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Markmid verkefnisins var ad auka skilning & ahrifum oxunar i fiskvédva sem
ryra bragdgadi og neringargildi fisks. Metin voru ahrif vidbattra nattlrulegra
praavarnarefna eda andoxunarefna til ad bata stddugleika fiskafurda og pannig
auka moguleika & notkun fisks i tilbana rétti. Fosfélipida likan Gr porski var
notad til ad skoda ahrif praahvata (bl6drauda Ur porski og bleikju) og praahindra
i vokvafasa Ur loonu og ur islenskum pérungum. Einnig voru skodud ahrif sudu
0og Vvidbattra praavarnarefna 4 bragdeiginleika og myndun svokallads
upphitunarbragds i sodnu fiskhakki.

Ahrif oxunar & himnubundin fosf6lipid og protein i fiskvodvalikani og i
fiskhakki vid hitun og geymslu voru mald med skynmati, litmalingum,
hefdbundnum pranunarmalingum (TBA), gasgreinimalingum til ad bera kennsl
& rokgjorn lyktarefni og harpipu rafdreetti (capillary electrophoresis, CE) til ad
greina peptid og aminésyrur sem ahrif hafa & bragd og lifvirkni. Skodud voru
tengsl & milli pessara pétta til ad skyra og skilja betur oxunarferli i fiskvodva og
pa petti sem takmarka geymslupol tilbdinna fiskafurdoa. Helstu neikvaedu ahrif
oxunar & ga&oi fisks voru myndun lyktarefna, adallega aldehyda, sem eru
nidurbrotsefni fitusyra. Himnubundna fitan i mégrum fiski getur pvi haft mikil
ahrif & bragogeedi tilblinna matveela pratt fyrir a0 vera i litlu magni.
Oxunarhvatar eins og bldo i holdi og suda leiddu til hradari oxunar, sem synir ad
med réttri blédgun og mildri hitamedferd maetti takmarka oxun og vidhalda betur
bragogedum fisks. Auk pess ma draga Ur oxuninni med notkun a
andoxunarefnum. Malingar & andoxunarvirkni loonusods i fiskvédvalikani
syndu ad breytilegir ytri peettir eins og arstidasveiflur og medhdndlun
loonuhraefnis geta haft ahrif & andoxunarvirkni. Nynami i pessu verkefni eru
grunnrannsoknir & ahrifum praahindra Gr lodnu og pérungum asamt breytingum
sem verda a nidurbrotsefnum vid sudu sem hafa bein ahrif & bragdgedi
vérunnar. Ranns6knum a pessu svidi er haldid afram i nyjum verkefnum par sem
16g0 er ahersla & ad skoda betur néttirleg andoxunarefni Gr loonu og pérungum,
sem og heilsubatandi &hrif peirra.
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Summary in English:

The aim of the project was to study the effect of heating on oxidation of
phospholipids, and the role of antioxidants in fish muscle to influence sensory
quality and nutritional value. A phospholipid model from cod was used to study
the effect of pro-oxidants (hemoglobin from cod and trout) and antioxidants in
aqueous fraction of capelin and in seaweed extracts. The effect of heating and
the addition of antioxidants on the sensory quality and the development of
warmed-over-flavour (WOF) in fish mince were also studied.

The development of degradation compounds in washed cod model system during
storage and heating was studied by sensory analysis, colour measurements,
traditional lipid oxidation analysis (TBA) and gas chromatography analysis to
identify volatile compounds. Capillary electrophoresis (CE) was applied for the
analysis of peptides and amino acids that influence the sensory quality and
bioactivity. The correlation between these analyses was studied to better
understand the oxidation processes in fish muscle and to explain factors reducing
the shelf life of ready-to-eat fish products. Quality defects related to oxidation of
polyunsaturated fatty acids and formation of volatile compounds like aldehydes
contributing to rancidity and colour changes were enhanced by pro-oxidative
effects of blood and cooking. Membrane bound phospholipids are therefore of
concern as precursors for off flavour and quality defects in lean fish despite of
low fat content. Capelin broth appeared to have antioxidant effects in fish model
system whereas press juice from whole capelin exhibited pro-oxidant effects.
The outcome of this project is increased knowledge on oxidation in fish muscle
to underpin the development of healthy and tasteful fish products of high sensory
quality and nutritional values fulfilling the needs of consumers. Continued
studies have been established in new projects to further characterise the
antioxidant properties and possible health effects of capelin and seaweed
extracts.

English keywords:

oxidation , antioxidants, pro-oxidants, warmed over flavour (WOF), cod,
capelin

© Copyright Matis ohf / Matis - Food Research, Innovation & Safety




EFNISYFIRLIT

INNGANGUR ..o e 1
MARKMID ..o 2
STADA PEKKINGAR......oiii e 2
RANNSOKNARHUGMYND VERKEFNISINS........cooovoeviieieeeeeeee e 13
RANNSOKNARADFERDIR ........cooiuiieiieeiecet ettt 13
VERKPZAETTIR OG NIDURSTODUR ..ottt 15

Fosfolipidoa modelkerfi ur porski (Gadus morhua) — bPraahvatar r bl6oi bleikju og porsks16

Ahrif andoxunarefna tr vokvafasa lodnu i fosfolipida modelkerfi Gr porski ..................... 18
Skilgreining & innihaldsefnum og andoxunarvirkni i vokvafasa loonu og porsks............... 19
Ahrif sudu, upphitunar og vidbattra praahindra i porskhakki og porskvédvamédeli.......... 21
ALYKTANIR OG UMRZEDUR - AVINNINGUR .....cocoeereiseeeeesee e 22
HEIMILDASKRAX ..ot seeeeee st en sttt 26
AV 83 2N 1 S OSSPSR 33
Skra yfir greinar 1 visindarit, bokarkafla, birtar skyrslur, fyrirlestra og veggspjold............. 34
VIDAUKI Tttt ettt sb ettt e et e sbe e b s 42
Research methods and materials ...........coouiiiiiiiiiiiiie e 43
Methods for preparation of washed cod muscle and phospholipids model system.............. 43
Bleeding of fISh ......oouiiiie e 43
Preparation 0f ReMOLYSAte........cccuiiiiieiieiieeieece ettt 43
Quantifying hemoglobin levels in hemolysate............coccoeviiiiiiiiiiiiieeeee 43
Washed cod muscle and phospholipids model system...........cccceevvieriieriieriieniieiiecieeeeeee. 43
Preparation of 0Xidation SYStEIM ........ceuiiiuiiiiieiiieiieie et e 44
Heating of 0Xidation SYStEM........cciiuiiieiiiiieiiieeeiie ettt ettt e tee e eaee e sbeeesbee e nnee e 44
Chemical aNAlYSIS.......coueeiiriiiiiiitceet ettt 44
ProXimate analyS@S........c.eecuieriiiiiieiieeiieeie et eete ettt et e s e e e bt esabeeteeesaeesbeeesbeebaeeaaeenreennnas 44
101 5 S SO O O ORI 45
TV C ettt ettt et a et ettt et e a e bttt e s e bt et e et e bt et e e aeenaeenne e 45
L7222 A ST 45
Methods to monitor lipid OXIdAtION........ccueeriieriieiierie ettt ettt ae e 45
PeroXide VAIUE .......oiiiiiiiiieiiee et ettt et st 45
Measurement Of 1€d COLOT (@) ...uiiiiiiiiiiieiieeie et 45
Thiobarbituric Reactive Substances (TBARS) ......oooiiiiiiiiiiieeeee e 46
SENSOTY ANALYSIS ...vvieiiiiiieiiie et ettt et e eite et e st e ebeesteeebeestbeesseessseenseessseesseessseenseensseenns 46

Gas Chromtography analysis .......cccccoeeiirieniiiiniieee et 47



Headspace Solid Phase Microextraction (HS-SPME) / Gas Chromtography analysis (GC-O

ANA GC-FID) ottt e e e e tb e et e e e tb e e eabaeeeaeeesaseeesaseeenneas 47
TENAX pre-concentration and Gas Chromatography-Mass Spectrometry..............c.......... 47
Gas Chromatography-OlfactOmetry ..........cccuieriieriieiieeiieie ettt 48
Gas Chromatography-Mass SPeCtrOMELIY ........ceccviieiiiieiiieeciie et 48
Optimization and validation of the SPME method ...........ccccooiniiiiiiiniiiiicec 48
D 17 I 1 21 ) TSRS 49
{07 0151 111 EO OO USRS P PP UURURUSRPRRIII 50
Proximate analyses Of CaApPEIiN.......c.ceeiiiieiiiieiiieceece e 51
TVN - total volatile NIIrOZEN ....cc.uevuiiiiieiiiieie ittt 51
Protein content of aqUEOUS fTACtIONS ......ccuvieiieiiieiieiie et 51
ANTIOXTIAANT ASSAYS. .. uvreeutieiieetieeiieetee sttt et et e st te e bt e stee e bt e sateeabeesseesaseeseesnbeeseesaseenseesnnas 51
CRElating CAPACILY ...vveevieeiieeiieeieetieet e et e ereesteeeteesteeesbeesbeessseessaessseesseessseenseessseesseesssennseens 51
DPPH radical SCavenging CAPACILY ......eerueeeieeriieeiieniieeiiesteeieeseeeteesiteebeesneeebeesaeeeneesnnas 52
Oxygen Radical Absorbance Capacity (ORAC).......coocuieiiiiiiiiieeieceece et 52
Peptide analysis by Capillary Electrophoresis (CE) ......ccccooeeviiniininiiiniinieicnecieneeneeene 53
IMEALETIALS ...ttt sttt et a ettt st e bt et e s bt et eneeshe et e enteeneennea 53
Preparation of the low-molecular-weight peptide and free amino acid fraction.................. 53
Capillary electrophoresis analysis (CE) ......cccoovieviiiiiiiiieiieeie et 54
VIDAUKI T oottt b et nnenbeene s 55

Melingar & lyktarefnum i porskvodvamodeli og porsksodi. Bestun (optimisation) og mat 4

adferd fyrir HS-SPME-GC-0 08 GC-FID .....ccccoiiiiiiiiiieieeeeeeee e 56
VIDAUKI TV ettt bttt b e bt et e et snnesbe e b 64
Analysis of amino acids and peptides using capillary electrophoresis  ..........cccccceeveuvennnee. 65
VIDAUKI V ettt bbbt ettt b et e e bt ebe s e e sbeebe s 72

The effect of heating and the use of antioxidants in washed cod muscle system and cod

TTHTICE. .entiiieitete ettt et ettt ettt et et sa ettt s ae et e et e a e bt e et e h e et eas e bt et eaneshe e bt eare bt enneen 73
The effect of thermal treatment on oxidation in washed cod model system........................ 73
Antioxidant activity of seaweed in cooked cod fish mince..........ccccceevvievienciienieniieeeee. 75



INNGANGUR

Neysla a tilbGnum matvelum hefur aukist mjog i Evropu & undanférnum arum. Neytendur
gera siauknar kréfur um frambod 4 tilbunum matvaelum an pess p6 ad varan glati mikilvaegum
eiginleikum eins og neringarinnihaldi og bragdgaedum. Jafnframt pvi eru auknar krofur
gerdar um ferskleika og aukid geymslupol. Til pess ad matveelafyrirtaeki eigi audveldara med
a0 sinna krofum markadarins um frambod 4 hollum fiskréttum er 1jost ad afla parf meiri
pekkingar a stodugleika tilbtinna fiskrétta og ahrif sudu 4 gadi afurda. Pad sem einkum er
takmarkandi vid notkun & fiski i forhitada tilbuna rétti er ad fiskur er mjog vidkvaem vara

vegna hés hlutfalls af fjslomettudum fitusyrum (FOFS) sem geta oxast og valda obragdi.

OXIFISH verkefnid var styrkt af Rannsoknasjodi Rannis og unnid i tengslum vid
Evropuverkefnid LIPIDTEXT sem er hluti af SEAFOODplus verkefninu i 6.RA ESB
(www.seafoodplus.org). Rannsoknarhugmynd verkefnisins er natengd rannséknum i
LIPIDTEXT verkefninu sem fjalla um hvernig koma megi i veg fyrir pranun i fiski til ad
vidhalda gedum badi hvad vardar naringarpetti og gadaeiginleika. Matis (adur Rf) er
patttakandi i verkefninu, en einungis er um ad reda samskiptastyrk en ekki fjarmagn til
rannsokna. Hugmyndin var pvi st ad méta rannsoknarverkefni med islenskum fisktegundum,
rannsOknaraherslum og nidurstodum til hagnytingar fyrir islenskan fiskidnad og jafnframt
stydja vid uppbyggingu & rannsoknatengdu ndmi. Sérstada pessa verkefnis umfram aherslur

LIPIDTEXT verkefnisins felst 1 eftirfarandi:

* Aukinn skilningur & oxunarbreytingum i fiskvédva par sem dahersla er 16g0 a

grunnrannsOknir & virkni prdahvata (Gr blodrauda bleikju og porsks) og praahindra eda

andoxunarefna i vokvafasa lodnu og i pérungum sem ekki hafa verid skodadir 4dur med

pessum haetti.

* Grunnrannsoknir 4 oxunarbreytingum vid sudu, sem hafa bein ahrif a4 lykt og bragdgeaedi

vorunnar fyrir neytendur, er skref umfram paer rannsoknir sem gerdar hafa verid i

LIPIDTEXT verkefninu.

* Malingar 4 rokgjérnum efnum til ad fylgjast med framvindu oxunar i
fosfolipidamodelkerfi og greining 4 peim efnum sem ahrif hafa 4 myndun bragd og lykt

tengdum sudu og hvatadri oxun er sérstada i okkar rannsdknum.




Hluti af nidurstodoum verketnisins hafa ni pegar verid birtar eda eru i birtingarferli sem
greinar i visindaritum, i skyrslum og sem erindi og veggspjold 4 alpjédlegum radstefnum (sja
Vidauka I). T pessari lokaskyrslu verkefnisins er gerd grein fyrir stédu pekkingar, verkpattum
verkefnisins, helstu nidurstodum og visad i birtar greinar, en auk pess eru nidurstodur fra
sidasta ari verkefnisins og samantekt og mat a rannsoknaradferdum i vidaukum. Ennfremur er

hér gerd grein fyrir dvinningi verkefnisins og neestu skrefum.

MARKMID

Markmid verkefnisins var ad skoda ahrif oxunar & himnubundin fosf6lipid, prétein og
praahindra/praahvata i fiskvoova sem hafa ahrif 4 bragdgedi og naringargildi fisks. Einnig ad
kanna ahrif ytri patta eins og sudu og notkun vidbattra praavarnarefna eda andoxunarefna &

oxun og myndun bragdgalla i sodnum porski.

