zmanjSamo tvorbo repov pri vrhovih v plinskem kromatogramu

(12).
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Metoda direktne priprave MEMK z raztopino BF; v metanolu je najbolj priljubljena
metoda. Kot derivatizacijski reagent lahko uporabimo tudi raztopino natrijevega hidroksida
v metanolu. Po pregledu literature smo izbrali metodo, ki sta jo uporabila Park in Goins.
Raziskala sta in situ preestrenje z alkalno hidrolizo z natrijevim hidroksidom v metanolu in

z nadaljnjo metilacijo z BF3; v metanolu (23).

S hitrimi reakcijami smo v bazi¢nem mediju preestrili mas¢obne kisline:

[

NaOH + CH;0H — NaOCH; + H,0

| —-—
Laml

R-CO-OR' + NaOCH; = R-CO-OCH; + R'-OH

Proste mascobne kisline smo zaestrili z reakcijo v Kislem mediju:

H' (BF)
R-CO-OH + CH;0 «<—R-CO-OCH; + HOH

V prvi stopnji smo izvedli preestrenje z NaOH v metanolu, naknadno kislo katalizo pa smo
izvedli z BF; v metanolu (12). Reakcije potecejo hitro na polarnih lipidih, kot so proste
mascobne kisline in fosfolipidi, saj se le-ti dobro raztapljajo v metanolu. Po drugi strani pa
nepolarni lipidi, predvsem trigliceridi, so slabo topni v metanolu, zato je bilo potrebno v

reakcijsko meSanico dodati diklorometan (12).

Metodo smo optimizirali ali modificirali tako, da smo uporabili dvakratno koli¢ino
reagentov, kot je to navedeno v literaturi (23), da smo zagotovili popolno derivatizacijo v
metilne estre in s tem pravilno kvantifikacijo. Poleg tega pa smo vse vzorce s to metodo Se
red¢ili v razmerju 1:20, da smo ohranili podobne razmere za analizo kot pri vzorcih s
klasicno metodo. Potek poskusa je ostal enak kakor pri klasiéni metodi ugotavljanja
mascobnih kislin. Prav tako smo ohranili enake kromatografske razmere, kakrSni so bili pri

farmakopejski metodi ugotavljanja mascobnih kislin.

Pri vzorcih, analiziranih z modificirano farmakopejsko metodo B opazimo, da je pri vseh
vzorcih vrednost a-linolenske kisline enaka 0. Razen pri vzorcu Dr. Bohm, kjer je
preracunana vrednost 137 mg a-linolenske kisline na 1000 mg olja. Menimo, da zagotovo
vrednost 0 ni realni odraz prehranskih dopolnil in zagotovo je a-linolenska kislina prisotna.
Ker se vrh te kisline v kromatogramu zlije z oleinsko kislino (glej poglavje PRILOGE), je

ne moremo kvantificirati. Prisotnost a-linolenske kisline smo ugotovili z analizo masnega
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spektra fragmenta kromatografskega vrha. Videli smo, da je prisotna molekula o-

linolenske kisline, vendar v tako nizkih koncentracijah, da so pod mejo kvantifikacije.

Naslednja velika opazka pri vseh analiziranih vzorcih z modificirano farmakopejsko
metodo B je, da noben analiziran vzorec ni v deklariranih, predpisanih mejah. Pravzaprav
le pri enem vzorcu (Krill olje, Biopharma) in Se to pri DHK je vrednost odstopanja od
deklarirane, predpisane vrednosti v pozitivno smer (33 %). Za vse ostale vzorce pa tabela
kaze odstopanja od deklariranih vrednosti v negativno smer, manj od predpisanih na
ovojnini. Tudi, ¢e na hitro primerjamo stolpec koncentracije posameznih mascobnih kislin,
izmerjenih z eno in drugo metodo, je razlika ocitna. In veliko vzorcev ima bistveno nizjo
izmerjeno koncentracijo mascobnih kislin z modificirano farmakopejsko metodo. Razlog
za tak rezultat ti¢i v izboru metode in njenih pogojih. Farmakopejska metoda ocitno ni
dovolj specifi¢na glede pogojev derivatizacije, saj navaja segrevanje vzorca med 50 in 60
°C (glej prilogo ali poglavje 4.1). Ni dovolj striktnih navodil, pogojev priprave vzorca.
Posledi¢no ne zreagira celoten vzorec, ali pride le do delne, nepopolne esterifikacije.
Povecali oziroma podvojili smo tudi koli¢ino reagentov za nastanek metilnih estrov s
farmakopejsko metodo. Zal rezultati tega ne kazejo. Zato smo paralelno (vzporedno) delali
analize vzorcev z in situ metodo (glej poglavje PRILOGE). Izidi primerjalne metode, kot
je ze iz tabele z rezultati razvidno, so bistveno boljsi in ni toliko negativnih odmikov od
priporocenih, navedenih vrednosti na ovojnini izdelkov. Se pravi, da smo z in situ metodo
dosegli derivatizacijo - nastanek metilnih estrov mascobnih kislin v vecji meri. Glede na
to, da v vzorcih nismo zaznali prostih mascobnih kislin, lahko domnevamo, da je bila
pretvorba v metilne estre skoraj popolna. Uspeh lahko pripiSemo sami metodi, saj ima visje
temperaturne pogoje (90°C) za nastanek metilnih estrov. Prav tako je izbor drugih
reagentov pri tej metodi boljsi. In temu lahko pripiSemo, da smo z in situ metodo dobili
boljse ali primerljivejSe rezultate s tistimi, ki so navedeni na izdelku prehranskega

dopolnila.

Za kvantifikacijo rezultatov zato farmakopejska metoda ni primerna, je bolj primerna in
situ metoda. Za ve€jo zanesljivost pa bi bila smiselna tudi validacija metode.
Farmakopejska metoda je primerna za izraun razmerja nastalih estrov masc¢obnih kislin
med eno in drugo metodologijo, saj za kvantifikacijo potrebujemo metodo, kjer pride do
popolne derivatizacije in nastanka metilnih estrov masc¢obnih kislin. Zato farmakopejska
metoda zal, ni metoda izbora, za kvantifikacijo mascobnih kislin.
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Sama interpretacija rezultatov pridobljenih z eksperimentalnim delom je povezana s
priporocili, standardi, ki jih dajejo farmakopeje. Lahko pa so to priporocila razli¢nih
strokovnih organizacij. Ena takih je USP DSC (United States Pharmacopeial Convention
Dietary Supplement Standards), ki ima oddelek, ki se ukvarja z normativi v prehranskih
dopolnilih (7). V nasem primeru, kjer smo analizirali prehranska dopolnila z vsebnostjo,
prisotnostjo omega 3 mascobnih kislin, USP DSC priporoca ali navaja, da mora biti
vsebnost minimalno 95 % v prehranskem dopolnilu z omega 3 mascobnimi kislinami od

deklarirane (navedene) na embalazi, ovojnini izdelka (7).

Iz tabele z rezultati je razvidno, da vecina ali skoraj vsa prehranska dopolnila (razen
izdelka MOR EPA® in Dr. Bohm® Omega 3 forte) nimajo deklarirane ali navedene
vrednost za a-linolensko kislino. V prvem primeru gre za precej$nje odstopanje (244 %) v
pozitivno smer od deklarirane vrednost na izdelku. Pri slednjem pa gre za negativni odklon
od deklarirane vrednosti (-12,2 %), ki pa je po merilu USP DSC organizacije prevelik. V
oCi zbode tudi podatek, viden iz tabele, da nobeno analizirano prehransko dopolnilo z
vsebnostjo omega 3 mascobnih kislin, nima na ovojnini navedene vrednosti (prisotnosti)
dokozapentaenojske kisline (DPK). Zato kljub analiznim vsebnostim DPK molekule v
prehranskih dopolnilih, ki so vidne, iz tabele zal nismo mogli ugotoviti odstotka odstopanja
od deklarirane vsebnosti (saj jih ne navajajo). Kljub temu, da smo jo eksperimentalno
ugotovili njeno prisotnost v prehranskih dopolnili. Tako, da najve¢ podatkov o odstopanjih
v eno ali drugo smer imamo pri EPK in DHK. O¢itno sta to dve najpomembnejs$i omega 3
mascobni kislini s strani proizvajalcev, ki sta v ofeh potrosnika najpomembnejsi za
njihovo in naSo korist. UpoStevali smo tudi priporoc¢ilo USP DSC organizacije, da mora
biti minimalno 95 % prisotne vsake mascobne kislin, ki je navedena ali deklarirana na

izdelku.

Izdelki, ki imajo najvi§je pozitivno odstopanje EPK in DHK so: Krill olje Biopharma,
MOR EPA® Minami Nutrition, fit omega 3 Vital SIim® by Maxximum in Neptun Krill
Oil, NOW®. Izdelki, ki imajo najvisje negativno odstopanje EPK in DHK so: Omega 3
Neuro by Natural Wealth®, Dr. Bohm® Omega 3 forte, Cod Liver Oil by Health Spark®.
Vecina prehranskih dopolnil pa se drzi predpisanih vrednosti za DHK in EPK v svojih
izdelkih. Nekateri produkti imajo negativen odklon od deklarirane vrednosti za EPK
mascobno kislino in hkrati pozitiven odklon za DHK mascobno kislino. In obratno.
Pozitiven odklon za EPK masCobno kislino in negativen odklon za DHK masc¢obno
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kislino. Dva izdelka Se posebej izstopata. To sta ribje olje in Lyprinol® by Medicinalis+.
Ribje olje (Iecoris Oleum) nima navedenih nobenih vrednosti, koliko omega 3 mas¢obnih
kislin bi naj vsebovalo. Kljub tej pomanjkljivosti, smo mnenja, da ga je kljub temu varno
in smiselno uZivati. Ze preteklost in izku$nje nas uéijo, da so z ribjim oljem pomagali
¢loveskim zdravstvenim tegobam in jih uspeSno premagovali. Negativno presenecenje je
produkt Lyprinol. Na ovojnini izdelka je navedena celotna ali celokupna vsebnost omega 3
mascobnih kislin. Na zalost iz tega podatka ni mo¢ sklepati kakSen je delez posameznih

omega 3 mascobnih kislin.