STADA PEKKINGAR

branun 1 kj6ti og fiski er almennt 4litin byrja i himnubundinni fitu (Decker og Xu, 1998) og
rannsoknir Undeland, Hultin og Richards (2002) benda par ad auki til pess ad oxun i fiski sé
6had fituinnihaldi fisksins pvi vidbot priglyserida i fosfolipida-modeli af pvegnu porskhakki
(FMPP) hradadi ekki hemodglobin-hvatadri oxun. Hins vegar fundu somu hofundar ut ad oxun
jokst i FMPP vid pvottinn & porskhakkinu (Undeland, Ekstrand og Lingnert, 1998; Undeland,
Hultin og Richards, 2003) sem benti til pess ad pvotturinn skoladi Gt andoxunarefnum ur
vodvanum. [ rannsokn Undeland o.fl. (2003) kom fram ad vokvafasi sem unninn var Gr
hvitum porskvodva drd verulega Gr hemoglobinhvatadri oxun eda hindradi hana algerlega.
Efnin sem h6fou pessa hindrandi virkni voru stodug gagnvart hita en virkni peirra var orlitid
minni vid lekkad pH. Somu andoxunareiginleikar fundust i hitudum vokvafasa ar ysu,
sandkola og vetrarkola (Pleuronectes americanus). Nylega komu svo fram nidurstodur sem
benda til pess ad praahindrandi efni ur vokvafasa sildarvodva séu hitapolin og pvi ekki af
ensimtoga (Sannaveerappa, Undeland og Sandberg, 2004).

bessar nidurstodur koma heim og saman vid islenskar nidurstodur & vatnsleysanlegum efnum
ur lodnumjoli sem er hitad vid vinnslu (Margrét Bragadottir, 2001). Pratt fyrir hitunina
inniheldur lodnum;jél fituleysanleg andoxunarefni en pé6 mun minna en fersk lodna

(Bragadottir, Palmadottir og Kristbergsson, 2000). Vatnsleysin efni 0r lodnumjdli syndu



andoxunarvirkni i linolsyrumoédeli og ndnari melingar & peim syndu ad pau reyndust
innihalda virk vatnsleysanleg andoxunarefni af flokki fenola (Margrét Bragadottir, 2004).
Fendlsambond finnast oft i miklu magni i jurtarikinu og eru einna pekktust i kryddjurtum, tei
og raudvini. Vaxandi ahugi 4 pessum efnum tengist ekki bara andoxunareiginleikum i
matvelum heldur einnig i lifandi frumum og vidtekum ahrifum 4 heilbrigdi folks. bvi er
dhugavert ad rannsaka 4hrif fenolsambanda 4 oxun i fiski og sérstaklega ef pau finnast
nattirulega i vokvafasa fiska eins og lodnu. Fersk lodna er auk pess dhugaverd til rannsdkna
vegna pess ad hun hefur 6likt 60rum sambarilegum uppsjavartegundum mjog langt
geymslupol i frysti (Jangaard, 1974; Shaw og Botta, 1977; Botta, Lauder, Downey og Saint,
1983).

Hingad til hefur FMPP modelid einkum verid profad til pess ad fylgjast med oxun sem er
hvotud af blodrauda (hemoglobini) ur regnbogasilungi en einnig hefur verid profadur
bl6draudi ur tveimur uppsjavartegundum; makril (Scomber scombrus) og meinhaddi
(Brevoortia tyrannus), auk ufsa (Pollachius virens) og vetrarkola (Pleuronectes americanus)
(Undeland, Kristinsson og Hultin, 2004). Ahugavert er ad préfa modelid med blodrauda ur
tveimur islenskum eldisfisktegundum; bleikju og porski, med pad ad markmidi ad rannsaka
hvort blodraudi Gr pessum 6liku fisktegundum framkalli mismunandi myndefni oxunar og/eda
mismikla oxun. I pessu verkefni var kannad hvort porskur innihaldi vatnsleysanleg
andoxunarefni og hvort pau misstu virkni sina vid sudu. Einnig voru gerdar rannsoknir &
andoxunarvirkni i ferskri lodnu sem olikt flestum feitum uppsjavarfiskum er pekkt fyrir

stodugleika og langt geymslupol gagnvart oxun.

Vokvafasi, sem unninn er ur fiskvodva, inniheldur leysanleg prétein (sarcoplasmic proteins),
ensim, fjolpeptid, amindsyrur, blodpetti, amin (trimethylamine oxide og biogenisk amin),
nukleo6tid og Olifren steinefni, en morg pessara efna hafa andoxunarvirkni (Hultin, 1992a,
1994; Undeland 1997a) (Tafla 1). Carnosine, anserine og ophidine eru dipeptid sem eru medal
peirra fau peptida sem fundist hafa i fiski-extraxti. Pau innihalda 61l histidine og hafa sum
synt prahindravirkni (Decker og Xu, 1998). Glutapion er pripeptid (y-Glu-Cys-Gly) sem
einnig er pekkt sem praahindrar. Carnosine, anserine og glitanpion verda ekki fyrir miklum
ahrifum hitamedferdar en minnka vid geymslu 4 makril, vigablama (bluefish) og kalkin
(Decker og Xu, 1998). Fjo6laminin putrescine, spermidine og spermine, sem finnast i neer

Ollum vefjum dyra, hindra pranun og eykst virknin med auknum fj6lda aminhoépa (t.d.



spermine>spermidine> putrescine). Pvagsyra er efnasamband sem inniheldur amin og hefur
praavarnarvirkni. Hlutverk fjolamina og pvagsyru sem praahindra er litt pekkt. Auk
praahindra og/eda praahvatavirkni geta baedi amindsyrur og peptid gefid badi satt og beiskt
brago.

Tafla 1. beettir sem eru til stadar i fiskvodva og hvetja eda hindra oxun .

Hvarfefni Hvatar Hindrar / Andoxunarefni
fyrir oxun
Omettadar Malmar (Fe/Cu) Fituseeknir praahindrar (Lipophilic antioxidants)
fitusyrur Ensim (t.d. lipoxygenasi » Fenodlsambdnd
LOX) » a-tocopherol
Prétein Prétein sem innihalda jarn  « carotenoids
(Hemoglébin, myoglobin)
Surefni Vatnsseeknir praahindrar (hydrophilic antioxidants)
* Fenodlsambdnd

+ Glutathione

« C vitamin (ascorbate)

» Peptid, fidlamin
carnosine (B-alanyl-L-histidine)
anserine (B-alanyl-1-methyl-L-histidine),
ophidine (B-alanyl-3-methyl-L-histidine)

 friar aminosyrur (histidine)
« bvagsyra (urea)

braahindraensim

- superoxide dismutase.

- glutathione peroxidase o.fl.

geta fjarleegt virka surefnis radicala, vetnisperoxid og
fituperioxid

- Q-10 (ubiguinone)

Oxun - vixlverkun fitu og proteina i fiskvéova

Breytingar af voldum oxunar eda pranunar lipida eru oft ein helsta asteda fyrir gedaryrnun
matvaela. Pranun veldur praabragdi og olykt auk pess sem @skileg bragd- og lyktareinkenni
tapast. branun veldur einnig breytingum a lit, dregur ur naeringargildi og veldur myndun
stakeinda (free radicals) sem geta haft heilsufarsleg skadleg ahrif vegna hvarfgirni sinnar

(Grey, Gomaa og Buckley, 1996).

[ upphafsfasa oxunar myndst lipidstakeind sem hvarfast vid strefni og myndar
fitusyrustakeind (ROe) sem sidan getur hvarfast vid adra fitusyru og myndad hydroperoxid
(ROOR) i utbreidslufasanum (Mynd 1). Hydroperoxidin, sem kallast 1° myndefni fituoxunar,
eru lyktarlaus en brotna audveldlega nidur i 2°myndefni eins og aldehyo, alkohol og ketona

sem valda lykt. I sidasta skrefi Gtbreidslufasans myndast lipidstakeind (Re) og par med er



kominn grundvollur fyrir kedjuverkandi efnahvorf. Lokastig oxunar er efnahvarf tveggja

stakeinda med myndefni sem ekki getur f60rad utbreidslufasann.

hvati
Upphaf RH ——— stakeind (t.d. Re, ROQOe)+ He
ROOH + M3+ — ROOQe + He + M3*
ROOH + M2+ — ROe + ¢OH + M3*
2RO0OH — ROe + ROOe + H,0
Utbreidsla Re+ O, —— ROOe
ROOe + RH ———+ ROOH +Re
ROe + RH ———» ROH +Re
Lok Re + Re — » R-R
Re + ROe — R-0-O-R
ROQOe + ROOe — R-O-O-R+ 0,

Mynd 1. Upphaf, utbreidsla og lok sjalfoxunar. RH = fitusyra; Re (fitusyrustakeind); ROOe (peroxio stakeind);
He = vetnisstakeind; ROOH = hydroperoxid; M = malmur, t.d. jarn (Fe) eda kopar (Cu).

Oft hefur verid litid & post mortem breytingar a fitu og proteinum i vodva sem adskilin
vandamal en i raun er um vixlverkun & milli proteina og fitu ad reeda. Oxun himnubundinnar
fitu getur leitt til oxunar & 60rum efnum eins og proteinum og pradavarnarefnum i védva. Slik
efnahvorf eydileggja ekki adeins fitu, protein og praavarnarefni heldur geta myndad rokgjorn
efni sem valda praalykt, virkja proteasa (mykja voova), krossbinda prétein og mynda litarefni.
Ba0i innri og ytri paettir hafa ahrif & umfang pessara vixlverkana. Daemi um innri paetti eru
hlutfall edlissviptra préteina, skautun lipida og magn fjolomettadra fitusyra. Af ytri pattum
skiptir geymsluhiti mestu méli (Belitz og Grosch, 1987; Undeland, 1997b). Ozeskileg myndun
fiski- og praalyktar/bragds sem myndast vegna pessara efnahvarfa draga ur moguleikum a

vinnslu og geymslu ymissa fiskrétta og fiskafurda.

Tichivangana og Morrissey (1982) syndu fram & ad badi priglyserid og fosfolipid oxast i
fiskvoova og geta valdid myndun svokallads upphitunarbragds (warmed over flavor, WOF)
vid geymslu eftir sudu. Makrill, sem er feitur fiskur, pranadi mest og upphitunarbragd var

greinilegra eftir sudu i samanburdi vid magra fiska eins of porsk, ysu, lysing og millifeita



fiska eins og leirslabba (e. bream), kola og regnbogasilung. Magur fiskur, eins og porskur,
getur lika ordid fyrir pranun pvi hann inniheldur hlutfallslega meira af himnubundnum
fosfolipidum i vodva og par med meira af 16ngum fjolomettudum fitusyrum sem eru vidkem
fyrir pranun. Fosfolipid eru einn helsti flokkur himnubundinna lipida og innihalda mjog hatt
hlutfall langra fjolomettadra fitusyra. Pau eru pvi vidkvemari fyrir pranun heldur en
priglyserid i fordafitu, sérstaklega pegar btiid er ad vinna fiskinn 4 einhvern hatt pvi pa hafa
surefni og hvatar, eins og jarn Ur bl6di, meira adgengi ad fitusyrunum (Hultin og Kelleher,
2000; Frankel, 1998).

Uppsofnun 6bundinna fitusyra vid geymslu i frysti getur haft neikvaed ahrif &4 geedi fisks
(Hultin, 1992b). Uppsoéfnun obundinna fitusyra fra priglyseridum eda fosfolipioum hefur
verid tengd vid edlissviptingu proteina og aferdabreytingar, sérstaklega vid frostgeymslu.
Obundnar fitusyrur fra priglyseridum eda fosfolipidum eru vidkvamari fyrir oxun en estradar
fitusyrur. Obundnar fitusyrur geta valdid® myndun aukabragds, eydileggingu akvedinna
vitamina og amindsyra, breytingum & aferd og vatnsbindigetu 4dsamt pvi ad breyta ferli

lipidoxunar.

Hvotud oxun vid sudu - upphitunarbragd

Myndun upphitunarbragds (WOF) hefur verid rannsakad mikid i kjoti, frosnu hokkudu kjoti
og unnum kjotvorum en hefur litid verid skodad i fiski. Upphitunarbragd er bragdgalli sem
kemur einkum fram 1 upphitudu kjoti og fiski eftir undanfarandi geymslu 1 keeli 1 48 klst eda
minna. Upphitunarbragd er lyst sem skemmdarlykt, sem minnir & pappa, malningarlykt eda
praa (Love, 1988).

Hitun veldur hvotun 4 oxun fosfolipida med pvi ad; a) afmynda himnur sem i 6hitudum
frumum binda fosfolipid og préhvata, b) losa virkt jarn fra mydglobini og 60rum préteinum
sem innihalda jarn, c) breyta myodglobini i gerd sem veldur oxun, d) Orva nidurbrot
vetnisperoxida og loks med pvi ad e) afmynda ensimatisk andoxunarkerfi (Mielche og
Bertelsen, 1994). I kjoti sem inniheldur hatt hlutfall af fjslomettudum fitusyrum (FOFS) er
liklegra ad myndist upphitunarbragd samkvamt Cross, Leu og Miller (1987) sem syndu fram
4 ad hradi myndunar & upphitunarbragdi i eftirfarandi afurdum var i beinu sambandi vid
innihald peirra af FOFS: fiskur > kjuklingar> svinakjot > nautakjot > lambakjét. Jafnframt
hefur verid synt fram 4 ad mismunandi mikil tilhneiging milli tegunda til pranunar i forsodnu
kjoti megi einnig rekja til mismunar i innihaldsmagni 4 jarni og natturulegum prahindrum eins

og a-tokoferdli auk mismunar i fjolomettudum fitusyrum (Mielche og Bertelsen, 1994).



Sumar rannsoknir benda til pess ad med sudu s¢ ensimvirkni hindrud og geymslupol geti pvi
ordid lengra en fyrir ferskan fisk (Refsgaard, Brockhoff og Jensen, 1998; 2000). Fleiri
rannsOknir benda hins vegar til aukinnar oxunar eftir sudu m.a. vegna pess ad vid sudu rofna
frumuhimnur, himnubundin proétein edlissviptast og fitusyrurnar verda adgengilegri fyrir t.d.
surefni, jarn og adra praahvata, en jafnframt eydileggjast ensim og annars konar oxunarferlar
fara 1 gang eins og 4dur var lyst. Talid er ad pessi ahrif geri “heme” einingu hemdglobins
opnari og pvi virki afmyndun pess med sudu praahvetjandi (Hardy, 1980; Flick, Hong og
Knobl, 1992; Undeland o.l., 1998). Obundid jarn getur pa audveldlega oxast (Fe*" -> Fe'" )

og um leid myndast ébundnar stakeindir ur fitusyrum.

Rannsoknir 4 hitun eda sudu 4 fiski hafa synt mismunandi 4hrif &4 pranun (Hardy, 1980;
Undeland o.fl., 1998). Undeland o.fl. (1998) fundu ut ad forsuda oOvirkjadi praahvetjandi
ensim 1 hakkradri sild. Hins vegar dr6 ur virkni praahindra og virkni hemdproéteina o6rvadist,
og almennt kom fram hitadrvandi hvétun & pranun. Undantekningin var hitun undir 60 °C en
par leit ut fyrir ad meirihluti vatnsleysanlegra prahvata af ensimatiskum uppruna veeri
ovirkjadur an pess ad hemprotein afmyndudust. Rannsoknir a kjuklingum hafa einnig synt
minni pranun vid hitastig undir 60°C (Skipsted, Mikkelsen og Bertelsen, 1998). Hins vegar
getur lagsta hitastig til pess ad koma 1 veg fyrir upphitunarbragd mogulega valdid
vandamalum vardandi 6ryggi af voldum orvera. Hitun vid haerra hitastig en 100°C dregur tr
upphitunarbragdi, vegna myndunar 4 brunum efnum af Maillard gerd sem hafa
andoxunarvirkni (Bailey, 1988). Aftur 4 moéti getur matseld vid hatt hitastig dregid ur 6drum
gedapattum sem geetu haft 6fug ahrif & skynmat vegna minni vatnsbindieiginleika og mikillar

branunar.

Rokgjérn lyktarefni

Fiskibragd/lykt, malmbragd/lykt og upphitunarbragd/lykt er notad til ad lysa aukabragdi/lykt
af voldum oxunar i mismunandi tegundum matvala (Jacobsen, 1999). Nidurbrotsefni oxunar
a fjolomettudum fitusyrum hafa verid tengd vid myndun pessara lyktareinkenna og hafa mikid
verid rannsokud i ferskum og frystum fiski en minna i sodnum fiski. Stungid hefur verid upp
a4 ymsum efnum til ad fylgjast med framgangi oxunar og myndun upphitunarbragdefna i
tengslum vid praabragd i sodnu kjoti t.d pentanali, hexanali og 2,4-dekadienali (St Angelo,
Vercelotti, Dupuy og Spanier, 1987). I fiski hafa cis-4-heptenal (McGill, Hardy, Burt og
Gunstone, 1974; Hardy, 1980), 2,4-dekadienal og 2,4,7-dekatrienal verid tengd vid
lysispraabragd 1 fiski og fiskafurdum (Meijboom og Stroink, 1972; Karahadian og Lindsay,



1989), en 1jost er ad um samspil margra efna er ad reeda sem einkenna bragdgalla vegna ahrifa

oxunar (Lindsay, 1990; Olafsdéttir og Fleurence, 1998).

Nokkrar rannséknir a rokgjérnum nidurbrotsefnum i hitamedhondludum fiski hafa verid
gerdar med pad ad markmidi ad greina nidurbrotsefni sem gefa bestu visbendingu um pranun.
Medina, Satue-Gracia og Frankel (1999) fundu ad magn af 2-ethylfuran reyndist best til ad
spa fyrir um oxun i fiski sem melt var med hefdbundnum pranunarmalingum. Milo og
Grosch (1995) skodudu ahrif frystigeymslu (-13 °C) & myndun bragdgalla i sodnum porski og
silungi og greindu mismunandi efni i pessum tegundum (acetaldehyde, dimethyl sulphide,
dimethyl trisulphide og (Z)-1,5-octadien-3-one) i sodnum porski (Gadus morhua) og
acetaldehyde, propionaldehyde, methional, 1-octen-3-one og (Z)-1,5-octadien-3-one i sodnum
silungi (Salmo fario). betta er ahugavert par sem samsetning pessara tegunda er 6lik, einkum
hvad vardar fitusyrusamsetningu og hugsanlega prdahindra/hvata virkni i vodva pessara
tegunda. Pannig reyndust bragdgallar i porski tengjast trimethylamine, butane-2,3-dione,
methylpropanal og 2- og 3-methylbutanal (nidurbrotsefni fra aminosyrum), en i silungi voru
pad acetaldehyde, propionaldehyde, butane-2,3-dione, pentane-2,3-dione, og myndefni
oxunar & fjolomettudum fitusyrum (C6, C8, og C9 karbonyl sambond) sem attu patt i
bragdgdllum. Helsta bragdgallanum 1 porski var lyst sem “malty” sem var tengt vid aukningu

i 3-methylbutanal sem er nidurbrotsefni frd amindsyrunni iso-leucine (Milo og Grosch, 1996).

Rannsoknir 4 nidurbrotsefnum oxunar eru gagnlegar til pess ad skilja hvarfgang oxunar.
bannig er hagt ad rekja nidurbrot dkvedinna fitusyra eda annarra efna Ut fra pvi hvada
nidurbrotsefni myndast og sidan ut fra lyktareiginleikum og magni pessara efna eru bein
tenging vi0 bragd og lyktareiginleika sem metin eru med skynmati. Morg lyktarefni i fiski eru
til stadar i mjog litlu magni og erfitt er ad greina pau nema ad notast vid lyktargreiningu
(GC-0) par sem lyktarskynfeeri okkar eru mun namari en skynjarar gasgreina. A Matis hafa
verid stundadir rannsoknir 4 rokgjornum efnum i ferskum fiski (Gudran Olafsdéttir, Heida
Péalmadéttir, Régnvaldur Olafsson, Emilia Martinsdéttir og Ran Jonsdottir, 1993; Olafsdottir,
Martinsdottir og Jonsson, 1997; Olafsdéttir, Jonsdottir, Lauzon, Luten og Kristbergsson,
2005), verkudum hrognum (Jonsdéttir, Olafsdottir, Martinsdottir og Stefinsson, 2004),
bragdefnum ur sjavarfangi (Jonsdottir, Olafsdottir, Hauksson og Einarsson, 2007) og i
reyktum laxi (Jonsdoéttir, Olafsdottir, Haugen og Chaine, 2008). Borin hafa verid kennsl a
einkennandi efni sem ahrif hafa 4 lyktareinkenni pessara afurda bedi med GC-O og GC-MS.



Viobcett andoxunarefni

Eins og hér hefur verid rakid eru margir pettir sem hafa ahrif 4 oxun i fiskvodva (Tafla 1).
Notkun andoxunarefna 1 kjoti er betur pekkt en 1 fiski, t.d. notkun 4 nitriti. Prdavorn nitrits er
alitin vera tilkomin vegna pess ad pad skapar stoougleika i frumuhimnum, pad bindur jarn og
veidir stakeindir 1 gegnum virkni nitridoxids (Mielche og Bertelsen, 1994). Margar rannsoknir
hafa synt ad blanda af fjolfosfétum og askorbati hefur reynst hindra myndun
upphitunarbragds 1 kjoti med samvirkandi (synergyskum) heatti (Bailey, 1988), en askorbat
eitt og sér hafoi pverdfug ahrif i sodnum hokkudum fiski (Ramanathan og Das, 1992). Morg
praavarnarefni hafa verid préfud, badi efnaframleidd og nattiruleg, med mjog misgodum
arangri (Bailey, 1988; Mielche og Bertelsen 1994). Fjoldi rannsdkna hafa verid gerdar 4
virkni nattarulegra andoxunarefna sem eru 4 markadi og seld til notkunar i tilbinar kjotvorur.
Sem demi ma nefna, t.d. Grindox 1021 sem var profad dsamt rosemary, rutine (glykosio af
quercetin flavonoli og tvisykrunni rutinose), erythrobate (iso-askorbinsyra) og askorbinsyru til
pess ad draga ur pranun i purrgerjudum pylsum (Balev, Vulkova, Dragoev, Zlatanov og
Bahtchevanska, 2005). Grindox dr6 mest Ur pranun melt sem PV og TBA, 4 medan rutine drd
helst ur haekkun PV og erythrobate ir TBA. Annad demi er Herbalox, 250 ppm og Duralox,
200 ppm (blanda af kryddi, tokoferdli og sitronusyru) fra Kalsec Inc sem voru profud i
hakkad nautakjot (Formanek, Kerry, Higgins, Buckley, Morrissey og Farkas, 2001). Kjotid
var af dyrum sem fengu E-vitamin i f6dri. Til samanburdar var BHA/BHT (10 ppm af hvoru).
Badi Duralox og Herbalox reyndust draga ar pranun i liku meeli og BHT/BHA.

Virkni andoxunarefna getur verid 6lik vid mismundandi adstedur (Decker, Warner, Richards
og Shahidi, 2005; Jacobsen, Let, Nielsen og Meyer, 2008). Andoxunarefni sem virkar vel i
hreinni oliu getur virkad annan hatt vid adrar og floknari adstaedur, eins og i porskvodva, par
sem eru til stadar fosfolipid, vokvafasi, andoxunarefni og -hvatar (Tafla 1), en vinnsla eins og
hokkun og suda breytir lika adstedum verulega og getur dregid Ur virkni andoxunarefna. betta
torveldar val & andoxunarefnum til notkunar i kjoti og fiski en reynslan synir ad oft parf ad
blanda saman praahindrum med mismunandi virkni til pess ad koma i veg fyrir praahvotun og

auka likur 4 samvirkni peirra.

Efnaframleidd, fituleysanleg andoxunarefni hafa ekki reynst draga verulega Gr myndun
upphitunarbragdefna i kjoti (Bailey, 1988) nema pa i mjog haum styrk (St Angelo o.fl. 1987).
bad hefur litla hagnyta pydingu pvi ad i1 sodinn fisk ma ekki nota efnaframleidd
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andoxunarefni, nema tokoferdl, askorbinsyru, sitronusyru og solt af pessum syrum. Engin
hamarksgildi eru fyrir pessi efni en gata skal godra framleidsluhatta (GFH) vid notkun
aukefna (Reglugerd um aukefni i matvaelum nr. 285/2002).

Virkni vatnsleysanlegra og nattirulegra andoxunarefna eins og fendlsambanda og flavonida,
sem finnast oft i miklu magni i kryddjurtum, er likt og med 6nnur andoxunarefni mismunandi
eftir adstedum. [ rannsékn 4 sodnum hokkudum makril (Scomberomorus commersoni)
(Ramanathan og Das, 1992) reyndust baedi fendlsambond og flavonidar (200 mg/kg) draga
verulega ar pranun. Ef vatnsleysanleg andoxunarefni draga ur oxun i sodnum, feitum fiski
eins og makril er dhugavert ad skoda pad nanar, pvi fendlsambond finnast nattirulega i
sjavarlifverum. 1 islenskri rannsékn (Margrét Bragadottir, 2003) kom fram ad porungar
innihalda fenolsambdnd. Liklega ma rekja fendlinnihald i vatnsleysanlegum efnum i
lodnum;joli til faedu lodnunnar en han lifir ad mestu 4 raudatu og krabbaflém sem narist a
plontusvifi 1 sjonum (Vilhjalmsson, 1994). Fendlsambond hafa einnig fundist i ymsum
skeldyrum, en uppruni efnanna er talinn vera frad pdrungum eda plontusvifi (Pasquel og Babitt
1991). I OXIFISH verkefninu og i framhaldsrannséknum i tengslum vid doktorsverkefni

hefur athyglinni verid beint ad andoxunarvirkni islenskra pérunga.

[ rannsoknum i LIPIDTEXT verkefninu hafa verid profud ymis fendlsambond, beedi
efnaframleidd (synthetic); propyl gallate (PG), buthylatedhydroxytoluene (BHT) og
natturuleg; cinnamic acid og catechin. Tafla 2 er yfirlit um virkni andoxunarefna og synir
einnig byggingu peirra sem utskyrir hafileika peirra til ad hindra oxun. Nidurstodur fra
Institute of Marine Research CSIC & Spani syndu dhugaverda virkni pessara efna i hakki af
hestamakril. Pegar préfud voru andoxunarefni med 6lika efnabyggingu, syndu nidurstodur ad
caffeic, catechin og PG (100 ppm) drégu mest ur pranun (mazld med TBA) i hokkudum
hestamakril (4% fita) vid 4°C. Nanari profun & cinnamic syruafleidum syndi ad caffeic og
ferulic syrur (10 ppm) dréogu mestu ur pranun (TBA) i hokkudum hestamakril (1,5% fita) vid
4°C. Nidurstodur syndu ad molikulbygging efnanna skiptir miklu mali fyrir praavornina
(6birtar nidurstodur, LIPIDTEXT). Pannig er catechol hopur mikilvegastur og aukinn fjoldi
galloyl hopa minnkar virknina.

Erythrobate og onnur vatnsleysin prdavarnarefni hafa einnig verid profud til pess ad draga ar
pranun i fiskafurdum. Fylgst var med oxun i vinnslu og vid geymslu & sildarproteinum sem
unnin voru vid pH 2.7 (Undeland, Hall, Wendin, Gangby og Rutgersson, 2005). Nidurstodur
syndu ad erythrobate med eda an fosfats (STPP-sodium tripolyphosphate) eda EDTA dr6 ur
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pranun vid vinnsluna. Vid geymslu 4 is dr6 mest ur pranun ef praavarnarefnum var batt 1t i
sildarpréteinin baedi vid vinnslu og geymlu og EDTA var notad i stad fosfats. Erythrobat og
fosfat var notad i 200 ppm styrkleika en EDTA i 44 ppm.

Rannsokud voru ahrif praavarnarefna 4 oxun i hakkadri og sodinni sardinu sem geymd var vid
2 °C i 14 daga (Jittrepotch, Ushio og Ohshima, 2006). Viobot EDTA (2500 ppm) jok oxun
jafnt og pétt 4 medan nitrit (10 ppm) og askorbat (2000 ppm) hindradi pranun verulega
samkvaemt malingum med PV og TBA. bessi demi syna ad virkni andoxunarefna er
mismunandi eftir ytri adstedum eins og pH og samvirkni andoxunarefna. Auk pess hefur
komid i ljos i LIPIDTEXT verkefninu ad virkni andoxunarefna eins og caffeic syru er
breytileg i mismunandi modelkerfum eins og pvegnu fiskhakki, yrulausnum og lip6sémum og
pa skiptir lika mali leysanleiki prahindra i vatns- eda fitufasa og burdarefni peirra t.d. etanol
(6birtar nidurstodur).