Ce povzamemo, priporo¢amo jemanje vseh prehranskih dopolnil z vsebnostjo omega 3
mascobnih kislin, ki imajo najvisje pozitivno odstopanje od deklarirane vrednosti. In vsa
prehranska dopolnila, ki imajo manj kot pet odstotkov odstopanja od negativnega odklona
vrednosti po priporoc¢ilih USP DSC organizacije. Prehranskih dopolnil, ki imajo prevelik
negativni odklon od navedenih (deklariranih) vsebnosti ni primerno uzivati. Saj z njimi ne
bomo dosegli priporoene dnevne koli¢ine omega 3 mascobnih kislin (s tem mislimo
predvsem na EPK in DHK, ki ju ¢lovesko telo ne zmore samo sintetizirati). Priporocen

dnevno vnos EPK in DHK je 250 mg.
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6 ZAKLJUCEK

V okviru magistrske naloge smo z naborom naklju¢no izbranih prehranskih dopolnil z
vsebnostjo omega-3 mascobnih kislin Zeleli z ustrezno metodologijo kvantitativno
vrednotiti vsebnost teh kislin v naklju¢no izbranih prehranskih dopolnilih. Metodi izbora
sta bili modificirana farmakopejska metoda B in paralelna in situ metoda. S primerjavama
metod smo Zeleli dokazati katera je boljSa za kvantifikacijo omega-3 mascobnih kislin.
Analizni sistem za kvantifikacijo je bil GC-MS. Poleg kvantifikacije omega-3 mascobnih
kislin smo zeleli hkrati tudi preveriti ustreznost z deklariranimi vrednostmi in vrednostmi,

ki jih priporocajo farmakopeje ali za to pristojne institucije (USP DSC).

Ugotovili smo, da je in situ metoda boljsa in primernejSa za kvantifikacijo omega-3
mascobnih kislin, vendar bi bila za zagotavljanje ve¢je zanesljivosti smiselna validacija
metode. Modificirana farmakopejska metoda B, ni primer dobrega analiznega postopka za
kvantifikacijo omega-3 mascobnih kislin, ker derivatizacija do metilnih estrov ni popolna.
Rezultati analiz so pokazali, da je vecina (14 od 23) prehranskih dopolnil v predpisanih
deklariranih mejah USP DSC konvencije. Na podrocju deklariranih vrednosti omega-3
mascobnih kislin vlada zmeda. Razlicne drzave priporocajo razlicne vrednosti omega-3
mascobnih kislin (24, 25). Glede zgornje meje koli¢ine zauzitih omega-3 mascobnih kislin
je Ameriska agencija za zdravila in hrano (FDA ali U.S. Food and Drug Administration)
postavila zgornjo mejo pri 3 g/dan. Vecje koliCine niso priporocljive zaradi neZelenih
u¢inkov. Ce pa so opravi¢ene ali zaZelene glede na posameznikovo zdravstveno stanje,
mora biti pod zdravniSkim nadzorom. Za dve (2) prehranski dopolnil ni na voljo podatkov,
zato ne vemo, ali so ustrezna ali ne. Dve prehranski dopolnili sta delno ustrezni- to pomenti,
da le ena omega-3 maScobna kislina ne doseze priporo¢il USP DSC konvencije. Pet
prehranskih dopolnil je neustreznih oziroma ne dosega Zelenega odstotka odstopanja od
priporo¢il USP DSC. Ne pomeni pa to, da bo tako tudi v prihodnje, saj je zaradi ohlapne
zakonodaje in minimalnega nadzora kakovost tovrstnih izdelkov vedno pod vpraSajem,

zato je nakup Zal bolj stvar zaupanja.

Ker sama prehranska dopolnila niso tako strogo nadzorovana, kot je to znalilno za
zdravila, ne bi bilo slabo, da bi ob prvi prijavi proizvajalec (tisti, ki zaprosi za dovoljenje
na trg s prehranskimi dopolnili na Ministrstvu za zdravje), podal tudi deklarirane vsebnosti
za vse omega 3 mascobne kisline (a-linolenska kislina, EPK, DHK, DPK). Zaradi lazjega

nadzora s strani Zdravstvenega inSpektorata in hkrati v poduk potencialnim kupcem, ki
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bodo vedeli, kaj kupujejo in koliko oz. katere omega-3 mascobne kisline so prisotne v
prehranskem dopolnilu. Smiselno bi bilo tudi poenotiti deklarirane vrednosti omega-3
masc¢obnih kislin med drzavami (znotraj EU, ¢e Ze ne v svetovnem merilu), saj prihaja do
razlik v priporocilih, koliko je potrebno na dan zauZziti omega-3 mascobnih kislin, da bomo
zagotovili dnevne potrebe organizma. Ker dandanes z raznoliko hrano in nacinom
zivljenja, ki ga zivimo ter z razlicnimi zdravstvenimi ali fizioloskimi stanji organizma, ne
vnesemo dovolj ustreznih hranil, ki bi "nasitila" na§ organizem, je smiselna obcCasna
uporaba prehranskih dopolnil. Vedno pa moramo imeti v mislih, da so to dopolnila in ne
nadomestilo za raznovrstno prehrano. Previdnost in dodatno izobrazevanje na tem
podro¢ju ni odvec, saj je trg tovrstnih izdelkov zelo velik. Ker pa si ne zelimo Skodovati, se
je treba o smiselnosti jemanja prehranskih dopolni prej ustrezno poduciti in posvetovati z

zdravnikom ali farmacevtom.
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Prehransko dopolnilo MOR EPA Minami Nutrition — primer kromatografa vzorca
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Certifikat analize DHK

Certificate of Analysis

DESCEIPTION: All cis-4,7,10,13,16,15%-Docosa-
CATALDS NO.: 4T570-0 MFC DATE: May-2012
LOT HO.: LBSI3I54 EXPTRATION OATE: May-I015

EOQLVENT: HEFTANE

CAE FPERCENT WEICHT{2) ANALYTICAL (¥} BTD SUPELIO
AHALYTE NUMEER PUORITY (1) CONCENTEATION DEV LOT MO
ALL CIE-4,7,10,13,16,159-DOO03A I56E-30-7 55.3 lo000 10006 +/- 69.0 L3ass50

{1) Determined by capillary GC-FID, unless otbarwise noted.

{2) NIET traceablo welghts are used to verify balance calibration with the preparation of each lot.
Concentration of analyte in scolution is uwg/ml +/- 0.5%, uncertainty based upon balance and
Class A volumotric glasswarc. Welghts are corrected for analybes less than 98% pura.

{3) Determined by chromatographlc analysis against an independently prepared reference lot. Mean of
replicate injections.

7D

Elwead Davghity

o SUPELCO
Supelco warrants that its products corderm to the information contmned in this publication P
Purchassr must detenmins tha suitability of the product far its particular use. Plasse ses ta latest LA S L
catalog of arder invoics and packing sip for additienal temna end conditions of sals. SE Mo Hamsin Bead

Elollclono, P4 16023 0048 LES,
Pharusfii4) a4 1
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Certifikat analize DPK

Certificate of Analysis

DESCEIPTION: Mathyl cis-7,10,13,1%,15-Docosapantacnoata
CATALOC NO.: 47563-0 MFG DATE: Dac-2011
LOT HO.: LBEE5311 EXPIRATION OATE: Dac-IZ014

BOLVENT: HEFTANE

CAE FPERCENT WEICHT{2) ABARLYTICAL (3} BTD SUPELOD
AHALYTE NUMEER PORITY [1] CONCENTEATION DEWV LOT HNO
METHYL CIE-7,10,13, 15, 19-DOCOE 10EE9B-02-8 55.4 10000 looa0 +f- 2190.5 LaTTe33

{1) Determined by capillary GC-FID, unless otherwisc noted.

{2) HIBT traceable waights are used to varify balance calibration with the preparation of each lot.
Concantration of analyte in solution is wg/ml +f- 0.5%, wncertainty based wpon balanca and
Clags A volumetric glasgware. Welghts are correcked for analytes less than 38% pura.

{3) Determined by chromatographic analysis against an independently prepared reference lot. Mean of
replicate injections.

PR

Elwmod Daughity

oM SUPELCO
Supelco wamants that its products cordomm 1o the information contmined in this publication Anzlvtica
Purchasar must detenmins the suitability of the product far ils particular use. Flasss ses e lalest e lp ke
catalo of arder invoica and packing slip for additienal terma and conditions of ala. SErainHamson Fead

Hallelonie, PA 15825 0048 LSA,
Fhorssfi1A) Ae-3441
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Certifikat analize EPK

Certificate of Analysis

DEECRIPTION: cis-5,8,11,14,17 Eicosapentacncic, ME
CATALOG WO.: 47571-0 MFG OATE: Apr-2011
LOT NO.: LEE3ITO EXPIEATION DATE: Apc-2014

SOLVENT: HEPTANE

Ch3 PERCENT WEICHT[Z] ANALYTICAL{3) ETD BOPELLD
AHARLYTE HUMEER PRTTY (1} CONCENTEATION DEV LOT B
METHYL CIE-5,8,11,14,17-EICDEA A734-47-6 93.3 10000 9825 - 4dE.4 LEB3ZEE

{1} Determined by capillary GC-FID, mmless otherwise noted.

{2} HNIET traceable walghts are used to werify balance calibration with the preparation of each lot.
Concantration of analyte in solution is ug/ml +/- 0.5%, uncertainty based upon balance and
Class A volumetric glasswarz. Welghts are corrected for analytes less than 56% purc.

{3} Determined by chromatographic analysis against an independently propared reference lot. Moan of
replicate injections.