Enn skortir verulega 4 skilning 4 andoxunarvirkni margra efna. I Bandrikjunum hefur verid
hafist handa vid ad mela andoxunarvirkni matvela & markadi med ORAC adferd i peim
tilgangi ad geta metid andoxunarvirkni faedisins i heild (Wu, o.fl., 2004). Til eru ymsar
adferdir til ad mala andoxunarvirkni og hver peirra hefur sinar takmarkanir. Olikum
adferdum ber oft ekki fyllilega saman par sem par byggjast & mismunandi ndlgunum og eru
pvi takmarkadar. Bent hefur verid a4 mikilvaegi pess ad proa areidanlegar adferdir sem geta
metid og borid saman andoxunarvirkni mismunandi efna i videigandi modelkerfum (Decker
o.fl., 2005; Laguerre, Lecomte og Villeneuve, 2007). Sum prof meta hversu vel
andoxunarefni binda hvarfgjarna radikala (t.d. DPPH og ORAC) og 6nnur meta virkni til ad
binda malmjoénir og einnig eru modelkerfi par sem vidkvaem efni eins og beta-karo6tin oxast.
betta médel hefur m.a. verid préfad & Matis med géoum arangri, en pad hefur pann galla ad

einungis er verid a0 meta hvetjandi/letjandi ahrif efna 4 oxun einnar fitusyru (lin6lsyru).
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Tafla 2. Virkni fyrsta og annars stigs andoxunarefna og demi um algeng efnaframleidd og natturuleg

andoxunarefni.

Virkni 1° andoxunarefna (radical scavengers)

Virkni 2° andoxunarefna

Hremma friar stakeindir (free radical scavengers)
Veita audveldlega vetnisatomum og mynda stodugar
stakeindir Ae vegna “resonance” dhrifa

ROQOe + AH — ROOH + Ae
ROe + AH — ROH + Ae
ROQOe + Ae - ROOA

ROe + Ae - ROA

Efnaframleidd andoxunarefni / praahindrar:
ﬂ\é/k 35\!/\/\
BHT Propyl gallate

(butylated hdroxy toluene)

Nattaruleg andoxunarefni / praahindrar:

a- tocopherol

HO. L0 N
\@) i '(KOH
OH

Flavone Epicatechin(flavan-3-ol)

o \ul
L]

Cinnamic syra Caffeic syra

0
CHsﬁg/\)kOH
H

Coumaric syra Ferulic syra

Verka dbeint med pvi ad:

Hremma malma (metal chelators)
Endurvirkja andoxunarefni med H+
Afoxa og ovirkja hvata (ekki radikala)
Hremma surefni (oxygen scavengers)

-  Dami: EDTA, sitrénusyra, polyfosfot,
ascorbic syra (C-vit.), protein, amindsyrur og
polysaccharide

- Allt eru petta vatnsleysin efni

- C-vitamin (ascorbic syra) hefur margpatta
virkni er t.d.: elektronugjafi, malmhremmir,
hremmir O,

o - A,
S 5

HO OH
Ascorbic syra EDTA
o]
¢ o
H N,
Histidine

- Demi um aminésyru med mikla
andoxunarvirkni, sem tengist hefni til ad
hremma malma og auk pess getur imidazole
hringurinn bundid singlet sturefni.
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RANNSOKNARHUGMYND VERKEFNISINS

Rannsoéknarhugmynd verkefnisins byggir 4 pvi ad afla grunnpekkingar 4 oxun fiskvodva sem
nytist til ad tryggja bragdgadi og naringargildi fiskafurda og uppfylla pannig parfir neytenda
um hollan og bragdgdédan mat. Rannsoknin felst i pvi ad nota fosfélipidamodelkerfi til ad

skoda oxun i fiski vegna hvotunar frd blodrauda og ahrif vatnsleysanlegra andoxunarefna.

Einnig ad skoda ahrif sudu sem hvetjandi pattar vid myndun bragdgalla i sodnum porski.

Af hverju fosfolipida modelkerfi?

Oxun fitu i matvelum er flokid fyrirbaeri og margir peattir sem geta haft ahrif. bess vegna er erfitt ad
rannsaka oxun, en til ad einfalda er i stadinn studst vid modelkerfi. Modelkerfi eru einsleit, oft byggd
eingdngu & priglyseridum eda fitusyrum (oleic-, linoleic- og linolenic syrur og EPA) og endurspegla pvi oft
ekki oxun i floknum kerfum eins og matvaelum t.d. fiskvodva.

Tilgatur um framgang og hrada oxunar eru byggoar 4 modelkerfum sem sidan eru sannreyndar i matvaelum.
Oxun himnubundinnar fitu { vodva er um margt frabrugdin pvi sem gerist i einfoldum modelkerfum byggd a
fitu. Fosf6lipid 1 vodva eru oft tengd proteinum, kolvetnum, ensimum, s6ltum, vitaminum og 60rum efnum
sem geta virkad sem pro- eda antioxidantar. Porskvodvamodelid er vel skilgreint fosfolipid modelkerfi sem
inniheldur nattarulega fitu ur porskvodva sem likist raunverulegum adstedum og hentar pvi vel til ad skoda

oxun i mdgrum fiski (Richards og Hultin, 2001; Undeland, o.fl., 2004; Decker o fl., 2005).

RANNSOKNARADFERDIR

Nidurbrotsefni i fiskvodva sem myndast vid hitun, geymslu og upphitun vegna oxunar,
vatnsrofs og annarra efnabreytinga i fiskholdi voru meld med skynmati, hefdbundnum
pranunarmelingum (TBA), gasgreinimelingum til ad bera kennsl & rokgjorn lyktarefni og
harpipurafdreetti (capillary electrophoresis, CE) til ad greina peptid og aminosyrur sem ahrif
hafa & bragd og lifvirkni. Skodud voru tengsl a4 milli pessara patta til ad skilja betur
oxunarferli 1 fiskvoova og til ad skyra betur hvada bragdpettir takmarka geymslupol tilbuinna
fiskrétta (sja itarlega samantekt & adferdum i Vidauka II).
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Af hverju er pérf a mismunandi adferdum til ad meta oxun?
Oxun er mjog f16kio ferli og naudsynlegt er ad beita mismunandi adferdum til ad fylgjast med framgangi oxunar

og myndun nidurbrotsefna, sérstaklega pegar um er ad rada flokid kerfi eins og fiskvodva (sja mynd 2).

Oxygen electrode PV Acid value, FFA
4 ‘\\A
AV (anisidine value)
Oxygen .
Xygen Peroxides TBA, Sensory, GC

uptake;

Concentration

Polymers
; ok Lo, Fluorescense
= Colorimetry, Sensory

Mynd 2. Deemi um framgang oxunar og nidurbrots & fitu og mismunandi maliadferdir. Strefnisupptaka med
Oxipres eda surefniselektrodu. Fyrsta stigs nidurbrotsefni eru meld sem peroxidgildi (PV peroxide value).
Melingar & 6bundnum fitusyrum gefa syrugildi. Annars stigs myndefni (aldehydar) eru mald med TBA,
skynmati og gasgreinimaelingum (GC). Pridja stigs myndefni eru fjollidur sem hagt er ad maela med flurljomun,

litamzelingum og skynmati

Hefobundnar oxunarmeelingar:

Fylgst var med prdnun med hefdbundnum melingum 4 myndun annars stigs myndefna
oxunar, TBA-gildi (TBARS-thiobarbituric reactive substances). Myndun peroxida var maeld
med ljosgleypnimalingum 4 utfjélublda svidinu vid 232 nm, sem er mealikvardi a
konjugerada diena (conjugated dienes, CD) og vid 268 nm, sem er maelikvardi 4 konjugerada
triena (conjugated trienes-CT). Sidastnefnda adferdin um melingar 4 fitu & Gtfjolublaasvidinu
hefur reynst gagnlegri en hefdbundin meling & peroxidgildi, pvi adferdin er svo nem ad haegt

er ad vinna med mjog 1itid magn af fitu, eins og er um magrar fiskafurdir.
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Gasgreinimeelingar: Mcelingar a lyktarefnum

Notadar voru “headspace” einangrunaradferdir par sem rokgjérnum efnum er safhad & gildru
(TENAX) og tveir gasgreinar (HP5890; HP GCD G1801C) med mismunandi nemum voru
notadir til ad bera kennsl & lyktarefnin. Notadur var gasgreinir med massagreini (gas
chromatography mass spectrometry, GC-MS) til a0 f4 massar6f efnanna og pannig bera
kennsl & pau. Lyktargreining med "sniffer" (gas chromatography olfactometry, GC-O) sem
byggist &4 pvi ad lykta af efnum pegar pau koma af gasgreinisilunni var notud til ad bera
kennsl 4 lyktarefni sem eru til stadar i mjog litlu magni en valda einkennandi prda- og
fiskilykt. Morg lyktarefni i fiski eru til stadar i mjog litlu magni og erfitt er ad greina pau
nema ad notast vid lyktargreiningu vid gasgreinimalingar (GC-O) par sem lyktarskynfeeri

okkar eru mun nemari en skynjarar gasgreina. Fyrir pessar malingar var gerd bestun og mat &

adferd (sja vidauka III).

Greining & rokgjornum lyktarefnum til ad fylgjast med framvindu oxunar i
fofolipidamoddelkerfi er nynemi par sem samberilegar rannsoknir hafa einungis skodad

framgang oxunar med hefobundnum pranunarmalingum.

Skynmat var notad til ad greina pranun par sem proskuldsgildi myndefna pranunar eru mjog
lag og lyktarskynfaeri folks mun n@mari en ymiss teki geta greint. Samanburdur skynmats og

efnamelinga & myndefnum lipidoxunar er naudsynlegur pattur i slikum rannséknum.

VERKPZATTIR OG NIDURSTOBDUR

Verkefninu var skipt i fjéra megin hluta:

o Fosfolipida modelkerfi ur porski (Gadus morhua) — Praahvatar ur blodi bleikju og
porsks (Verkpattur 1)

e Ahrif andoxunarefna ar vokvafasa lodnu i fosfolipidamodelkerfi ar porski
(Verkpattur 1)

e Skilgreining 4 innihaldsefnum og andoxunarvirkni i vokvafasa lodnu og porsks
(Verkpattur 2)

e Ahrif sudu og vidbattra praahindra ur lodnu og pérungum i fosfolipidamodeli og i

porskhakki (Verkpattur 3)
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Fosfolipidoa médelkerfi Ur porski (Gadus morhua) — braahvatar Ur blédi bleikju og

borsks

Markmio pessa verkpattar var ad rannsaka oxun i porskvOdva par sem notast var vid
fosfolipida-moddelkerfi Gr porski til ad dkvarda ahrif hvata ar blodi bleikju og porsks & oxun i
mogrum fiski. Porskvodva-modelid inniheldur pvegid hakk af porski, par sem buaid er ad
flarlegja allan brinan vodva af flakinu (Mynd 3). Petta modelkerfi gefur grunn sem
samanstendur af vodvaproteinum og himnum og inniheldur nattarulega himnubundna fitu ur
porskvodva. bad likist pvi raunverulegu astandi an pess ad hafa vatnsleysanlega patti eins og
praahindra/-hvata sem fyrirfinnast nattarulega i porski. Eftir pessa medferd ma baeta
praahvétum (bléorauda) Gt i modelid og fylgjast med pranun fosfolipidanna sem eftir verda i
frumuhimnum porsksmddelsins. Petta mddel @tti ad endurspegla per breytingar sem geta
ordid vegna oxunar vid geymslu porsks.
Bl60raudi ur tveimur islenskum eldisfisktegundum fra Holum; bleikju og porski var notadur
sem oxunarhvati, med pad ad markmidi ad rannsaka hvort bléoraudi ur pessum Oliku
fisktegundum framkalli mismunandi myndefni pranunar og/eda mismikla pranun.
bad er nynemi ad skoda ahrif blédrauda Gr pessum tegundum i modelkerfi og pattur i
uppbyggingu islenskra rannsokna 4 pessu svidi.

Hraefni 1 tilraunirnar var valid

m.t.t. arstima og astands fisksins

) | e (timi fra hrygningu, ata o.fl) pvi
pekkt er ad breytingar verda m.a. &

fituinnihaldi, o6bundnum amino-

Flak
l > Brunn vidvi syrum porsks og lodnu eftir
€& arstima. Astand porsks er best a
Hakk bvottavatn: . . )
) haustin og voru tilraunir meod
Vatn, saltvatn l ___, vatnsleysanleg efni g
eda bufferlausn sarcoplasmic protein,

T ensim, peptid fiskvodvamodel og hakk gerdar a

aminosyrur, amin,

Pvegid hakk nukleotio.....
Fosfélipid médel pveginn porskur FMbb

haustmanudoum.  Notadur  var
hakkadur magur fiskur (porskur)
sem hefur hatt hlutfall af
fjolomettudum fitusyrum i védva

Mynd 3. Undirbaningur fosfélipidamodels ur hvitum sem eru sérstaklega vidkvamar

bvegnum borskvodva gagnvart praunun. Med pvi ad

16



hakka fiskinn og utbtia pannig safnsyni, feest ekki einungis einsleitara syni heldur hvetur

hokkunin pranun og eykur likur 4 ad f4 melanlegar nidurstodur.

Nidurstédur: Blooraudi hafdi greinilega praahvatavirkni og reyndist blodraudi ar porski hafa
meiri virkni en ur bleikju. Porskmodelsynin einkenndust af satri, jardar-, agurku-, bloma- og
praalykt. Sterkasta lyktin var karamella og smjorlykt sem attu uppruna sinn i acetoin, 3-metyl
butanal og 2,3-pentandione, graslykt af hexanali, lykt af soonum kartoflum (eda fiskilykt) sem
er einkennandi fyrir cis-4-heptenal, sveppalykt fra 1-octen-3-ol, set, sitruslykt fra 2.,4-
heptadienali og agurkulykt sem liklegast var af voldum 2,6-nonadienal. Pessi prju sidustu
lyktarefni myndast vid oxun a fitu.

Nidurstodur pessarar rannsoknar voru birtar i Journal of Aquatic Food Product Technology og

a alpjodlegri radstefni TAFT 2006 i Quebec i Kanada (sja lista yfir utgefid efni i vidauka I).

Rosa Jonsdottir, Margrét Bragadottir, Gudran Olafsdottir. (2007). The role of volatile
compounds in odor development during hemoglobin-mediated oxidation of cod
muscle membrane lipids. Journal of Aquatic Food Product Technology, Vol. 16(4)
2007: 67-86.

Gudran Olafsdéttir, Rosa Jonsdottir, Margrét Bragadottir. (2006). The role of volatile
compounds in odor development during haemoglobin-mediated oxidation of cod
muscle membrane lipids. Erindi flutti 4 2nd Joint Trans-Atlantic Fisheries Technology
Conference. Oct. 29 - Nov. Ist. Quebec City, Kanada.
http://www.aftc.ca/TAFT2006/PPOINT_PRESENTATIONS/097.pdf .
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Anrif andoxunarefna ar vokvafasa lodnu i fosfolipida modelkerfi Gr porski

[ verkefninu var konnud andoxunarvirkni i ferskri lodnu, sem olikt flestum feitum
uppsjavarfiskum er pekkt fyrir stodugleika og langt geymslupol gagnvart pranun. Fyrri
rannsOknir 4 Rf hafa synt ad vatnsleysin efni ur lodnumjoli h6fou andoxunarvirkni i
linolsyrumédeli og nénari melingar & peim syndu ad pau reyndust innihalda virka
vatnsleysanlega praahindra af flokki fendla. Moguleg nyting lodnu i verdmaetar afurdir felst
m.a. 1 pessum ahugaverou andoxunareiginleikum vatnsleysanlegra patta i lodnu sem synt
hefur verid fram a ad eru til stadar 1 lodnum;jdli. Hugsanlega maetti einangra praahindra einnar
fisktegundar (lodnu) til ad auka stédugleika annarrar tegundar (porsks). Petta geeti studlad ad
préun nyrra praahindra ur fiskafurdum. Rannsdknarspurningin var si hvort ad haegt veri ad
nyta andoxunarvirkni ur vokvafasa ur lodnu til ad hindra oxun i porskvodva.

Hréaefni i tilraunir var fengid i 5. og 9. viku arsins. Astand lodnu er akjosanlegast i arsbyrjun,
en hér skiptir mali ad fituinnihald fellur mjog hratt 4 pessum tima og breytileiki er a
samsetningu lodnunnar vegna hrygningar. Adstedur vid veidar, vinnslu og medhdndlun eins
og keaeling hefur mikil ahrif & gaedi hraefnis. Uppruni hraefnis sem notad var i tilraunirnar og
medhondlun pess var pvi vel skilgreint og malingar gerdar 4 fitu, préteini, vatni, pH og

TVB-N.

Nidurstddur: Lodnusod og pressuvokvi Gr lodnu var skodad i fosfolipida modelkerfi ur
porski. Lodnusodid i 9. viku syndi andoxunarvirkni en pressuvokvinn praahvatavirkni midad
vi0 modelkerfi an vidbetts vokvafasa Gr lodnu. Lodnusodid innihélt haerra magn préteins en
hréar pressuvokvinn og CE nidurstédur bentu til pess ad lodnusodid innihéldi meira magn af
peptidum eins og anserine sem getur utskyrt andoxunarvirkni pess. Pressuvokvinn i 9.viku var
utbuinn ur heilli lodnu, med blédi og innyflum sem getur skyrt praahvatavirkni hans. Mest
einkennandi lyktarefni oxunar voru graslykt (hexanal), sveppalykt (1-octen-3-ol), praa-,
kartoflulykt (cis-4-heptenal og heptanal) og gurkulykt. Nidurstodur tilrauna fra 5. viku par
sem notud var hausskorin lodna an innyfla syndu ekki eins afgerandi ahrif sodvokva og hras
pressuvokva 1 foslipidamddeli og skyringuna ma hugsanlega rekja til mismunandi
medhondlunar og astands lodnuhraefnis (ferskara og fitumeira hraefni i 5. viku). Nu liggja

fyrir drog ad grein um pessa rannsokn sem aatlad er ad birta i ritryndu timariti.
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Rosa Jonsdottir, Margrét Bragadottir, Gudran Olafsdottir. (2007). Antioxidant effect of

aqueous phase of capelin (Mallotus villosus). 5th Euro Fed Lipid Congress and 24th

Nordic Lipid Symposium Oils, Fats and Lipids: From Science to Applications -

Innovations for a better World - 16-19 September 2007, Gothenburg, Sweden.

(Veggspjald, sja samantekt i vidauka I)

Gudrtin Olafsdéttir, Résa Jonsdottir, Margrét Bragadottir. (2008). The effect of aqueous

extracts from capelin (Mallotus villosus) on hemoglobin mediated oxidation of cod

muscle membrane lipids. In preparation.

Skilgreining a innihaldsefnum og andoxunarvirkni i vokvafasa lodnu og porsks

Markmid pessa verkpattar var ad skilgreina efnainnihald vokvafasa fisks til ad fa upplysingar

Flak (lodna eda porskur)

l > Brann vodvi
Hakk
Vodvi: byggingar
Skilvindun — > —_—> E_rétein og fosfolipia,
imnur

Vokvafasi med praahindravirkni
Dialysa, siun — > i

3 8 B

Vokvafasi med praahindravirkni

Préteinpaettir, ensim, peptid, ébundnar
amindsyrur,amin, nukleotid o.fl

Mynd 4. Undirbuningur vokvafasa Gr lodnu

(heil eda fl6k) og porskflokum

um hvada pettir bia yfir andoxunarvirkni.
Vokvafasinn inniheldur leysanleg protein
(sarcoplasmic proétein), ensim, polypeptio,
blodpeatti  Hb/Fe, amin
(TMAO og bidgenisk amin), ntkle6tio og

amindsyrur,

Olifren steinefni. Vokvafasi porsks og
lodnu var einangradur med skilvindu eftir
ad allur brani voédvinn hafdi  verid

fjarlegdur og melingar gerdar &
mismunandi pattum eftir moélpunga (sja
Mynd 4). Uppleyst efni i vokvafasa hafa

ahrif 4 bragd og lyktareiginleika fisks og

hugsanlega einnig praahindra- og/eda
praahvatavirkni.
Andoxunarvirkni  getur  t.d.  tengst

dipeptidum (carnosine og anserine) og

einnig er pekkt ad amindsyrur geti haft andoxunarvirkni. Auk pess eru adrir proteinpaettir sem

geta haft prahindravirkni. Melingar & pessum efnum i mismunandi pattum vokvafasans eftir

moélpunga med harpipu rafdrattarteekni (capillary electrophoresis, CE) var lidur i pvi ad

skilgreina betur i hverju praahindrunin er fo6lgin. Adferdin byggist 4 pvi ad syni, uppleyst i
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fosfatbuffer lausn vid mjog lagt pH, er latid ferdast eftir harpipusulu vid haa spennu.
Adskilnadur molikula byggist sidan & steerd peirra og hledslu. Amindsyrur og peptid geta haft
biturt bragd og neikved ahrif 4 afurdina, en einnig jadkveed ahrif eins og satt bragd og lifvirkni
t.d. andoxunarvirkni. Nynemid og jafnframt Ovissan i pessum verkpeaetti folst m.a. i
uppsetningu og adlogun adferda fyrir nyjan CE taekjabunad til ad greina pessa patti (sja
vidauka IV). Mikill ahugi er 4 heilsub@tandi ahrifum lifvirkra peptida og nytast pessar
adferdir pvi jafnframt vel 1 60rum verkefnum til ad skoda samsetningu peptida i fiski.

[ verkefninu voru settar upp adferdir og maeld andoxunarvirkni i badi ferskum og hitudum
vokvafasa ur lodnu og porski. Nokkrar adferdir voru notadar til ad skilgreina
andoxunareiginleika lodnu med pvi ad meta hatni til ad binda DPPH radikal,jarnbindigetu og
med surefnis-radikal gleypni (ORAC) (sja vidauka II). Pessar adferdir eru hver um sig
takmorkunum hadar til a0 mela heildar andoxunarvirkni i floknum kerfum eins og
matvaelum. Olikum adferdum ber oft ekki fyllilega saman, en med pvi ad nota samhlida
mismunandi adferdir sem byggjast 4 heefni til ad meta mismunandi eiginleika ma fa gagnlegar

upplysingar um andoxunarvirkni.

Nidurstédur: Hrasafi eda pressuvokvi (vatnsutdreettir ar hrau syni) unninn ar heilli lodnu,
svo og ur slegdri og hausadri lodnu, var borinn saman vid sod (vatnsutdreettir ur sodnu syni).
bessi prju prof & andoxunarvirkni DPPH radikal, jarnbindigeta og surefnis-radikal gleypni
(ORAC) gafu samberilegar nidurstodur. Meiri andoxunarvirkni meldist 1 slegori og hausadri
lodnu sem veidd var 1 5. viku arsins en 1 heilli lodnu sem veidd var 1 9. viku arsins. betta er
ekki 1 samraemi vid nidurstddur 1 fosfolipidamodelkerfinu og er i samraemi vid pad sem margir
hafa bent 4 ad andoxunarvirkni efna metid med einhlida profum gefur ekki endilega
upplysingar um hegdun peirra i floknari kerfum (Jacobsen o.fl., 2008). Frekari rannsoknir eru
fyrirhugadar 1 framhaldi af pessu par sem mismunandi molpattir verda skodadir betur.

Nidurstddur ur pessari rannsokn birtust i Rf skyrslu 37-06.

Margrét Bragadottir, Judith Reichert, Résa Jonsdéttir, Gudran Olafsdottir. (2006).
Characterisation and antioxidant properties of aqueous extracts from capelin (Mallotus
villosus). Rf skyrsla 37-06, 26 bls. ttp://www.matis.is/media/utgafa/matra/Skyrsla 37-
06.pdf
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Anrif sudu, upphitunar og vidbattra praahindra i porskhakki og porskvédvamodeli

Markmid pessa hluta verkefnisins var ad kanna ahrif ytri patta eins og sudu, upphitunar og
notkun vidbettra praavarnarefna 4 oxun og myndun upphitunarbragds (warmed over flavor
WOF) 1 sodnum porski, baedi i porskvodvamodeli og 1 fiskhakki. Markmidid var ad skoda
ahrif sudu 4 porskvodva-moddelid og bera saman vid stodugleika i 6sodnu modeli til ad
rannsaka ahrif sudu & myndefni prdnunar og hvarfgang. Liklegt er ad sudan hafi ahrif a
stodugleika hemoglobins og einnig rofna frumuhimnur pannig ad oxun etti ad hvatast vid

suduna.

Betri hugmynd faest um edli og virkni praahindra med pvi ad skoda ahrif sudu i fiskhakki par
sem eru til stadar allir praahvetjandi og praahindrandi pettir fiskvoova. Badi geeti sudan haft
ahrif 4 ad hembundid jarn verid virkari prahvati, en einnig gati sudan eydilagt virkni
praahindrandi patta. Rannsoknir 4 sodnu porskhakki mida ad pvi ad sannreyna nidurstodur
rannsokna a4 modelkerfi.

Takmarkadar rannsoknir hafa farid fram 4

: ahrifum sudu og upphitunar & myndun
Flak

¢ rokgjarnra nidurbrotsefna i fiski.
— Oxunarbreytingar sem eiga sér stad vid sudu,
Hakk kaeligeymslu og endurupphitun geta valdid
Hitun /gufusuda — svokolludu upphitunarbragdi 1 fiski. Tengsl
l milli skynmats og nidurstodur gasgreini
<> [ malinga 4 lyktarefnum gefa mikilvaegar
$00i0 hakk Soo upplysingar um hvada efni valda mestum
eelioeymsla »48 et bradgdllum og gefa einnig visbendingar um
oeemr mogulegan hvarfgang oxunar og hvada

&= % fitusyrur eru forverar lyktarinnar.
Upphitad hakk og oo Skodud voru ahrif ibettra praahindra af

Mynd 5. Undirbuningur syna til ad meta nattrulegum toga (ur poérungum, tokoferol og

ahrif sudu og upphitunar i porskhakki askorbati) 4 oxun.

Nidurstodur: Ahrif sudu a oxun i fosfolipida modelkerfi ar porski var skodad og var sudan
greinilega praahvetjandi (sja vidauka V). Nidurstoour um ahrif sudu 4 oxun verda birtar i

bokarkafla um Volatile Aroma Compounds i Handbook of Seafood Products. CRC Press -
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Taylor and Francis Group, LLC. Ad lokum var oxun i sodnu porskhakki, med viobattum
andoxunarefnum, skodad. Andoxunarefnin voru askorbinsyra, tokoferdl og frostpurrkadur
vatnsutdrattur Ur bélupangi og ur sdlvum. Askorbinsyra virtist prdahvetjandi i pessu magni
(200 ppm) en hin efnin, p.4.m. pérungautdrettirnir, syndu andoxunarvirkni i sodnu hakki
(Vidauki V). Porungar voru valdir at frd nidurstodum & andoxunarvirkni islenskra pérunga
(Wang et al. 2007) par sem i 1jos kom ad sérstaklega bolupang og s6l syndu dhugaverda
andoxunareiginleika Boélupang reyndist hafa mjog hatt innihald af fjolfenolum og mikla
andoxunarvirkni skv. ORAC og DPPH préfum, en sol eru dhugaverd par sem pau syndu
mesta haefni til ad binda malmjonir. Aframhaldandi rannsoknir 4 pérungum og eiginleikum
phlorotannina (fjélfendla) er hluti af doktorsverkefni Wang Tao vid Matvela og

naringarfraedi, Hi.

Tao Wang, Rosa Jonsdottir, Gudran Olafsdottir. (2007). Screening of antioxidant activity in
Icelandic seaweed. S5th Euro Fed Lipid Congress and 24th Nordic Lipid Symposium
Oils, Fats and Lipids: From Science to Applications - Innovations for a better World -
16-19 September 2007, Gothenburg, Sweden. (Veggspjald)

Rosa Jonsdottir, Gudran Olafsdottir, Margrét Bragadéttir. (2007). The effect of thermal
treatment on oxidation in cod model system. Maria Gudjonsdottir kynnti nidurstéour
fyrir hond verkefnahopsins & fundi Lipidtext verkefnisins innan SEAFOODplus i
Lissabon, Porttigal 23. oktdber 2007.