Tl By

Elwoad Doughity

o SUPELCO
Supslco warrants that s products conform to the informaion covtainad in this publicetion Amalrtica
Purchaser must detamine the suitabiity of the product forits paticular use. Please soa the latast i I
catalog of arder invoice and packing alip tor addtional tams and condtisns of sals. Sl MorhiHam son Fead

Bolloformia, P 158003 0042 LRSS,
P [F-4) 3503401
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Certifikat analize F.A.M.E. Mix C20:1-C20:5

Certificate of Analysis

DESCEIPTION: F.A.M.E. Mix CI0:1-C20:5

CATALOZ NO.: 13891Z- LANMP MFC DOATE: Apr-T011
LOT HO.: LBE3IBT0 EXPIRATION DATE: Apr-Z014
CAE FERCENT WEICET% (3} AHALYTICAL (4} BTD SUPELOD
AHALYTE i1} NUMEER PURITY [I]) CONCENTEATION DEV LOT NO
CIE-11,14-EICOSADIENCIC ACID M 2463-02-7 55.3 as.1 25.5 +f- 1.03 L331408
METHYL CIB-5,8,11,14-EICOEATET IEEE-85-4 55.6 as.o 2E.6 +- 1.18 LATETEd
METHYL CIE-5,8,11,14,17-EIDO3A ITIL-4T-E 55.3 as.1 L +f- 1.11 L383057
NETHYL ETCOEENOATE 2330-05-2 BE.1 4.5 24.2 +- l.02 LATEEET

{1) Listaed in alphabatical order.

{2) Determined by capillary GC-FID, unless otherwise noted.

13) Weight percant of analyta, caloulated by using analyte weights. The Total may nob equal 100% duc
to rounding. Weight concentrations may nob remain stable after opening, even if rosealed.
NIET-Traccable weights ara used to werify balance calibration with the proeparation of cach lot.

{4) Determined by chromatographlic analysis against an independently prepared reference lot. Mean of
replicate injections.

7D

Elwrad Delighly

Gk Manager SUPELIG'U

Supelco warrants that its products cordorm to the information contned in this publication
Purchasar must detenmine the suitability of the product far ils particular use. Flaass see e lalest

catalog of arder invace and packing slip for addiienal temms and conditions of sale. S5 Nem HameonRosd
Balleforte, PA 18223 0048 LSA,

Phorsfii4) A5
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Certifikat alfa linolenske kisline

SIGMA-ALDRICH -

3050 Spruce Street, Saint Louis, MO 63103, USA
Wehsite: www sigmaaldrich.com

Emall USA: techserwisial .com

Outside USA: eurtechserv@sial.com

Product Name: Certificate of Analysis

Meth linolenate - =99% (CC)

Product Number: L2626 ]

Lot Number: SLBB3252V

Brand: SIGMA OCH
CAS Number: 301 008 CHa{CH,)5CH, 3
MOL Mumber: MRCD00135851 | )

Fomula: C19H3202 CHa
Fammula Waight: 292 46 g/mal

Storage Temperature: Store at -20 C T o

Quality Felease Date: 28 NOV 2011

Recommended Retest Date: MOV 2018

Test Specification Result
Appaaranca (Colar) Colorless to Veary Faint Yalow Colorless
Appearance (Turbidity) Claar Claar
Appearance (Form) Liquid Liguid
Proton NMR spectrum Conforms to Structure Confoms
130 NMR Identity Conforms to Structure Confams
Purity [GC) > B8 % a8 %
Racommeandad Retest Paripd 00000 e
T years

Ly G,

Fodney Burbach, Manager
Analytical Semvices
St Louis, Missouri US

Sigma-Aldrich warrants, that a the time of tha quality release or subssquent retest date this product conformed to the information
contained in this publication. The current Spedification sheet may be available at Sigma-Aldrch.com. For futher inquiries, please contact
Technical Service. Purchaser must determine the suitability of the product for its particular use. See reverse side of invoice or packing
slip for additional terms and conditions of sale
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Ph Eur - Composition of fatty acids by GC

To (0.5 mL of the test solution amd of each of the reference
solutions in test-tubes, add 5.0 mL of a freshly prepared

0.5 g/L solution of methylbenzothiazolone hydrazone
hydrochloride R, Close the tubes, shake and allow to stand for
60 min, Add 1 mL of ferric chioridesulfamic acid reagent R
and allow Lo stand for 15 min, Measure the absorbance

(2.2 25) of the solutions at 628 nm. Calculate the content of
formaldehyde in the vaccine to be examined from the calibration
curve established using the reference solutions. The test is
invalid if the correlation coefficient {r) of the calibration curve
is less than 0,97,

Emulsions. If the vaccine to be examined is an emulsion, the
aquenus phase is separated using a suitable procedure and used
for preparation of the test solution. The following procedures
have been found suitable,

{2) Add 1.0 mL of the vaccing to be examined to 1.0 mL of
isopropyl myristate Rand mix. Add 1.3 mL of I M hydrochloric
acid, 2.0 mL of chloroform R and 2.7 mL of 2 9 g/L solution of
sodium chioride R. Mix thoroughly, Centrifuge at 15 000 g for
60 min, Transfer the aqueous phase toa 10 mL volumetric flask
and dilute to volume with water R, If this procedure fails lo
separate the aqueous phase, add 100 g/L of polysorbate 20 B
to the sodium chlorde solution and repeat the procedure but
centrifuge at 22 500 g.

{b) Add 1.0 mL of the vaccine to be examined to 1.0 mL of a
100 gL solution of sedium chioride R and mix, Centrifuge

at 1000 g for 15 min. Transfer the aqueous phase toa 10 mL
volumetric flask and dilute to volume with water K.

{c) Add 1.0 mL of the vaccine to be examined to 2.0 mL

of a 100 g/L solution of sedium chioride R and 3.0 mL of
chioroform R and mix. Centrifuge al 1000 g for 5 min, Transfer
the aqueous phase toa 10 mL volumetric flask and dilute to
volume with water R,

01/2008:20419

2.4.19. ALKALINE IMPURITIES IN
FATTY OILS

In a testtube mix 10 mL of recently distilled acetone R and
0.3 mL of water R and add 0.05 mL of a 0.4 /L solution of
bromophenol blue R in aleohol B Neutralise the solution if
necessary with 0.01 M hydrochloric acid or 0.01 M sodium
Rydroxide, Add 10 mL of the oil to be examined, shake and
allow to stand, Not more than 0.1 mL of 007 M hydrochloric
actd is required o change the colour of the upper laver Lo
yellow.

01,/2008:20421

2.4.21. FOREIGN OILS IN FATTY OILS
BY THIN-LAYER CHROMATOGRAPHY

Examine by thin-layer chromatography (2.2 27) using kfeselguhr
7 K as the coating substance. Impregnate a plate by placing it
in a chromalographic tank conlaining the necessary quantily of
a mixture of 10 volumes of ligulfd paraffin K and 90 volumes of
light pefroleum K so that the plate dips about 5 mm beneath
the surface of the liquid. When the impregnation mixture has
risen by at least 12 cm from the lower edge of the plate, remove
the plate and allow the solvent to evaporate for 5 min. Carry out
the chromatography in the same direction as the impregnation.
Preparation of the mixture of fatty acids. Heat 2 g of the oil
with 30 mL of 0.5 M alcoholic potassium hydroxide under

a reflux condenser for 45 min. Add 50 mL of water K, allow

Lo cool, transfer Lo a separating funnel and extract with three
quantities, each of 50 mL, of ether K. Discard the ether extracts,
acidify the aqueous layer with kydrochloric acid K and extract
with three quantities, each of 50 mL, of ether B, Combine the
ether extracts and wash with three quantities, each of 10 mL, of

water B discard the washings, dry the ether over anhydrous
sodium sulfate KB and filter, Evaporate the ether on a water-bath,
Use the residue to prepare the test solution. The fatty acids may
also be oblained from the soap solution prepared during the
determination of the unsaponifiable matter.

Test solution. Dissolve 40 mg of the mixture of [ally acids
obtained from the substance to be examined in 4 mL of
chloroform K.

Reference solution, Dissolve 40 mg of the mixture of fatty acids
obtained from a mixture of 19 wolumes of maize off B and

1 volume of rapeseed ofl B in 4 mL of chloroform R.

Apply to the plate 3 pL of each solution. Develop over a path of
Bem using a mixture of 10 volumes of water & and 90 volumes
of glactal acetic acid R, Dry the plate at 110 °C for 10 min.
Allow to cool and, unless otherwise prescribed, place the plate
in a chromatographic chamber, with a tightly fitting lid, that
has previously been saturated with iodine vapour by placing
iodine R in an evaporating dish at the bottom of the chamber,
After some time brown or vellowish-brown spots become
visible, Remove the plate and allow to stand for 2 few minutes.
When the brown background colour has disappeared, spray
with starch solution R. Blue spots appear which may become
brown on dryving 2nd again become blue after spraving with
water B, The chromatogram obtained with the test solution
always shows a spot with an K. of about 0.5 {oleic acid) and

a spol with an Ry of about 0.65 (linoleic acid) corresponding

to the spots in the chromatogram obtained with the reference
solution. With some oils a spot with an Ky of about 0.75 may
he present (linolenic acid). By comparison with the spot in the
chromatogram obtained with the reference solution, verify the
absence in the chromatogram obtained with the test solution of
a spot with an R, of about 0.25 (enucic acid ).

01,/2008:20422
corrected 6.8

2.4.22. COMPOSITION OF FATTY ACIDS
BY GAS CHROMATOGRAPHY

The test for foreign oils is carried out on the methyl esters
of the fatty acids contained in the oil to be examined by gas
chromatography (2£2.28).

METHOD' A

This method is not applicable to ofls that contain glycerides
of fatty acids with an epoxy-, hydroepoxy- hydroperoxy-
eyclopropyl or eyelopropenyl group, or those thal contain
alarge proportion of faliy actds of chain length less than

& carbon atoms or to oils with an acid value greater than 2.0.

Test solution. When prescribed in the monograph, dry the oil
tor be examined before the methylation step. Weigh 1.0 ¢ of the
oil into a 25 mL round-bottomed flask with a ground-glass neck
fitted with a reflux condenser and a gas port into the flask.
Add 10 mL of anhydrons methanol £ and 0.2 mL of a 60 g/L
solution of pofassium hydroxide B in methanol R, Attach the
reflux condenser, pass nitrogen R through the mixture at a
rate of aboul 50 mL/min, shake amd heal to boiling. When

the solution is clear (usually after about 10 min), continue
heating for 2 further 5 min, Cool the flask under running water
and transfer the conlents Lo a separating funnel. Rinse the
flask with 5 mL of heptane K and transfer the rinsings to the
separating funnel and shake, Add 10 mL of a 200 ¢/L solution
of sodium chloride R and shake vigorously. Allow to separate
and transfer the organic laver to a vial containing anfydrous
sodium sulfate R, Allow to stand, then filter,

Reference solution {a). Prepare 050 g of the mixture of
calibrating substances with the composition described in one
of the 2.4.22 tables, as prescribed in the individual monograph
{if the monograph does not mention a specific solution, use the
composition described in Table 2.4.22.-1). Dissolve in heplane R
and dilute to 50.0 mL with the same solvent,
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Relerence selution (), Dilute 1.0 mL of reference solulion {a)
to 10.0 mL with heptane K.