Gudran Olafsdéttir, Rosa Jonsdottir. (2008). Volatile Aroma Compounds i Handbook of
Seafood Products. Fidel Toldra , Leo Nollet (Eds) CRC Press - Taylor and Francis
Group, LLC (1 birtingarferli)

ALYKTANIR OG UMRZEDPUR - AVINNINGUR

Rannsoknir &4 oxun fosfolipida i modelkerfi leiddu i 1j6s ad akvedin lyktarefni eru einkennandi
fyrir oxun i mogrum fiski. Petta eru efni likt og cis-4-heptenal og heptanal sem myndast
vegna nidurbrots fjolomettadra fitusyra i frumuhimnu fiskvodva. Oxunarhvatar likt og
blédraudi og hitamedferd leiddu til aukinnar oxunar i moddelkerfunum. Melingar a
andoxunareiginleikum lodnu syndu ad breytilegir ytri pettir eins og Aarstidasveiflur,
medhondlun og astand hraefnis hofou ahrif & andoxunarvirkni sem parf ad hafa 1 huga ef nyta

4 slikt hraefni til vinnslu 4 verdmatum andoxunarefnum. [ framhaldinu hefur verid unnid ad
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frekari rannsoknum 4 mismunandi molpattum til ad skilgreina betur hugsanlega
andoxunareiginleika mismunandi peptida, amindsyra eda annarra vatnsleysanlegra patta i
lodnu med mogulega nytingu afurda i huga.

ber rannsoknir sem gerdar hafa verid i verkefninu hafa aukio skilning okkar & efnahvorfum
og breytingum sem verda vegna oxunar og ahrif mismunandi andoxunarefna i porskvodva.
Nidurstodurnar hafa gefid mjog jadkvadar visbendingar um andoxunarvirkni i vokvafasa lodnu
og 1 utdrattum ur pérungum og hafa lagt grunn ad frekar rannséknum sem eru naudsynlegar
adur en hagt er ad hagnyta nidurstodur verkefnisins p.e. nota andoxunarefni ur lodnuhraetni
og porungum i afurdir.

Rannsoknir verkefnisins hafa styrkt uppbyggingu okkar a svidi lipidoxunar i
fiskvodvmadelkerfi, adferoum til ad meta andoxunarvirkni og vinnslu 4 andoxunarefnum ur
mismunandi hrdefnum. Pessi rannsoknarsérhafing hefur gert okkur kleift ad vinna i ndnum
samskiptum vi0 adra visindamenn 4 pessu svidi med adild okkar ad LIPIDTEXT verkefninu i
Seafood plus 6.RA ESB. bear 16gdu einnig grunn ad frekari rannsoknum 4 andoxunarvirkni
porunga sem er hluti af doktorsnami Wang Tao vid Matvaela og naringarfraedi Hf med styrk

fra Sjavaratvegsskola Sameinudu pjodanna.

Avinningur felst fyrst og fremst i uppbyggingu pekkingar og grunnrannsékna 4 oxun i fiski

sem er grundvollur fyrir frekari rannsoknir & pessu svidi.
e aukin pekking & oxun og nidurbrotsefnum sem myndast i fiskvodva vegna breytinga a
himnubundnum fosf6lipidum og préteinum
e aukinn skilningur & virkni praahindra og -hvata i vokvafasa 1 fiski
e nidurstodur um ahrif sudu 4 bragdgaedi og naeringargildi fisks og virkni vidbattra

praahindra

Aukinn skilningur & oxunarbreytingum i fiskvoova getur audveldad val 4 andoxunarefnum og
adferoum til a0 draga ur eda koma i veg fyrir oxun og studlar ad pvi ad tryggja bragdgaedi og
naeringargildi fiskafurda til ad uppfylla parfir neytenda um hollan og bragdgoédan mat. Faar
heimildir eru til um pau dhrif sem suda og upphitun hefur & gadi fisks, en med pvi ad afla
pekkingar um ahrif pess 4 afurdir verour audveldara fyrir islenska framleidendur ad sinna
krofum markadarins um ad vinna afurdir sem eru tilbunar til neyslu. bekking a &hrifum
andoxunarefna 1 fiskvoovamodeli @tti ad nytast matvaelaframleidendum vid préun tilbuinna

fiskrétta.

23



Tilbunir réttir — neytendur og fiskneysla: Hagraenn avinningur verkefnisins felst i pvi ad auka
verdmati sjavarafurda. Neysla a tilbunum matvelum hefur aukist mjog i Evropu &
undanfornum arum. Til pess ad matvelafyrirteki eigi audveldara med ad sinna kréfum
markadarins er 1jost ad afla parf meiri pekkingar & stodugleika tilbuinna fiskrétta og ahrif sudu
a geedi afurda. Neytendur gera siauknar kréfur um frambod a tilbunum matvelum an pess po
ad varan glati mikilvegum eiginleikum, s.s. n@ringarinnihaldi og bragdgaedum. Jafnframt pvi
eru auknar krofur gerdar um ferskleika og aukid geymslupol. Pad sem einkum er takmarkandi
vid notkun & fiski i tilbtina rétti er ad fiskur er mjog vidkvem vara vegna has hlutfalls af

fjlomettudum fitusyrum (FOFS) sem geta oxast og valda bragdi.

Nidurstodur verkefnisins hafa synt fram 4 hvatada oxun i fiskhakki vid sudu og
aukid skilning 4 hvada rokgjornu nidurbrotsefni fjolomettadra fitusyra valda
bragdgdllum. Einnig liggja fyrir nidurstoour um ad mogulegt sé¢ ad nyta
andoxunarvirkni afurda ur lodnu og pérungum til ad koma i veg fyrir myndun

pessara bragdgalla i fiskafurdum.

Rannsokn & naringarinnihaldi mismunandi skyndibita & markadi i Japan syndi fram & ad
skyndibitafeedi sem byggt er a4 fiski og hefobundnum japonskum réttum hafdi mun meiri
heilsubatandi ahrif heldur en skyndibitafedi ad vestraenni fyrirmynd sem var byggt 4 pasta,
hamborgurum og pizzu. Par sem neytandinn hefur almennt tra & heilsubetandi ahrifum fisks
er liklegt ad tilbunir réttir med fiski eigi goda markadsmoguleika. Pad er pvi mikilvaegt fyrir
fiskframleidendur ad hafa stadgodar upplysingar um ahrif medhondlunar & hraetnio til ad geta
komid i veg fyrir myndun 4 6e@skilegu bragdi. Naeringargildi fisks hefur 16ngum verid tengt
vid heilsubatandi ahrif n-3 fitusyra i sjavarfangi og margar rannsoknir hafa synt fram a
jékveed ahrif lysisneyslu 4 hjarta- og @&0dasjuikdoma. Hins vegar hefur minna verid rannsakad
hvort fiskneysla og par med pattir eins og protein med lifsnaudsynlegum amindsyrum og
lifvirkum peptidum eigi storan patt i heilsubatandi ahrifum fisks. Rannsoknir 4 tilvist og
magn peptida i islenskum fisktegundum i verkefninu er lidur i uppbyggingu rannsékna sem

tengjast lifvirkni og hlutverki pessara patta i heilsubatandi ahrifum fisks.
e Uppsetning adferda til ad greina lifvirk peptid med CE tekni og mat peim adferdum er

grunnur fyrir aframhaldandi rannsoknir, sérstaklega greining & lifvirkum pattum

(aminosyrur og peptid) badi i hvitum fiski (porski) og i lodnu
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e Upplysingar um samsetningu efna i vokvafasa getur nyst vid proun & fiskbragdi
extrakts Gr vokvafasa fisks, sem er uppsprettan af badi rokgjornum lyktarefnum og
bragdefnum. Visbendingar voru um ad jakvadir bragdeiginleikar i vokvafasa lodnu
tengdust pattum minni en 1KDa

e Dbekking 4 nidurbrotsefnum i vokvafasa og tengsl peirra vid bragd og lyktareinkenni
geti nyst vid proun fljotvirkra adferda til ad meta gaedi fisks. Ahugavert vari ad fylgja
pessu eftir i sambandi vid proun & “smart sensor” teekni fyrir neytendur.

e Nidurstoour syndu ad magn hexanals (~800 ng/g) var um tifalt haerra en annarra
omettadra aldehyoda (~20-80 ng/g) sem myndast vid oxun og audvelt reyndist ad meela
hexanal med SPME. Ha fylgni (r* = 0.9) var 4 milli hexanals og cis-4-heptenals og er
pvi raunhaeft ad nota hexanal sem gadavisi i mogrum fiski.

e [ verkefninu voru gerdar malingar 8 TMAO/TMA/DMA og NH3 med CE txkni par
sem sett var upp meliadferd og hun adlogud. Nidurstodur benda til ad slik adferd geti
verid gagnleg sem fljotvirk maling & rannsoknarstofu en ytri pattir eins og salt truflar

slikar maelingar.

Neestu skref i rannsoknum

Rannsoknir 4 nattirulegum andoxunarefnum ur porungum verda eitt af meginverkefnum
nastu ara og tengjast medal annars doktorsverkefni Wang Tao. Sérstok molikulbygging
phlorotannina ur pérungum er frabrugdin fjolfendlum i plontum og talid er ad pad geti ttskyrt
mikla andoxunarvirkni brinpdrunga, sem dhugavert er ad skoda nénar.

béttun 4 lodnusodi i minna en 3 KDa, minna en 1 KDa og milli 1 og 3 KDa gafu til kynna ad
um svipada peptid samsetningu vari ad reda og svipud blodprystingslaekkandi ahrif pattanna
malt med ACE hindra virkni. Til ad einangra betur pau efni sem hugsanlega hafa
andoxunarvikni eru nastu skref ad ensim-hydrolysera lodnusod og patta med ultra og nano
filtrun til ad skima betur fyrir andoxunarvirkni lodnufasans. Meta parf andoxunarvirknina
med andoxunarprofum og med pvi ad beeta i mismunandi médelkerfi.

Ljost er ad andoxunarefni virka mismunandi i mismunandi fadutegundum, t.d. hvort pau eiga
a0 vera i fitufasa, vatnsfasa eda yrulausnum. Pvi er naudsynlegt ad skoda betur nattiruleg

andoxunarefni i mismunandi moédelkerfum til ad meta virkni peirra vid mismunandi adstaedur.
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The Role of Volatile Compounds
in Odor Development
During Hemoglobin-Mediated Oxidation
of Cod Muscle Membrane Lipids

Rasa Jonsdottir
Margrét Bragaddutir
Gudrun Olafsdottr

ABSTRACT. The effect of hemoglobin from Atlantic cod (Gadus
morhua) and Arctic char (Salvelinus alpinus) on formation of volatile
compounds in washed cod model system was studied by GC anal ysis
during chilled storage. Pro-oxidative effect of cod hemoglobin com-
pared te char hemoglobin was observed as higher initial levels of
hexanal, cis-4-heptenal and 2 4-hepradienal contributing 1o higher ran-
cid odor sensory scores. This was in agreement with TBARS and
changes in color indicating faster initial oxidation catalyzed by cod
hemoglobin, The aldehydes appeared to decline towards the end of the
storage time in agreement with TBARS; however, levels of 2.4-hepta-
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The effect of aqueous extracts from capelin (Mallotus villosus) on hemoglobin mediated

oxidation of cod muscle membrane lipids

Abstract: Aqueous extracts from minced raw and cooked whole capelin (Mallotus villosus)
was explored for a possible application as natural antioxidants using three tests for antioxidant
activities. Fat, protein, water content and TVB-N value of capelin was determined by
traditional methods and capillary electrophoresis (CE) was used to study peptides. Results
from the three tests for antioxidant activity agreed quite well. Higher antioxidant activities
were observed in samples from gutted capelin harvested in week 5 compared to whole capelin
from week 9. Variation in protein content and amino acid/peptide profiles obtained by
capillary electrophoresis did not appear to affect the antioxidant activities of the samples as
measured by these three tests. More prooxidant activity due to higher hemoglobin content in
whole capelin (week 9) could most likely counteract the antioxidant activity of all aqueous
samples derived from this sample. The results indicate that extrinsic factors like seasonal
changes and handling influence the antioxidative properties. Antioxidant activity of the
capelin broth in the cod model system was confirmed by all methods tested. The broth
contained higher protein content than the raw juice (96.2 mg/ml and 51.1 mg/ml, respectively)
and CE results suggested that the broth contained higher levels of peptides like anserine
which may explain higher antioxidant activity of the broth. The raw aqueous phase was found
to have a pro-oxidant trend possibly related to the use of whole capelin including blood and

viscera.

Manuscript in preparation:
Gudran Olafsdéttir, Rosa Jonsdottir, Margrét Bragadottir. (2008). The effect of aqueous
extracts from capelin (Mallotus villosus) on hemoglobin mediated oxidation of cod muscle

membrane lipids. In preparation.
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Characterisation and antioxidant properties of aqueous extracts from capelin (Mallotus

villosus)

Abstract: Moguleg nyting lodnu i verOmetar afurdir felst m.a. i ahugaverdum
andoxunareiginleikum vatnsleysanlegra patta i lodnu, sem synt hefur verid fram 4 ad eru til
stadar i loonumjoli. Nokkrar adferdir voru notadar til ad skilgreina andoxunareiginleika lodnu
med pvi ad meta hafni til ad binda DPPH radikal, jarnbindigetu og med surefnis-radikal
gleypni (ORAC). Hrésafi eda pressuvokvi (vatnsutdraettir ur hrdu syni) sem unninn var ur
heilli lodnu, svo og ur slegdri og hausadri lodnu, var borinn saman vid sod (vatnsutdreettir Gr
sodnu syni), sem einnig var greint i patti samkvaemt molpunga. Pessi prju prof a
andoxunarvirkni gafu sambarilegar nidurstodur.

Meiri andoxunarvirkni meeldist 1 slegdri og hausadri lodnu sem veidd var i 5. viku arsins en i
heilli lodnu sem veidd var i 9.viku érsins. Breytileiki i proteininnihaldi og amindsyru/peptid
samsetningu synanna melt med harpipurafdraetti virtist ekki hafa dhrif & andoxunarvirkni eins
og hun var meld med pessum premur profum. Meiri praahvatavirkni vegna heaerra hemoglobin
innihalds 1 heilu lodnunni (fra 9. viku) geati hafa dregid ur andoxunarvirkni allra vokvasyna
sem unnin voru Ur pessu syni. NidurstdOurnar syna ad breytilegir ytri pettir eins og
arstidasveiflur og medhondlun geta haft ahrif & andoxunarvirkni. Auk pess er ahugavert ad
skoda nanar mismunandi molpetti til ad skilgreina betur hugsanlega andoxunareiginleika
mismunandi peptida, amindsyra eda annarra vatnsleysanlegra patta i lodnu med mdogulega

nytingu afurda i huga.
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THE ROLE OF VOLATILE COMPOUNDS IN ODOR DEVELOPMENT DURING

HAEMOGLOBIN-MEDIATED OXIDATION OF COD MUSCLE MEMBRANE LIPIDS

Gudrun Olafsdottir*, Résa Jonsdaéttir, Margrét Bragadottir
Icelandic Fisheries Laboratories, Skulagata 4, 101 Reykjavik, Iceland
Fax: +354 530 8601, Phone: +354 530 8600

Keywords: Volatile compounds, odor, fish muscle, SPME, gas chromatography, sensory analysis,
TBARS.
*Contact: Dr Gudrun Olafsdottir, e-mail: gudrun@rf.is

Abstract

The aim of the project OXIFISH is to study the effect of heating and oxidation on phospholipids,
proteins and antioxidants in fish muscle, influencing sensory quality. A phospholipid model systems
from cod has been used to study the effect of pro-oxidants (hemoglobin from cod and trout) and
antioxidants in aqueous fraction of fish muscle (cod and capelin).