Reference solution (o). Prepare 0.50 ¢ of a mixture of fatty acid
methyl esters that comresponds in composition to the midure
of fatty acids indicated in the monograph of the substance to
be examined, Dissolve in heptane R and dilute 1o 500 mL with
the same solvent. Commercially available mixtures of fatty acid
methyl esters may also be used.

Codvermn
— material: fused silica, glass or quartz;
— size:!= 10030 m, @ = 0,208 mm ;
— stationary phase: macrogol 20 000 B {film thickness
. 140.5 pm) or another suitable stationary phase.
Carrier gas: helium for chromatography B or hydrogen for
chromatography R
Flow rate: 1.3 mL/min (for a column 0= 0.32 mm).
Split ratio: 1100 or less, according to the intemal diameter of
the column used (1:50 when @ = 0.32 mm).
Temperature:

column: in isothermal conditions, 160-200 °C, according to
the length amd type of column used (200 °C for a column
30 m long and coated with a laver of macrogel 20 000 K);
ifalinear temperature programming is necessary, raise the
temperature of the column ata rate of 3 *C/min from 170 °C
to 230 °C, for example;

fnjection port: 250 °C;
detector: 250 °C,
Detection: flame ionisation.
Infection: 1 uL.

System suitabilily when using the mixture of calibraling
substances in Table 2.4.22.-1 or Table 24.22.3:

— resolution: minimum 1.8 between the peaks due to methyl
oleate and methyl stearate in the chromatogram obtained

with reference solution {a);

signaldonoise ratio: minimum & for the peak due to methyl
myristate in the chromatogram oblained with reference
solution (b);

number of theoretical plates: minimum 30 000, calculated
[or the peak due Lo methyl stearate in the chromatogram
obtained with reference solution (a),

System suitability when using the mixture of calibrating
substances in Table 2.4.22.2:

resolution: minimum 4.0 between the peaks due to methyl
caprylate and methwl caprate in the chromatogram obtained
with reference solution (a);

signal-to-noise ratio: minimum 5 for the peak due to methyl
caproate in the chromalogram obtained with reference
solution (b);

number of thearetical plafes: minimum 15 000, calculated
for the peak due to methyl caprate in the chromatogram
obtained with reference solution {a),

ASSESSMENT OF CHROMATOGRAMS

Avoid working conditions tending to give masked peaks
{presence of constituents with small differences belween
retention times, for example linolenic acid and arachidic acid).

Qualitative analvsis. Identify the peaks in the chromatogram
obtained with reference solution (c) {isothermal operating
conditions or linear temperature programmi ng).

When using isothermal operating conditions, the peaks may
also be identified by drawing calibration curves using the
chromatogram obtained with reference solution (a) and the
information given in Tables 2.4 22,1, 2.4 22.2 or 2.4.22.3
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Table 2.4.22-1. - Mixture of calibrating substances (for gas
chromatography with capillary column and split inlet system,
it is recommended that the component with the longest
chain length of the mixture o be examined be added to the
calibrafion mixture, when the qualitative analysis (s done
using caltbration curwes)

Mixture of the following substances Composition (per cent mmb
Metiwl lawrate B 3
Mastyl miyrisgite 8 3
Mastel palniifafe & 10
Mashyl stea it R il
Meffad arachicak & A
Methyl oleaie & 2

Table 2.4.22.2, - Mixture of calibrating substances (for gas
chromatography with capillary column and split inlet system,
it is recommended that the companent with the longest
chain length of the mixture to be examined be added to the
colibration mixture, when the qualitetive analysis is done
using caltbration cumwes)

Mixture of the following substances Comn puition (per cent m/m)
Mastud caproats R 10
Methd caprylate i 1
Metfol capride R 2
Methl Lrvrate 8 20
Meatiwl myrisfake 8 Alp

Table 2.4.22.-3, = Mixture of calibrating substances (for gas
chromatography with capillary column and split inlet system,
it is ecommended that the component with the longest
chain length of the mixture fo be examined be added to the
calibration mixture, when the qualitative analysis (s done
using calibration cumes)

Mixture of the following substances Composition {per cent m/md
Methyl myristake & 5
Methl paimitale & 10
Methyl steqnrte R 13
Methwl arachilake B 20
Marhyl ofeate B 2
Mashyd afose noafe | 10
Marhyl hohenate R 1k
Methwl lignocerale # 1

Measure the reduced retention time (¢ 5 of each peak in the
chromatogram obtained with reference solution {a). {5 is the
retention time measured from the solvent peak and not from the
time of injection. Plot the straight line:

log {150 = 1 fequivalent chain lengihi

The logarithms of {5 of unsaturated acids are situated on this
line at points comresponding Lo non-integer values of carbon
atoms known as ‘equivalent chain lengths’; the equivalent
chain length is the length of the theoretical saturated chain
that would have the same ¢ 5, as the fatty acid to be identified.
For example, linoleic acid has the same £ as the theoretical
saturated fatty acid baving 18.8 carbon atoms,

Identify the peaks in the chromatogram obtained with the test
solution by means of the straight line and the reduced retention
times. Equivalent chain lengths are given in Table 2.4.22.4.

Quantitative analysis, In general, the normalisation procedure
is used in which the sum of the areas of the peaks in the
chromatogram, except that of the solvent, is set at 100 per cent.
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The content of a constituent is calculated by determining the
area of the corresponding peak as a percentage of the sum of
the areas of all the pexks. Disregard any pezk with an area less
than 0,05 per cent of the total area,

In certain cases, for example in the presence of fatty acids
with 12 or less carbon atoms, correction factors can be
prescribed in the individual monograph e converl peak areas
in per cent mm.

Table 2.4.22.4. - Fguivalent chain lengths (this value, which
is to be calcwlated wsing caltbralion curves, @ given ds an
example for a column of macroge! 20 000 R}

Carrer gas: helium for chromatography R,
Flow rate: 0.9 mL/min.
Split ratio: 1100,

Fatty acid Equivalent chain length
Capmic ack &0
Caprylic acid By
Capric acid 104
Lauric acid 124
Mamatic acl 4.0
Falmitic acid 1640
Palmitoleic acil 63
Margaric acid 174
Stearic acid 180
Oleic acid 183
Linalex: acx 188
Gammadinakene sid 15
Alpha-tinelenic acil 192
Arachidic ackl 0.0
Eicosenoic ackl {gondoic ackl) 0.2
Arachid onic acid 212
Behenic acid 220
Erucic acid L&
1 20mastearic acid 227
Ricineleic acid 39
12-Hydmxystearic ackl 149
Lignaceric acid 240
Nervanic acid 2

Temperature:
Time Temperature
{mind “Ch
Column - 13 1iH}
13-34 Tk — 255
6 -6l 225
Injection port 250
Detectar 250

METHOD B

This methed &5 not applicable fo oils that contain glycerides
of fatty acids with an epoxiy- hydroepoxis hydroperoxy-
cyclopropyl or cyclopropenyl group or to ofls with an acid
value greater than 2.0

Test solutfon, Introduce 0.100 gof the substance to be examined
intoa 1 mL centrifuge tube with a screw cap. Dissolve with

1 mb of feptane B and 1 mL of dimethi! carbonate K and mix
vigorously under gentle heating (50460 *C), Add, while stll
warm, | mL of a 12 g/L solution of sodium K in anhydrous
methano! K, prepared with the necessary precautions, and mix
vigorously for about 5 min. Add 3 mL of distilled water K and
i vigorously for about 30 s, Centrifuge for 15 min at 1500 g,
Inject 1 pl of the organic phase.

Reference solutions and assessment of chromalograms, Where
there is no specific prescription in the individual monograph,

proceed as described under Method A
Column:

— material; fused silica;

— size;[=30m, @=025mm;

— stationary phase: macrogol 20 000 & (Glm thickness
0,25 pm).

Petection: flame ionisation.
Injection: 1 plL.

METHOD C

This method & not applicable to oils that contain glycerides of
fatty ceiels with epoxys fudreepoxy hpdroperoxys aldehyde,
Ketone, cyclopropyl and cyclopropeny! groups, and conjugated
pedyunsaturated and acetylenic compounds because of partial
or complele destruction of these groups.
Test sofution. [issolve 0.10 g of the substance to be examined in
2 mL of a 20 g/L solution of sedivm hydroxide B in methano! #
in & 25 mL conical flask and boil under a reflux condenser for
A min. Add 2.0 mL of boron frifluoride-methanol solution R
through the comdenser and bodl for 30 min, Add 4 mL of
heptane R through the condenser and boil for 5 min. Cool and
add 1000 mL of saterated sodinm chioride solution & shake for
about 15 5 and add a quantity of safurated sodium chioride
solution K such that the upper phase is brought into the
neck of the flask, Collect 2 mL of the upper phase, wash with
3 quantities, each of 2 mL, of water & and dry over anfydrous
sodium sulfate K.
Reference solulions, chromatographic procedure and
assessment of chromatograms. Where there is no specific
prescription in the individieal monograph, proceed as described
under Method A