The development of volatile degradation compounds in the model system during chilled storage in ice
were studied by sensory analysis, traditional lipid oxidation analysis (TBARS) and extraction of
volatiles by solid phase microextraction (SPME) followed by gas chromatography analysis (GC-O, GC-
FID, GC-MS) to identify volatile compounds.

The most potent odors detected in the model system were malty, sweet and caramel like odors
contributed by 3-methylbutanal, 2,3-pentandione and 1-penten 3-ol, grass odor contributed by
hexanal, rancid, potato like odor by cis-4-heptenal and heptanal, mushroom odor caused by 1-octen-
3-ol. Furthermore, rancid, fatty, soapy and lemon like odors indicated the presence of well known
oxidation products like 2,4-heptadienal. Cucumber like, sweet, floral and rancid odors were dominating
the aroma profile of the cod muscle system but the identity of all the compounds has not yet been
established. The correlation between these analysis will be studied to better understand the kinetics of
oxidation processes leading to rancidity in fish muscle and to explain factors reducing the shelf life of
chilled fish products.

The outcome of the project is increased knowledge on oxidation in fish muscle to underpin the
development of healthy and tasty fish products of high sensory quality and nutritional value to fulfill the
needs of consumers.
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Screening of antioxidant activity in Icelandic seaweed
Tao Wangl’z, Rosa Jonsdottir', Gudran Olafsdottir®
'Matis, Food Research, Innovation and Safety, Reykjavik, Iceland
University of Iceland, Reykjavik, Iceland

5th Euro Fed Lipid Congress and 24th Nordic Lipid Symposium Oils, Fats and Lipids: From
Science to Applications - Innovations for a better World - 16-19 September 2007,
Gothenburg, Sweden.

The objective was to screen for antioxidant activity in various types of edible Icelandic
seaweed and evaluate the efficiency of different solvents to extract antioxidants.

Materials and Methods: Water and 70% acetone extracts were prepared from brown algae
(Fucus vesiculosus, F. serratus, Ascophyllum nodosum, Laminaria hyperborea, L.
saccharina, L. digitata, Alaria esculenta), red algae (Palmaria palmata, Chondrus crispus)
and green algae (Ulva lactuca) and total amount of polyphenols was evaluated. Antioxidant
activity was screened by 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging capacity,
Oxygen Radical Absorbance Capacity (ORAC) and ferrous ion chelating capacity.

Results: 70% aqueous acetone was more effective to extract the antioxidants from the
seaweed compared to water extraction. Significant difference was found both in polyphenols
(phlorotannins) contents and antioxidant activities among different species (p<0.05). The
highest polyphenol content was found in Fucaceae which consequently exhibited the highest
antioxidant activities among the tested seaweeds. High correlation (R*>0.98) was found
between the total polyphenolic contents of the seaweed extracts and their antioxidant
activities evaluated as DPPH-scavenging capacity and ORAC value. The water extracts had
higher ferrous ion chelating activity but no correlation was found with total polyphenolic
content, indicating that other components such as low molecular weight polysaccharides,
pigments, proteins or peptides may also contribute to the observed antioxidant activity of the
extracts. Research is progressing to characterize the antioxidant compounds in the seaweed
extracts and their antioxidant activity in food model systems.
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Antioxidant effect of aqueous phase of capelin (Mallotus villosus)

Roésa Jonsdottir, Margrét Bragadottir, Gudrin Olafsdottir.

5th Euro Fed Lipid Congress and 24th Nordic Lipid Symposium Oils, Fats and Lipids: From
Science to Applications - Innovations for a better World - 16-19 September 2007,
Gothenburg, Sweden.

The objective was to explore the possible application of aqueous extracts from minced raw
and cooked whole capelin (Mallotus villosus) as natural antioxidants.

Methods: Fat, protein, water content and TVB-N value of capelin was determined by
traditional methods and capillary electrophoresis (CE) was used to study peptides.
Hemoglobin mediated oxidation in washed cod model system with added aqueous fractions of
raw and cooked capelin was monitored during storage on ice by measuring color changes
(Minolta Chromameter), sensory analysis, TBARS, and analysis of volatile compounds by gas
chromatography (SPME-HS-GC/O and HS-GC/MS) during chilled storage on ice.

Results: Antioxidant activity of the capelin broth in the cod model system was confirmed by
all methods tested. The broth contained higher protein content than the raw juice (96.2 mg/ml
and 51.1 mg/ml, respectively) and CE results suggested that the broth contained higher levels
of peptides like anserine which may explain higher antioxidant activity of the broth. The raw
aqueous phase was found to have a pro-oxidant trend possibly related to the use of whole
capelin including blood and viscera. The most intense oxidized odors were grass like odor
(hexanal), mushroom odor (1-octen-3-ol), rancid, potato odor (cis-4-heptenal and heptanal)
and cucumber like odor.
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Research methods and materials

Methods for preparation of washed cod muscle and phospholipids model system
Bleeding of fish

Farmed Arctic char (Salvelinus alpinus) and cod (Gadus morhua) obtained from the
Department of Aquaculture (Holar Agricultural College, Iceland) were anesthetized in
phenoxy ethanol (0.5 g//L) for 3 minutes. The fish was held with belly up and 1 mL of
blood drawn from the caudal vein with disposable syringe, preloaded with 1 mL of 150

mM NaCl and sodium heparin (30 units/mL).

Preparation of hemolysate

Hemolysate was prepared within 24 h of blood collection according to the method of
Richards and Hultin (2000). The heparinized blood was washed with four volumes of
1.7% NaCl in 1 mM Tris, pH 8.0. The plasma was removed by centrifugation at 700g for
10 min at 4 °C. The red cells were then washed three times with ten volumes of the same
buffer and centrifuged between washes as before. The cells were lysed in three volumes
of 1 mM Tris, pH 8.0, for 1 h. The stroma was removed by adding 1/10 volume of 1 M
NaCl before final centrifugation at 28000g for 15 min at 4 °C. All materials and samples
were kept on ice during preparation. The washed hemoglobin was stored at -80 °C until

used as catalyst for oxidation of cod muscle phospholipids.

Quantifying hemoglobin levels in hemolysate

The concentration of hemoglobin was determined by the HemoCue system of plasma/low
Hb microcuvettes and photometer (Hemocue, Angelholm, Sweden), using a method based
on Vanzetti’s reagents and spectrophotometric determination of azide-methemoglobin at
570 nm. Samples were measured against a standard curve of bovine hemoglobin (Sigma).

Samples and standards (0 - 30 pmol/L) were diluted with 50mM tris buffer, pH 8.6.

Washed cod muscle and phospholipids model system

Fillets from cod (Gadus morhua) obtained from a local supplier were skinned and all dark
muscle was removed. The rest of the fillets were minced in mincer (diameter 4.5 mm).
The mince was washed based on the method of Richards and Hultin (2001). All materials

and samples were kept ice during preparation. The mince (600 g) was washed with Milli-
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Q water (1:3, w/w) by stirring with a plastic paddle for 2 min, then it was allowed to stand
for 15 min before dewatering on a plastic sieve. Low temperature of the sample was
ensured by placing a glass bowl with ice on top. Next wash was in 50 mM sodium
phosphate buffer (pH 6.3), using same proportions, stirring and sieving as before. The
final wash was done in centrifuge containers with 50 mM sodium phosphate buffer (pH
6.3) at the same 1:3 (w/w) ratio and homogenized using a Ultra-Turrax homogenizer (type
T25, IKA Werke, Staufen, Germany), at medium speed for 1 min. Then it was allowed to
stand for 15 min prior to centrifugation 15000g for 20 min at 4 °C. The washed fish
muscle system was divided into small plastic bags and frozen in thin packages at -80 °C

until used.

Preparation of oxidation system

The oxidation system was based on Richards and Hultin (2001). The model was thawed
under running tab water and adjusted to pH 6.5 with 1 M HCI and/or 1 M NaOH.
Streptomycin sulfate (200 mg/kg) was added to the model to prevent microbial growth
and 20 pmol/kg hemoglobin to induce oxidation, besides a blank sample without
hemoglobin. Hemoglobin from Arctic char was used in the first experiment and in the
second experiment hemoglobin from both Arctic char and Atlantic cod was used in the
washed cod muscle model. The moisture content of the samples was standardized to 89%
with Milli-Q water. Samples were prepared by weighing 20 g of the model and spreading
it evenly on the bottom of 250 mL Erlenmeyer flasks (bottom diameter 80 mm) with a
screw cap. Each sample and blank was prepared in duplicate. The capped samples were

stored on ice inside a refrigerator (1-3 °C).

Heating of oxidation system
The oxidation system was steam cooked (90-100°C) for 2 minutes, cooled and kept on ice
during the storage experiment. In comparison a raw oxidation model system was prepared

and Hb-blank (without hemoglobin).

Chemical analysis

Proximate analyses

Water content was determined by drying in an oven at 102 to 104 °C for 4 h by ISO

method 6496 (ISO, 1999). Fat content was determined by the Soxhlet method Ba 3-38
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(AOCS, 1997) using petroleum ether (Bp. 30-40 °C) for extraction. Crude protein content
was determined with the Kjeldahl method (E) 5983-2 (ISO, 2005) and by multiplying the
nitrogen content by 6.25. Salt was determined by the method of Volhard (AOAC, 1990)
Ash content was determined by carbonization of the sample prior to heating at 550 °C for

3 h (IS0, 2002).

pH
The pH was measured with an Ag/AgCl combination electrode connected to a pH meter,
model PHM80 (Radiometer, Copenhagen). The pH of samples was determined after

mixing 1 part of mince with 9 parts of Milli-Q water on a magnetic stirrer.

TVC

Total viable microbial counts were obtained using Plate Count Agar (PCA-Difco) with
0.5% NaCl added. Pour-plate method was used and plates incubated at 22°C for 3 days.
Butterfield s buffer was used for all dilutions (APHA, 1992).

TVB-N
Total volatile basic nitrogen was determined on steam distillate of washed cod model (10
g) according to the official magnesium oxide method 920.03 (AOAC, 2000) for samples

at the end of the storage time.

Methods to monitor lipid oxidation

Peroxide value

Peroxide value of oils used as reference samples for rancid odor in sensory analysis was
measured by iodometric titration according to AOAC official method 965.33 (AOAC,
1990).

Measurement of red color (a*)

Changes in red color (a*) of samples and blank were monitored during ice storage. The
color was measured by a Minolta CR-300 Chroma meter (Minolta Camera Co., Ltd.,
Osaka, Japan) in the Lab* measuring mode (CIE 1976) with CIE Illuminant C.

Measurements were done by placing the Erlenmeyer flask on top of the free standing
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measuring probe. Each sample was measured 9 times while turning the Erlenmeyer flask

approximately 36° between measurements.

Thiobarbituric Reactive Substances (TBARS)

Sampling was done according to Undeland, Kristinsson and Hultin (2002). Sample plugs
(~1 g) of the model were taken from the Erlenmeyer flasks with the aid of a plastic
cylinder (diameter = 10 mm). The sample-plugs were wrapped in aluminum foils and
stored at -80 °C until measured. TBARS were determined according to direct extraction
method (Serensen and Jorgensen, 1996) with few modifications. The sample size was
reduced to 1 g and homogenized with 6 mL of 7.5% trichloroacetic acid solution
containing 0.1% and propyl gallate and 1% EDTA. The absorbance of samples and
standards were measured at 530 nm. TBARS, expressed as pmol malondialdehyde per
kilogram of sample (umol MDA/kg), was calculated using malondialdehyd-bis-(diethyl

acetate) as standard.

Sensory analysis

Four trained panelists evaluated the odor of the washed cod model system samples by
sniffing samples in the Erlenmeyer flasks. The panelists had several years of experience in
evaluating rancidity of fish and fish oils, and had been trained according to international
standards (ISO 1993). The panelists were also given two reference samples with different
degree of rancidity. The reference samples were prepared from almost odorless soybean
oil (peroxide value (PV): 1 meq/kg) containing 2.5% and 10% oxidized cod liver oil,
resulting in a PV of 3.0 and 5.8 meq/kg, respectively, perceived as borderline and
considerable rancidity. The reference samples were stored at -80 °C. Fresh reference
samples (0.5 mL) were taken from the freezer each day of sampling and served in 25 mL
disposable plastic beakers. Evaluation of model samples and reference samples were
conducted under standardized conditions, with as little interruption as possible and with
samples partially submerged in ice. Capped samples were allowed to rest for 45 min on
the ice between panelists sniffing, in order to recover equilibrium in the headspace of the
samples. Up to 8 samples were assessed each time. The panelists judged the samples
according to intensity of rancid odor on an unscaled line (100 mm long) ranging from not

present to strong.
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Gas Chromtography analysis

Headspace Solid Phase Microextraction (HS-SPME) / Gas Chromtography analysis
(GC-O and GC-FID)

The SPME device and fiber (polydimethylsiloxane / divinylbenzene PDMS/DVB) were
purchased from Supelco (Bellefonte, Pa., USA). Semi-polar (65um) fiber was conditioned
prior to use in the GC injection port as recommended by the manufacturer. A blank
analysis was performed to verify that no extraneous compounds were desorbed from the
fiber.

Washed cod mince sample was weighed (5 g) into a 100 mL Erlenmeyer flask. Duplicate
analyses of each sample were done. Heptanoic acid ethyl ester was added as an internal
standard to all samples by adding 0.5 mL of 10 uL/L aqueous solution of the standard.
The standard was prepared by dissolving heptanoic acid ethyl ester in water. Samples
were kept at 25 °C for about 15 min before sample collection. SPME fiber was inserted
through a septum placed on the cap of the Erlenmeyer flask and headspace volatiles
collected for 40 min. The fiber was then retracted into the barrel of the syringe and
immediately inserted into the injector of the gas chromatograph. Separation and
identification of volatile compounds collected by the SPME technique was done by
combined GC-O and GC-FID analysis as described earlier (Jonsdottir, Bragadottir,
Arnarson, 2005).