01,/2008:20423
2.4.23. STEROLS IN FATTY OILS
SEPARATION OF THE STEROL FRACTION
Prepare the unsaponifiable matter and then isolate the sterol
fraction of the Gty oil by thindaver chromatography (2.2.27),
using a TLC silica gel plate R witha 0.2 mm to 0.5 mm layer.
Test solution (af. Ina 150 mL flask fitted with a reflux
condenser, place & volume of a 2 gL solution of betidin R in
methylene chloride K containing betulin corresponding to
about 10 per cent of the sterol content of the sample used for
the determination {e.g. in the case of olive oil add 500 pl,
inn the case of other vegetable cils add 1500 pl. of the betulin
solution), If the monograph requires the percent age content
of the individual sterols in the sterol fraction, the addition of
betlin mav be omitted, Evaporate o dryvness under a current
of nitrogen K. Add 5.00 g (m) of the substance to be examined.
Add 50 mL of 2 M alcoholic potassium hydroxide R and
heat on o waterbath for 1 b, swirling [requently, Cool to a
temperature below 25 °C and transfer the contents of the flask
o & separating funnel with 100 mL of water K. Shake the liquid
carefully with 3 quantibies, each of 100 mL, of perovidefree
ether K. Combine the ether lavers in another separating funnel
containing 40 mL of water &, shake gently for a few mimtes,
allow to separate and reject the squeous phase. Wash the ether
phase with several quantities, each of 40 mL, of water K, until
the aqueous phase is no longer alkaline to phenolphthalein.
Transfer the ether phase to a tared flask, washing the separating
funmel with peroxide-free ether K. Distil off the ether with
suitable precautions and add & mL of acetene K to the residue,

57



Stefan Sabo

Analiza vsebnosti omega-3 mascobnih kislin v prehranskih dopolnilih

Ph Eur - Vegetable fatty oils

For avian vaccines, the safety test is generally carried out
using 10 SPF chickens 15.2.2), except that for vaccines not
recommended for use in chickens it is carvied out using 10 birds
ofone of the species for which the vaccine 15 recommended, the
hirds being free from antihodies against the disease agent for
which the vaccine is intended to provide protection.

348, Potency. The vaccine complies with the requirements of
the test mentioned under Immunogenicity (section 2-3-1) when
administered by a recommended route and method.

4. STORAGE

Store protected from light at a lemperature of 5 3 °C, unless
otherwise indicated. Liquid preparations are not to be allowed
Lo [reeze, unless otherwise indicated,

5. LABELLING

The label states

— that the preparation is for veterinary use,

— the volume of the preparation and the number of doses in
the container,

— the route of administrtion,

— the type or types of bacteria or viruses used and for live
vaccines the minimum and the maximum nuember of live
bacteria or the minimum and the maximum virus e,

— where applicable, for inactivated vaccines, the minimum
potency in International Units,

— where applicable, the name aml amount of antimicrobial
preservative or other excipient,

— Lhe name of any substance thal may cause an adverse
reaction,

— [or [reeze-dried vaccines
— the name or composition and the volume of the

reconstituting liquid to be added,
— the period within which the vaccine is to be used after
reconstitution,

— for vaccines with an oily adjuvant, that if the vaccine is
accidentally injected into man, urgent medical attention is
NECesSary,

— the animal species for which the vaccine is intended,

— the indications for the vaccine,

— the instructions for use,

— any contra-dndications to the wse of the product including
any required warning on the dangers of administration of
an overdose,

— the doses recommended for different species,

01/2008:1579
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VEGETABLE FATTY OILS
Olea herbaria

DEFINITION

Vegetable fatty oils are mainly solid or liquid triglycerides

of ftty acids. They may contain small amounts of other

lipids such as waxes, free fatty acids, partial glycerides or
unsaponifiable matters. Vegetable fatty oils are obtained from
the seeds, the fruit or the pit/stone/kemel of various plants by
expression and /or solvent extraction, then possibly refined and
hvdrogenated, A suitable antoxdant may be added il necessary,
Virgin ail: an oil obtained from raw materials of special
quality by mechanical procedures (e g, by cold expression or
centrifugation ).

feefined oil; an oil obtained by expression and for solvent
extraction, amd subsequently either alkali refining { followed by
bleaching and any deodorisation) or physical refining.
Hydrogenated off: an oil obtained by expression and. or
solvent extraction, and subsequently either alkali refining or
physical refining, then possible bleaching, followed by drving,
hyd rogenation and subsequent bleaching amd deodori sation.
Only alkalivefined oils are used in the manufacture of parenteral
preparations,

PRODUCTION

Measures are taken to ensure that the oil complies with the limit
for benzolalpyrene decided by the competent authority, A limit
of 2.0 ppb is set in Commission Regulation (EC) Mo, 20872005,

ORTENTION OF A CRUDE OIL

Where the plant has a high oil content, the oil is generally

obtained by expression under heating followed by an extraction;

where the plant has a low oil content, the oil is generally
obLlained by direct extraction,

Mechanical procedures

A, Expression

High-pressure screu-pressing. It consists of some or all of the

following steps: cleaning, drying, dehulling or decorticating,

grinding, cooking and flaking.

During cleaning the foreign matter is eliminated. Dryfng may be

necessary if the seed moisture content is higher than desirable

for downstream processing, Decorticating is useful to obtain a

high-protein meal by reduction of fibre and to reduce impurities

in the oil. Cooking serves various purposes: completion of

the breakdown of oil cells, lowering of the viscosity of the

oil, coagulation of the protein in the meal, adjustment of the

moisture level, sterilisation of the seed, detoxifving undesirable

seed constituents (gossypol [or cotlonseed) and [iXing cerlain
phosphatides in the cake thus lowering subsequent refining
losses, The efficacy of the expression process is such that only

3 per cent to 6 per cent of the oil is left in the cake.

Wet screw-pressing. The bunches are loaded into cages

{for palm fruit) and moved into a horizontal steriliser with

application of live steam and heating. The purposes of Lhis

steriliser are inactivation of enzymes, loosening of the fruit

on Lhe bunch, coagulation of proteins, ete. After heating in a

digester, the pulp is fed to a screw-press. The oil is centrifugally

clarified and vacuumdried.

Pre-pressing followed by solvent extraction. The same

sequence of steps is perfomed as above, The main function of

prespressing is o obtain a cake of excellent permeability for the
following solvent extraction stage, The extraction is performed
either in a percolationtype or in an immersiontype apparatus.

The efficacy of the solvent extraction process is such that

residual oil levels in meal are generally below | per cent

B. Centrifugation

Centrifugation separates the oily phase from the aqueous phase,

which contains watersoluble components and residual solid

particles, This operation can be carried oul wsing:

— self<leaning bowl or disc centnfuges;

— super<decanters, which are horizontal turbines equipped
with a eylindrical bowl that tapers slightly at one end and
which contains a continuously turning screw that serapes the
sides of the bowl; the screw and the bowl rotate at different
speeds: the solid particles are discarded from the tapered
end of the bowl and the oil [lows oul [rom the other end.

Solvent extraction. Prior to extraction, the ollowing steps

are carried out: the seeds are tempered for about a week at

a temperature below 24 °C in order to loosen the huall from

the seed and allow the seed moisture to attain equilibrium,
then the seeds are cleaned, ground, dehulled and flaked, The
most widely used solvent is a mixture of mainly n-hexane

and methylpentanes (bp: 6570 °C) commonly referved to as
‘hexane’. Due to the major fire and explosive risks of this
mixture, liquified gases and supercritical gases may also be used.
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REFINING

The objective of refining is to remove impurities and
contaminants of the oil with the least possible damage to the
triglycerides and with minimal loss of oil, The contents of the
following substances are reduced

free fatty acids, which may cause deterioration of the oil by
ouidation, a smoked taste when heated and a sharp flavour
(b 2lkali refining):

— water, which favours the enzymatic hydrolysis reactions (by
alkali refining, drying);

partial glycerides, which may cawse foaming and a bitter
Laste (by neutralisation, washing);

phosphatides and phosphorous compounds, which have
emulsifying properties and may cause deposits, a darkening
of the oil when heated, a cloudy appearance and bad
organoleptic stability (by alkali refining);

colouring matters such as chlorophyll (by alkali refining) and
carotennids (by bleaching);

glvcolipids, which may form colloidal solutions with water;
free tydrocarbons, paraffin, waxes and resinous materials ;
metals (Fe, Cu, Ph, Sn, Pt Pd, ete.), which are strong
oxidation catalysts;

pigmenls such as gossypol {in collonseed oil) or mycoloxing
such as aflatoxin (mainly in arachis seeds);

pesticides;

oxidation products {aldehydes, peroxides);

proteins having possible allergic reactions;
unsaponifiable matters {sterols, tocopherols and other
vitamins);

polycyclic aromatic hydrocarbons,

Alkali refining. It involves the ollowing steps: degumming i
necessary, neutralisation using alkali, washing and drving,
Degumming. During this step of the refining, i.e. treatment
with water and/or phosphoric acid and/or sodium chloride,
the phosphatides, phosphorous compounds and metals are
eliminated. The wse of this step depends on the nature of the oll,

Neutralisation with alkali. This step reduces the freefattyacid
content below 0.1 per cent; the fatty acids are converted into
oikinsoluble soaps, also called ‘soapstocks’. Other substances
may be removed by adsorption on these soaps: mucilaginous
substances, phosphatides, oddation products, colouring
matters, etc. All substances that become insoluble in the oil
on hydration are removed. Neutralisation with alkali has the
disadvantage of saponifving a portion of neutral oil if the
neutralisation is not well conducted.

Washing. This operation consists in removing the excess of
soaps and alkali as well a5 the remaining lraces of melals,
phosphatides and other impurities, using hot water,

Drying. The remaining water is eliminated under vacuum
before any further steps, such as bleaching.

Physical refining. Il involves a steam treatment of the oil
under high vacuum at a temperature greater than 235 °C.
This technique can only be applied to oils naturally low in
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phosphatides and metals {palm and coconut) or [rem which
phosphatides and metals have been removed by an acid
treatment using concentrated phosphoric acid followed by
an adsorptive treatment with activated bleaching earth {[or
sunflower, rapeseed, soya-bean), Moreover, it cannot be used
for heatsensitive oils (cottonseed oil), which darken,

Bleaching The common method of bleaching is by adsorption
treatment of the oil, which is generally heated at 90 °C

for 30 min under vacuum, with bleaching earth (natural

of activated) or carbon {activated or not); synthetic silica
adsorbents may also be added. Substances thal have nol been
totally removed during refining are eliminated, for example
carotenoids and chlorophyll,

Deodorisation. Deodorisation eliminates odours, volatile
substances and any residual extraction solvents ; it involves
injecting dry vapour into the oil, which is kept under vacuum at
a high temperature. Different temperatures are wsed according
o the oil; 2000235 °C for 1.53 hor greater than 240 °C for

A0 min.

One of the main side reactions is thermic decolourisation due to
the destruction of carotenoids when the lemperature is greater
than 150 *C. This technique provokes a loss of substances that
may be distilled (free fatty acids, sterols, tocophernls, part of
the refined oil), and may cause cfstrens isomerisalion of the
unsaturated fattvacid double bonds,

WINTERISATION

Elimination of solids and waxes by filration at low temperature
(also called dewaxing). These solids and waxes could affect the
appearance of the oil and cause deposits,

HYDROGENATION

The hydrogenation of the dried and/or bleached oil is
performed wsing a catalyst fe.g Ni, Pt Pd), at a temperature

of ahout 100-200 °C under hydrogen pressure, The catalyst

is then removed by filtration at 80 *C. The hydrogen must be
pure: free of poisons for the catalyst, water-free, and low in
catbon dioxide, methane and nitrogen contents. Small amounts
of polymers may be obtained. Transfatty acids are formed
during partial hvdrogenation,

CHROMATOGRAPHIC PURTFICATION

In high purity applications, mainly for parenteral uses, the oil
may be further purified by passing the oil through 2 column
containing an activated earth. A solvent may sometimes be
wsed to improve the efficiency. High-polarity molecules, such
a5 oxidised matenals, acids, alcohols, partial glvcerides and free
sternls, are preferentially vemoved,

When the oil is wsed in the manufacture of parenteral
preparations, the limits set in the monograph for the acid value,
the peroxide value and the water content may be different,

LABELLING

The label states:

— where applicable, that the oil was obtained by expression
or exlraction;

— where applicable, that the oil is suitable for use in the
manufacture of parenteral preparations,
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Clanek In situ preparation of fatty acid methyl esters for analysis of fatty acid composition
in foods

In Situ Preparation of Fatty Acid Methyl Esters for Analysis of
Fatty Acid Composition in Foods

P.W PARK and R.E. GOINS

ABSTRACT

Lipid extraction preceding fatty acid methyl esters (FAME) preparation
for gas chromatography is time-consuming and cumbersome, We omit-
teed the lipid extraction and performed in sity transesterification (ISTE)
by heating lipid-containing foods at 90°C for 10 min after adding 0.5N
NaOH in methanol for methanolysis and contimed heating another 10
min for further methylation after adding 14% BF, in methanol. FAME
prepared by ISTE showed fatty acid composition virtually identical to
FAME prepared after lipid extraction from powder, liquid, phospholipid-
rich, and tissue products. Due to its simplicity, speed, and reduced or-
ganic solvent usage, ISTE should be useful to determine overall fatty
acid composition of foods.

Koy Words: fatty acid, methy) esters, in situ transesterification, gas chro-
matography

INTRODUCTION

FATTY Acins are usually converted into corresponding methyl
esters (FAME) to improve volatility and to reduce peak tailing
for gas chromatography (GC). Usually, FAME can be conven-
iently prepared by heating lipids with a large excess of either
acid- or base-catalyzed reagents. Whereas acid-catalyzed
reagents form FAME from both free fatty acids and O-acyl lip-
ids (Morrison and Smith, 1964, Christie, 1992), base-catalyzed
reagents cause only transesterification, ie. conversion of O-acyl
lipids to FAME and do not usually form FAME from free fatty
acids (Luddy et al, 1968; Glass, 1971). A base-catalyzed re-
action is a useful alternative to acid-catalyzed reactions when a
lipid sample contains acid-Jabile fatty acids such as cyclopro-
penoids, present in seed oils from the Malvales order, such as
cottonseed oil (Park and Rhee, 1988; Gaydou et al,, 1993). To
effect solubilization of nonpolar lipids such as tracylglycerols
in methanol, the predominant solvent in derivatization reagents,
benzene is frequently added to the derivatization reaction mix-
ture (Sukhija and Palmaquist, 1988; Sattler et al., 1991; O"Keefe
et al., 1994). However, due to health concerns, use of benzene
is discouraged. To help solubilize nonpolar lipids, methylene
chloride (Einig and Ackman, 1987; Iversen et al., 1992, toluene
(Ulberth and Henninger, 1992), and tetrabydrofuran (Christie,
1992) have been used in place of benzene.

Conventionally, a lipid extract has been used for FAME prep-
aration regardless of transesterification procedure and solubiliz-
ing reagents employed (Koletzko and Bremer, 1989, Wang et
al., 1990; Hoffman and Uauy, 1992; Morchouse and Ku, 1992;
Park and Washington, 1993; Sigurgisladottir and Palmadottir,
1993; O'Keefe et al., 1994). Lipid extraction from products in
which lipids are associated with proteins such as cmulsified for-
mulated products or muscle foods is cumbersome and time-con-
suming. Also, inefficient lipid extraction could lead to erroneous
analysis of fafty acid composition. If the extraction step could
be omitted and FAME could be prepared in situ from lipid-
containing foods, the simplified procedure would save labor,
increase sample throughput and reduce organic solvent waste.

Authors Park and Goins are with Mead Johnson Research Center,
Mead Johnson Nutritional Group, 2400 W. Lioyd Expressway, Ev-
ansvifle, fN 47721,

Dircet FAME preparation without prior lipid extraction was
used on microorganisms (Abel et al., 1963) and cereal grains
{Welsh, 1975) without comparison to other methods. By heating
feedstuffs and feces in benzene and methanolic HCI, Quten et
al. (1976) prepared FAME which had a fatty acid composition
comparable to FAME prepared through saponification followed
by methylation or transesterification of lipid extract (Sukhija and
Palmquist, 1988). That method, however, required pretreatment
of samples for moisture removal in addition to prolonged heat-
ing of a reaction mixture (2 hr at 70°C). Moisture at > 2.5% of
the reaction mixture hindered the transesterification reaction (Ul-
berth and Henninger, 1992). To minimize the interference from
watcr, Browse et al. (1986) included 2,2'-dimethoxypropane in
the methanolic HCI and improved the transesterification of leaf
lipids. However, unreacted reagent was ascribed to spurious
peaks on the chromatograms (Shimasaki et al,, 1977), Dahmer
et al. (1989) prepared FAME by heating soybean seed meal in
hexane and methanolic sulfuric acid which resulted in < 70%
conversion of the seed oil to methyl esters. This might have
been due to a relatively short heating time (20 min at 90°C)
since a 98% recovery was obtained with tripalmitin using similar
reagents and a longer heating of 3 hr at 95°C (Welsh, 1975).
Nonetheless, that inference was not persuasive considering the
complete methylation of lipids in biological materials exposed
to similar reagents at —65°C (Dugan et al., 1966). By heating
lyophilized lipoprotein with methanolic BF, (90 min at 110°C),
Sattler el al. (1991} obtained higher FAME yields than from the
transesterification of lipid extract. Lepage and Roy (1986) re-
ported FAME preparation by heating at 100°C for 60 min var-
ious biological specimens in methanol-benzene (4:1, v/v)
following addition of acetyl chloride. This method, after modi-
fication to a milder reaction condition, was used to selectively
methylate plasma free fatty acids (Lepage and Roy, 1988; Welz
et al., 1990). Compared with acid catalysis, only a few methods
have utilized basc-catalyzed reagents for direct FAME prepa-
ration (Hougen and Bodo, 1973; Long et al., 1988). This may
be partly due to the greater interference of water in base-cata-
lyzed transferification, because free fatty acids resulting fom
lipid hydrolysis are not methylated.

Methanolic BF, alone or in combination with methanolic so-
dium hydroxide is a popular method to prepare FAME from
lipid extracts. We explored in situ transesterification through
aleoholysis with methanolic sodium hydroxide followed by fur-
ther methylation with methanolic BF,, which had been success-
ful in preparing FAME directly from ground peanuts (Barnes
and Holaday, 1972). We found that FAME could be obtained
directly from dried and also liquid samples with < 1 hr total
sample preparation time, Such FAME had fatty acid composi-
tions virtually identical to those obtained by transesterification
of lipid extracts. Qur objective was to study the in situ transes-
terification procedure for FAME preparation and its broad ap-
plication potential as demonstrated with various samples.

MATERIALS & METHODS
Materials

Infant farmulas, Ready-to-use Enfamil® and ProSobee® (Mead John-
son Mutritionals, Evansville, IN), and Ready-to-feed Similac® and Isom-
il® (Ross Laboratories, Columbus, OH) were purchased from a local
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60



Stefan Sabo

Analiza vsebnosti omega-3 mascobnih kislin v prehranskih dopolnilih

supermarket. Powdered formula (containing sbout 30% fat on a dry ba-
sig) was produced in & pilot plant; it was similar in composition to the
Enfamil® Premature Formula (Mead Jehnson Nutritionals) except that it
contained different amounts of com oil, soybean oil, cocomut oil, and
medium-chain triacylglycerols. A sample of human milk was obtained
from a breast feeding mother at abont 38 wk lactation. Fresh whole egg
{Grade AA), calf liver, rainbow trout, and beef (USDA choice] were
also purchased from & local supermarket. All stendard lipids and quan-
titative reference mixtuses were purchased from Nu Chek Prep, Inc. (Ely-
sian, MN). Methanalic BF, (14%, w/v) was purchased from Pierce Co.
{(Rockford, IL). Reagent grade chemicals were hexane, anhydrons so-
dium sulfatc, sodium hydroxide, sodium chioride, chloroform, and meth-
anol,

Tn situ transesterification (ISTE)

The following amounts of lipid-containing foods were transferred into
glass test tubes (13 » 100 mm): 50 mg powdered infant formula, 100
WL liguid infant formulas, and 150 pL human milk, Egg yolk (1g), after
separation from the epg white, was diluted with 4 mL distilled water
(DLW.), and a 150 UL aliquot was transferred into the test tube. Calf
liver (1g) was homogenized with 2 mL D.W, using a Tissumizer (model
§D18-10, Tekmar, Cincinnati, OH), and 300 pL homogenates were used,
After removal of visible fat, 2g each of rainbow trout and beef muscle
was homogenized similarly with 4 mL D.W., respectively. Aliquots of
homogenates (100 pl) were transferred into the test tube. The ISTE
procedure wis a modification of the AOCS Offical Methods (1980) for
FAME preparation from fats and oils. Methylene chloride (100 pL) and
1 mL 0.5N WaOH in methanol were added to each aliguot of lipid-
containing foods. After being flushed with nitrogen and capped with
Teflon-lined screw caps, the test tubes were heated in & water bath at
80°C for 10 min. The test tubes were removed from the water bath and
allowed to cool bricfly before addition of 1 mL 14% BF; in methanal,
After nitropen flushing and screw-capping, the heating continued in &
water bath at 50°C for 10 min, Test tubes were removed and cooled to
room temperatore (~23°C). One mL D.W. and 200500 pL hexane were
added to the test tubes and then FAME were extracted by vigorous
shaking for about 1 min, Following centrifugation, the top layer was
transferred into & vial for GC analysis.

Lipid extraction and transesteriication (LETE)

Transesterification was carried oul as described except it was done
with the lipid extract. Lipids were extracted from all samples except
powdered infant formula according to the method of Folch et al, (1957).
Briefly, 60 mL CHCL,-CH,OH (2:1, v/v) was used to extract 3 mL liquid
infant formula and humzn milk. Egg yolk (1g) was extracted with 20
mL chloroform-methanal. Calf liver, rainbow trout, and beef muscle (1g
each) were homogenized with 20 mL chloroform-methanal, respectively.
Tissue shurries were chilled in ice water during homogenization, Hom-
ogenates were filtered through Whatman filter paper (ro. 1) and filtrates
were collected. The filter paper and residue were re-cxtracted with 10
mL chloroform-methanol and filtered again, The combined filtrates were
washed with 0.2 volume NaCl solution {0.73%, wiv) to remove nonlipid
contaminants. The lower layer was collected after centrifugation. Mois-
ture in the lipid extract was removed by drying over anhydrous sodium
sulfate. Solvents were removed by rolary vacunm evaporation (Buchi
Rotavapor R110, Brinkman, Westbury, NY) followed by nitogen flash
evaporation (N-zvap, Organomation Associates, South Berlin, MA). The
powdered infant formula (2g) was reconstituted into 12 mL DWW, and
then extracted with 28 mL cyclohexane-ethyl acetate (9:1, w/v). The top
layer after centrifugation was similerly freed of moisture and solvents.
The lipid extracts were redissolved into methylene chloride so that 100
pL. aliquots contained 2-6 mg extracts.

Thin layer chromatography (TLC)

The progress of the ISTE reaction was qualitatively examined by TLC
of lLipids cxtracted after alcoholysis and further methylation, respectively.
Prior to extraction, the reaction mixture resulting from slecholysis was
acidified with 10N HCI (< pH 2) and then immediately extracted with
1 mL hexane, The extracts were freed of solvents and redissolved into
200 uL hexane, The extracts (2 ul) were spotted onto & silica gel G
chromatoplate (Analtech, Inc., Newark, DE), developed in 2 solvent sys-
tem of hexane:diethyl ether:acetic acid (85:15:1, vovev), and then charred
with 2 spray of 50% sulfuric acid-dichromate followed by heating,
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GC analysis

The fatty acid composition of FAME was analyzed by GC using a
Hewlett Packard 5890 Series 11 gas chromatograph equipped with a
flame ionization detector (FID) and a 7673 autosampler (Palo Alto, CA).
Chromatographic data were recorded and stored in an IBM computer
(PS/2 model 80) using Turbochrom software (PE Nelson, Cupertina,
CA). The analytical colomn was a fused silica capillary Supelcowax 10
(032 mm X 30 m, 0.25 um film thickness) from Supelco, Inc (Belle-
fonte, PA). The oven temperature was programmed from 100°C to 190°C
at 15C/min and then 1o 245°C at 5°C/min. Split injection was made at
an 80 to 1 ratio. The carrder gas was H, and the make-up gas, N,. The
injector was maintained at 250°C and detector at 300°C. FAME were
identified by comparison of retention times with standards and quantified
by direcily taking area percent as weight percent, This was based on the
observation that area percents of FAME in quantitative reference
mixtures {(Nu Chek Prep, Inc., catalog no, 17A, 3B, and 3C) were in the
range of 98.1 to 104.3% of the weight compositions, For weight com-
position of FAME of infant formulas, peak areas were corrected using
theoretical FID response factors caleulated according to the method of
Ackman and Sipos (1964). This was due to considerable deviation in
area percent of methyl caprylate and methyl caproate from stated weight
compositions in the reference mixture (19A from Nu Chek Prep, Inc.).

Statistical analysis

All data are mean values * standard dewiation (M £ S.D.) from six
preparations with a single injection each, unless otherwise stated,

RESULTS & DISCUSSION
Powder sample

For conventional FAME preparation, the lipid extracts are
reacied in organic solvents which are mainly methancl, Since
derivatization reagents are moisture-sensitive, moisture contam-
ination in the lipid exiracts must be avoided to assure complete
methylalion reactions, We carried out ISTE for & powdered in-
fant formula first because it contained only a small amount of
moisture, usually < 2.5% (w/w). Our hypothesis for ISTE was
that lipids, among the other ingredients, would be the primary
constituent affected by 1STE rcactions, i.e., hase-eatalyzed meth-
anolysis followed by further methylation. Thus the resulting
FAME would be the major reaction products preferentially ex-
tracted with hexane. Throughout the reaction process, no clump-
ing of powdered samples in the organic solvent medinm was
observed. However, following addition of methanolic sodium
hydroxide and shortly after heating began, the reaction mixture
turned brown, indicating Maillard reactions. Powdered infant
formulas contain high amounts of proteins and carbohydrates,
(=~12% and 54% respectively) and glycosylamine formation for
Maillard reaction is facilitated in basic solutions (Whistler and
Daniel, 1985). Thus we expected that brown coloration would
increase under the basic conditions of ISTE. Nevertheless, when
FAME were extracted with hexane, no apparent indication of
brown color contamination occurred in the extract. This result
seemed reasonable because Maillard browning reaction products
would hardly be extracted into the nonpoar solvent due to the
many remaining alcoholic groups on the sugar moiety.

Qualitative examination of the ISTE reaction was carried out
by TLC (Fig. 1). Triacylglycerols in the reaction mixture were
1o longer observed after heating the powder sample in the meth-
anclic sodinm hydroxide for 10 min at 90°C; instead, FAME
and free fatty acids appeared (lane 2). When the reaction mixture
was heated for 5 min, the similar result was observed (mot
shown) indicating both transesterification and saponification oc-
curred. This suggested that direct transesterification by use of
only base-calalyzed reagent, as reported by Long ct al. (1988)
who reacted oflseed meals with 0.8 N methanolic sodium meth-
oxide:hexane (3:2, v/v) at 80°C for 10 min, may not be satis-
factory. The production of both FAME and unintended free fatty
acids could be misleading although the disintegration of O-acyl
lipids would be satisfactory. Glass (1971) reported that meth-
anolysis preceded saponification. Thus FAME were produced
predominantly with trace amounts of free fatty acids when com
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Fig. 1=Thin layer chromatogram of lipid extracts from in sity
transesterification of powdered infant formulas, Lane 1, before
reaction; lane 2, after heating in meathanolic sodium hydroxide;
lane 3, after further reaction with methanolic BFy; and lane 4,
standards containing methyl oleate (A}, triolein (B) and oleic acid
{C}.
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Fig. 2—Typical gas chromatogram of fatty acid methyl esters pre-
pared from human milk by: A, jn sity transesterification and B,
lipid extraction and transesterification. Peaks: S, solvent; 1, 8:0,
2,10:0, 3, 12:0, 4, 14:0, 5, 14:1w5; 6, 15:0, 7, 18:0, B, 16:1w7: 9, 17:
0; 10, 18:0; 17, 18:0w0; 12, 18:1w7(7); 13, 18:2u6; 14, 18:3u6; 15,
18:3w3; 16, 18:4w3; 17, 20:0; 18, 20:1w3; 18, 20:2wh; 20, 20:3wk; 21,
20:4wB; 22, 22:6w3; and 23, 22:6e3.

oil was heated in 0.5N methanolic sodium hydroxide for 3 min.
However, as heating time was prolonged, saponification became
more prevalent than transesterification leading to more free faity
acids than FAME (Glass, 1971). After further reaction with
methanolic BF,, free fatty acids disappeared and only FAME
were noted (lane 3) which confirmed previous reports (Glass,
1571). These results indicated that our ISTE procedure led to
FAME preparation directly from samples without prior lipid ex-
traction,

GC analysis of FAME prepared by the [STE method pro-
duced reproducible fatty acid profiles and peaks ranging from
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methyl caprylate to arachidate which we anticipated bascd upon
the known composition of oils in the powdered formula. Gas
chromatograms showed no extraneous peaks which might have
originated from reactions other than the intended transesterifi-
cation reaction. A very high precision of quantitation was ob-
served, cocfficient of variation < 1.5% (Table 1). Fatt}r acid
compasition of FAME prepared by ISTE was virtually identical
to that of FAME prepared by conventional lipid extraction and
transesterification (LETE). Although linolenic acid was present
at low levels as the most unsaturated acid, good agreement was
observed for its content between FAME by ISTE and FAME
by LETE. This suggested that powdered infant formula could
be subjected directly to transesterification and that prior lipid
exiraction was unnecessary. No difference was observed without
use of methylene chloride and nitrogen flushing of headspace,
but they were included due to ease and potential benefits (so-
lubilization and oxidation suppression).

Liquid samples

Water would interrupt the transesterification reaction and also
may hydrolyze the ester bond in FAME, The ISTE applicability
to aqueous samples was tested with liquid infant formulas as an
example of emulsified, formulated samples with high moisture
content. During base-catalyzed methanolysis, the reaction mix-
ture remained a solution, and again intense browning developed
as heating continued. GC analysis of FAME by ISTE of Enfam-
il® liquid formulas revealed fatty acid compositions similar to
FAME by LETE (Table 1). Fatty acid composition of FAME
prepared by the two methods displayed practically no difference
for the other liquid formulas tested, Similac® (Table 1), Pro-
Sobee®, and [somil®. Fatty acid composition of ProSobee® and
Isomil® (from 4 replicates), was virtually identical to that of
Enfamil® and Similac® (data not shown). These liquid formulas
contained about 87% water, Thus, the sample aliquot used (100
WL) provided about 4.3% (v/v) water in the derivatization mix-
ture. Lepage and Roy (1986) reported that the presence of water
up to about 5% of reaction volume did not adversely affect ISTE
for which lipid-containing samples were heated in methanol-
benzene (4:1, v/v) with acetyl chloride. Liguid formulas had
different protein compositions, i.e. predominantly bovine whey
proteins (Enfamil®), predominantly bovine caseins (Similac®),
and soy protein isolates (ProSobee® and Isomil®). They had
many other nutrients to serve as a sole food for infants, thus the
effectiveness of ISTE with liquid infant formulas indicate its
broad applicability.

This was further confirmed by the virtually identical fatty acid
composition of human milk for which FAME were prepared by
ISTE and LETE, respectively (Table 1). Unlike commercial in-
fant formulas, human milk contains small amounts of arachi-
donic (ARA) and docosahexaenoic acids (DHA), which are
long-chain w-6 and -3 fatty acids, fespectively (Harzer et al.,
1983; Martin et al., 1993). Our human milk specimen displayed
DHA at trace levels (below 0.1%) by both methods. Good agree-
ment was observed for ARA; the difference in ARA between
the ISTE and LETE methods was about 10% at a minor level
{(-36% vs .4%). Gas chromatograms of FAME prepared by the
two procedures (Fig. 2) show despite severe browning reactions
during ISTE, no extraneous peaks occurred other than those of
FAME, and the fatty acid profiles matched. The highest moisture
level tolerable for ISTE was not specifically determined. How-
ever, successful results were obtained with a 200 pL aliquot of
human milk, suggesting that about 8.5% (v/v) water in the total
reaction mixture did not impair the ISTE.

Phospholipid-rich product

Lipids of infant formulas and human milk consist of about
98% triacylglycerols (Jensen and Jensen, 1992). Egg yolks are
rich in phospholipids, comprising about one-third of the lipid
fraction (Powrie and Nakai, 1983). To test whether ISTE could
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Table 1—Fatty acid composition [weight %) of FAME prepared by two different procedures for powdered and liquid foeds

Fatty Powdered formula Ready-to-use Enfamil Ready-to-feed Similac Human milke

peld® ISTEDR LETE" ISTE LETE ISTE LETE ISTE LETE
a0 26220367 25212045 1.2B+0,03 1.31=0.02 266007 2.56=0.10 r Ir
10:0 11,840.03 12.3920.04 1.05+0.02 1.08+0.01 2.27+0.03 221008 1.71+0.02 186013
120 8.36+0,03 9552002 8.57=0.08 858001 1832=000 1850048 6.5420.20 B.50+0.23
14:0 3.85+0,02 3.97+0.04 388006 380000 7.28:+0.03 7.31%0,16 587012 688012
18:0 7.25+0.08 5.98+0,03 23.60=0.38 2375016 9.99+0.07 998+0.26 16.6840.27 16.59+0.07
18: w7 tr tr tr tr tr tr 257=0.08 2.85+0.03
18:0 221+002 207002 486+0.05  4BE=0.08 4155001 4032002 7232008 TaBe003
151w 13082012 13.4120.00 37042043  38E6x0.14 17,72+0.04  17.85+0.08 I7.681£051 37652062
18:2u6 2545013 24312017 17452078 17.72+0.43 3253010 33.25=0.67 16482050  16.50+0,14
18:3:3 181001 1.7820.01 1,65:+0.04 164001 4912019 4,96 0,04 0.55+0.04 0,73+ 0.02

8 First figure relars to number of carbons; aecand figure ta numbar of deaohls bands.
bl gitw transesterification.

£ Lipid extraction and transester|flzation.

4 Mpan *+ standard devistion.

% For faity acids not presented |< 4%), see Fig. 2,

b, lave,

Table 2—Fatty acid composition (weight %) of FAME prepared by two different procedures for egg yolks and tissus praductss®

Fatty Egg yolk Calf liver Ralnbow trout Baof muscle

acid ISTE LETE ISTE LETE ISTE LETE ISTE LETE
14:0 03700 0.36=0.01 1.21£0.03 1.23=0.02 4.20+0.08 4162010 1.2020.07 1.36=0.01
Link nd nd 1.02+0,08 1.0220.03 nd nd 3.14x0,13 3212007
16:0 26,60=0.07 WHE1x0.22 13.48+0.37 14.24+0,23 20.00=0,12 19,82+ 0.07 18.58+ 0,82 17.74+0.26
1817 33200 3.37x0.08 1.55+0.04 1.64+0,04 7.5520.41 163032 5504047 4.80+0,09
17:0 il nd nd nd 0.54+0.02 057001 1.3320.11 1,352 0.08
16:3(7) nd nd 034002 0.32+0.03 0.2320.01 0.25+0.00 1.57+0.47 1.82+0.06
180 8.80+0.01 872+0.08 23.24x0.14 23.13=0.24 483=0.08 4.77+0.04 B8.40x0.21 876=0.08
1878 44,66+ 0.08 44,94 +0.38 18.82+0,23 1849019 20522016 20,36 +0.15 36.23+0.88 3747047
18: 2w 1145015 11.73+0.08 17.1620.23 17.43+0,18 10.40+0.07 10.26+0.06 11.6220.39 10332011
18:3u3 0.17+0.00 0.16=0.00 0.46+0.03 0.43+0,02 1.10+10,03 111003 i tr

20: 1wl 0.20+0,00 0.18=0.01 038002 0.32=001 1152003 1.20+0.01 tr tr
20:3u6 0.27+0,00 0.24+0.01 4841007 4832007 1.19=0,02 1.18+0.03 1.01+0.07 1.23+0.06
20406 1.63+0,02 158+0.02 8.26+0.14 9382017 0.84+0.01 0.87+0,02 £.59+0.09 8.19+0,08
20503 nd nd 0.26+0.01 0.24£0.01 547 +0.02 5.37+0,05 0.81=0.06 0.86=0.02
22:5u3 nd nd 1.685x0.02 .65+ 006 1.98+0.02 201001 1r Ir
2263 0.27+0.00 0.28+0.01 243+005 2.35+0.00 14.87+0.19 1455+ 0.07 nd nd

8 Lagends sarma as Table 1.

b Fatty acids [< 0.8%) not presented Include: 18:1t07) and 2153 in app yolk; 18:147), 16:2(7), and 20:2 in calf Fver; 15:0, 16:2(7). 20:8w3, and 21:Bu3 In rainbow trout; and 141,

1E2(7), 18:2(7), and 16:8(7] in beef mustla,
nd: not detectad, ir: trace,

be applied to foods containing phospholipids, we subjected egg
yolks to ISTE, Prior to reaction, cgg yolks were diluted with
water so they could remain in contact with reactants. Unlike
infant formulas and human milk, the egg yolk reaction mixture
did not develop brown color, which could be attributed to the
low carbohydrate level in egg yolks (Powrie and Nakai, 1985).
The fatty acid composition of FAME prepared by ISTE agreed
well with that of FAME obtained after LETE (Table 2).

Tissue products

The applicability of the ISTE method to preparing FAME
from membrane lipids was tested with calf liver, rainbow trout,
and beef muscle. Cell membranes were disintegrated through
homeogenization to expose lipids to ISTE reagents. The soft liver
tissues facilitated homogenization with D.W. for ISTE, and with
chloroform-methanol for LETE. GC analysis revealed virtually
identical fatty acid compositions between FAME prepared by
the two procedures (Table 2). Fatty acid composition reportedly
varied with the part of the fish body (Kinsella et al., 1977). To
improve sample homogeneily, the fish meat was homogenized
with water and divided into two groups. One group was used
for ISTE, and the other was further homogenized with chloro-
form-methanol for lipid extraction. The two different FAME
preparations showed excellent agreement in faity acid compo-
sition. Both preparations were rich in w-3 fatty acid showing
almost identical amounts of eicosapentaenoic acid (EPA) and
DHA (Table 2). Because only fish flesh was used for faty acid
analysis, most polyunsaturated fatty acids (PUFA) likely came
from muscle cell membranes, These results verified the yse of
the ISTE method to prepare FAME from structural lipids of
tissue samples rich in FUFA.
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Beef muscle was the only sample which did not initially yield
reproducible fatty acid composition data. Although good agree-
ment was observed for most fatty acids, a notable difference in
ARA between the two methods was frequently found. ARA was
higher to varying extents in FAME by the ISTE method than
by the conventional LETE method. The overall fatty acid com-
position showed relatively small amounts of ARA, compared to
its high content in phospholipid fraction (Allen and Foegeding,
1981), Thus we suspected that insufficient homogenization prior
to lipid extraction may block leaching by the extracting solvents
of membrane lipids associated with proteins. The more harsh
conditions of ISTE (base-heating) would help disintegrate mem-
brane lipids leading to higher ARA. Unlike the soft tissues of
calf liver and fish muscle samples, prolonged homogenization
of beef muscle samples with chloroform-methanol eventually
led to fatty acid composition similar to that by the ISTE method
(Tahble 2). Although a few unidentified peaks were noted, only
one reached a notable level (about 3.29). That peak was present
in both FAME preparations indicating that it was not caused by
the method difference.

CONCLUSIONS

TrEe ISTE METHOD omitted lengthy lipid extractions, Instead,
FAME were prepared directly from base-catalyzed methanolysis
followed by further methylation reactions. GC analysis of
FAME prepared by the ISTE revealed fatty acid composition
virtually identical to that of FAME prepared from lipid extracts
of various samples ineluding powder, liquid, phospholipid-rich,
and tissue products, Although brown coloration developed dur-
ing ISTE of some samples, it did not interfere with GC analysis
of fatty acid composition, The successful performance of the
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ISTE method with complex samples demonstrated its broad ap-
plicability for FAME preparation. Due to its simplicity, speed,
and precision, the method should be useful in fatty acid analysis
to determine overall fatty acid composition of foods rather than
individual lipid classes, ¢.g. for nutrition labelling purposes,
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