TENAX pre-concentration and Gas Chromatography-Mass Spectrometry

The washed cod mince sample was prepared in the same way as for the GC-O
measurements except that the volatile compounds were collected for 40 min at 100
mL/min using Gilian LFS-113D Air sampler on 250 mg Tenax 60/80 (Alltech, 11, USA)
in stainless steel tubes (Perkin-Elmer, Buchinghamshire, UK) for the combined ATD 400
and GC-MS measurements. Volatile compounds were thermally desorbed (ATD 400,
Perkin-Elmer, Buchinghamshire, UK) from the Tenax tubes and separated with the same
type of column and the same conditions as for the GC O measurements. The mass
detector ion range was 35-300 m/z. The identification and quantification of the volatile

compounds was done as described earlier (Jonsdottir, Bragadottir, Arnarson, 2005).
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Gas Chromatography-Olfactometry

Volatile compounds entrapped on the SPME fibers were thermally desorbed for 2 min in
the GC using splitless mode, with helium as the carrier gas at linear velocity of 22.9 cm/s.
Volatiles were separated on a DB 5ms column (30 m x 0.25 mm i.d. x 0.25 pm, J&W
Scientific, Folsom, Ca, USA). Measurements were performed on a GC (HP 5890,
Hewlett-Packard, Palo Alto, CA). Helium was used as a carrier gas and the following
temperature program was used: 50°C for 7 min, 50 °C to 120 °C at 5 °C/min and from
120 °C to 220 °C at 10 °C/min. Injector temperature was 250 °C and the detector
temperature was 280 °C. The end of the column was split 1:1 between flame ionization
detector (FID) and an ODO-1 olfactory detector outlet (SGE International Pty. Ltd,
Australia). Nitrogen, bubbled through water to add moisture, was used to drive the sample
up to the sniffer. Two persons describing the odor sniffed the effluent. Intensity (quality
and duration/retention times) of each odor was determined using an intensity from O - 5,
0: not present; 5: very strong. The assessors were trained in recognizing characteristic
oxidatively derived odors by injecting into the GC-O, mixtures of standard compounds

dissolved in ether and sniffing the effluent.

Gas Chromatography-Mass Spectrometry

The washed cod mince sample was prepared in the same way as for the GC-O
measurements except that the volatile compounds were collected for 40 min at 100 ml/mL
using Gilian LFS-113D Air sampler on 250 mg Tenax 60/80 (Alltech, Il, USA) in
stainless steel tubes (Perkin-Elmer, Buchinghamshire, UK) for the combined ATD 400
and GC-MS measurements. Volatile compounds were thermally desorbed (ATD 400,
Perkin-Elmer, Buchinghamshire, UK) from the Tenax tubes and separated with the same
type of column and the same conditions as for the GC O measurements. The mass
detector ion range was 35-300 m/z. These measurements were done for identification of

the volatiles.

Optimization and validation of the SPME method

Following standard compounds were used for optimization of the SPME sampling
method: hexanal (Sigma), 4-heptenal and 2,4-heptadienal (ACROS Organics), 1-octen-3-
ol and 2-nonenal or 2,6-nonadienal (Aldrich). Sample amount, sampling time and
temperature were optimized using 2° fractional factorial design with 2 replicates. The

sample used for optimization was an aqueous isolate from cod, boiled in microwave oven
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in a glass jar. A boiled cod sample was used to ensure existence of oxidatively derived
volatile compounds which are otherwise in low concentration in fresh cod. Precision of
the method expressed as relative standard deviation (RSD) was determined by carrying
out six analyses over a period of three weeks. The linearity of the response was
investigated using 5 sets of dilutions of a stock solution to cover the range of
concentrations from 500 to 8000 ng/mL for hexanal, 4-cis-heptenal, 1-octen-3-ol, 2.4-
heptadienal, 2-nonenal, and 2,6-nonadienal. The stock solution was prepared by adding 1
uL of each compound into 50 mL aqueous fish extract. Results from the collections of
standards were used to prepare a calibration curve for each standard compound. All
collections were made in triplicate. Detection limits were determined as 3x noise where
the noise was determined from six blank GC-FID analyses and the magnitude of baseline
fluctuation determined over a period of 1 min. The distance between minimum and
maximum in this period was defined as baseline noise. The response calculated as 3x
noise was converted to concentration by use of the calibration curve prepared as described
before.

From the results of optimization, the sample amount of 5 g and sampling time of 40 min
at 25°C was selected. The precision of the method expressed as relative standard
deviation (RSD) of peak area was in the range of 13 - 46%. The limit of detection (LOD)
of the FID detector was 1 ng/mL for both hexanal and 1-octen-3-ol, 5 ng/mL and 9 ng/mL
for 4-cis-heptenal and 2,4-heptadienal, respectively, and slightly higher for 2-nonenal, and
2,6-nonadienal (35 ng/mL and 22 ng/mL, respectively).

(sja einnig Vidauka III. Melingar & lyktarefnum i porskvoovamodeli og porsksodi. Bestun (optimisation) og

mat & adferd fyrir HS-SPME-GC-O og GC-FID)

Data analysis

Analysis of variance (ANOVA) was applied to the data using the Number Cruncher
Statistical Software (NCSS 2000). Significant differences were determined by One way
ANOVA and Duncan’s Multiple-Comparison Test was used to determine the statistical
difference between samples with added hemoglobin from cod and arctic char at each point

of sampling. An effect was considered significant at the 5% level (p<0.05).
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Capelin

Preparation of agueous extracts from capelin

Fish. Two samples of capelin (Mallotus villosus) were obtained from the 5th and 9th
week of the year, respectively. The 5 week sample was caught in net east of Iceland
(Reydafjardardjup, catching zone 462) on the 5th of February 2006. The fish was cooled
on board the fishing vessel in seawater tanks and landed the next day. The temperature
during landing and transportation to the laboratory ranged form 0 to 5 °C. The 9 week
sample was caught in net on February 21st south of Iceland (Reykjanesgrunn, catching
zone 372). Temperature of the fish in the hold on board the ship was 7 °C and no cooling
was used. The sample was stored in an insulated plastic cooler and shipped by airfreight
from Vestmannaislands on the following day and arrived to the laboratory in the morning
February 23rd. Preparation of aqueous extracts from capelin was done on day 3 from

catch for both samples.

Capelin aqueous extracts. The 5 week sample was beheaded and gutted and rinsed in
cold water, but the 9 week sample was used whole without rinsing. Both samples were
coarsely minced in a mixer (Braun electronic) at medium speed. Aqueous extracts were
made from raw and cooked capelin. The raw press juice was made by centrifuging minced
samples (180 g) in 275 mL centrifuge bottles at 27 500g for 120 min. The press juice was
filtered though diaper cloth and stored frozen (-75 °C) until used (PJ-w5 and PJ-w9). The
rest of the mince was cooked to make broth in micro oven at highest power for
approximately 6 min. The broth from the cooked samples were squeezed out using diaper

cloth and stored frozen (-75 °C) until used (B-w5, and B-w9).

Ultra-filtration. The broth from week 5 (B-w5) was ultra-filtrated to make broth with
particle size >300 D and 150-300 D, respectively. The ultra-filtration was done in NF-
Lab-unit (ROP 970 Type Microlab 80) with PCI membranes, AFC 40 MWCO 150 — 300
D (GEA-Filtration). The total membrane area was 0.094 m” and other operating
parameters were 32 °C for the temperature, 35 bars pressure and the flux was 1.25 L/min
for the retentate and 0.025 mL/min for the permeate. Samples were stored in freezer until

analyzed (-75 °C).
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Proximate analyses of capelin

Water content was determined by drying in an oven at 102 to 104 °C for 4 h by ISO
method 6496 (ISO, 1999). Fat content was determined by the Soxhlet method Ba 3-38
(AOCS, 1997) using petroleum ether (Bp. 30-40 °C) for extraction. Crude protein content
was determined with the Kjeldahl method (E) 5983-2 (ISO, 2005) and by multiplying the
nitrogen content by 6.25.

TVN - total volatile nitrogen

Total volatile nitrogen (TVN) was determined on steam distillate of minced capelin (10 g)
or broth (16 — 18 g) according to the official magnesium oxide method 920.03 (AOAC,
2000).

Protein content of aqueous fractions

Protein determination of the capelin aqueous phases was done according to the Biuret
protein assay (Layne, 1957, Torten and Whitake 1964). Protein content, expressed as
mg/mL, was calculated using bovine serum albumin (BSA) as standard. Samples and
standards (600 ul) were mixed with 2.5 mL Biuret solution in disposable plastic cuvettes.
The samples were mixed and allowed to stand for 35 minutes. Afterwards the absorbance

was measured at 540 nm.

Antioxidant assays:

Chelating capacity

The capacity of the samples for chelating ferrous iron was determined according to a
modified method of Benjakul and others (2005). The samples were diluted 100 times and
measured in the range of 500 nm to 800 nm with UV-Vis spectrometer. A volume of 0.05
mL FeCl, (0.2 mM) and 0.1 mL ferrozine (1 mM) were mixed in disposable cuvettes with
1 mL of the diluted sample. Thereafter the mixture was allowed to stand for 10 min before
measuring the absorbance. Distilled water was used as control. The areas of the curves

were calculated with the following equation:
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The chelating capacity was calculated according to the following equation:

area —areda

control

sample 1 0 0

Chelating _capacity(%) =
area

control

DPPH radical scavenging capacity

The DPPH (2,2-diphenyl-1-dicrylhydrazyl) method was used to test the radical
scavenging capacity of the capelin aqueous extracts. A variation of the method based on
Yen and Wu (1999) was applied. The reduction of the DPPH radical was followed by
measuring the absorbance of diluted samples (x100). One mL of the diluted sample was
used to measure the turbidity between 400 nm and 800 nm. Subsequently 10 ul DPPH (10
mM) was mixed with the sample. The mixture was allowed to stand for 40 min before
measuring the absorbance again between the two wavelengths. The area of the curves was
calculated with the following equation:

— Y. —
b= Yiso = Vasa a=7y, _( 650 — Vasa ]x454

Xes0 — Vasa Xeso — Vasa

i, = 454

521 o

The DPPH scavenging effect was calculated with the following equation:
area

. area control
DPPH scavenging effect =
area

sample J * 100%

control

Oxygen Radical Absorbance Capacity (ORAC)

A modification of the method of Davalos and others (2004) was used. Mx300 Real-Time
PCR System (Stratagene) was used for the fluorescence measurements controlled by
MxPro computer program. The capelin samples had a high radical scavenging capacity
and therefore the concentration of the 2,2"-azobis (2-methylpropionamidine)

dihydrochloride (AAPH) and the 6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
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acid (Trolox) were increased. All reagents were prepared in 75 mM sodium phosphate-
buffer (pH 7). The samples were diluted 100 times and 20 pL were placed in the well
(200 pL) of a micro-plate (Starstedt). Afterwards 120 mL fluorescein (70 nM) was added
and the mixture was pre-incubated at 37 °C for 15 min. Subsequently, 120 uL AAPH
(0.24 M) were added and placed immediately in the reader. The fluorescence (FAM) was
recorded at 37 °C every minute for 80 min. A blank was prepared the same way as the
sample, using distilled water instead of a sample. The first data measured after 6 seconds
was used as t=0. The antioxidant curves (fluorescence versus time) were normalized. The

data from the curves were multiplied by the factor:

fluorescence,,,, ,_,

fluorescence,,,,,

The area under the fluorescence decay curve (AUC) was calculated of the normalized

curves with the following equation:

AUC:1+[=ZSE)£

i=0,4J 0

f; = fluorescence _reading at time i

f, =initial _ fluorescence reading at 0.2 min
The net AUC was calculated by subtracting the AUCyjank from the AUCgampe.

Peptide analysis by Capillary Electrophoresis (CE)

Materials
Gly-Gly-Gly ((Gly)s3), anserine (B-ala-methyl-his), carnosine (p-ala-his), and amino acid
standards were obtained from Sigma-Aldrich Inc. All other chemicals were of analytical

grade.

Preparation of the low-molecular-weight peptide and free amino acid fraction

Acetone extracts. 2 mL (depending on the protein concentration) of aqueous phase from
capelin was suspended in 2 mL acetone and mixed with a Vortex for 20 s; pH of the
suspension was adjusted to 4.6 with 4 M HCI. Precipitated protein was removed after 1
hour at room temperature by centrifugation at 4500 rpm for 30 min. The supernatant was

filtered through a Whatman filter no. 1 and an internal standard (Gly); added to a final
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concentration of 0.1 mg (Gly); ml” acetone extract. The extract was concentrated to 500
uL by evaporation of the acetone with nitrogen, and an equal amount of 10 mM
phosphate buffer, pH 2.75, was added. The extract: buffer (1:1) was filtered through 0.45
um filter prior to CE analysis.

Capillary electrophoresis analysis (CE)

All CE separations were performed on an Agilent CE system (Agilent, Germany).
Separations were carried out on a standard 50 pum id capillary with an effective length
24.5 cm and an enlarged bubble cell in the detector window. A 100 mM phosphate buffer,
pH 2.75, filtered through a 45m filter and degassed, was used as separation buffer. Prior
to the first use and after extensive use the capillary was flushed with 1M NaOH (60min),
0.1 M NaOH (15 min), HO (5 min), 100 mM phosphoric acid (10 min) and separation
buffer (15 min). The capillary was thermostated to 25 °C. Samples (the concentrated
ethanol extracts) were injected by pressure at 15 kNsm™ and separated at a constant
voltage of 15kV. UV absorbance was monitored at 214 nm and 228 nm using Diode
Array Detector. The separation time was 30 min between each run the capillary was
preconditioned with 100 mM phosphoric acid for 5 min and with separation buffer for 8
min. Separation buffer was renewed each separation. The total corrected peak area was

related to the corrected peak area of the internal standard (Gly)s.

(Sja einnig Vidauka IV. Mlingar 4 amin6syrum og peptidum med capillary electrophoresis - mat & adferd
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VIDAUKI Il

Melingar a lyktarefnum i porskvodvamaodeli og porsksodi
Bestun (optimisation) og mat a adferd fyrir
HS-SPME-GC-O og GC-FID
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Melingar a lyktarefnum i porskvédvamaodeli og porsksodi. Bestun (optimisation) og
mat a adferd fyrir HS-SPME-GC-O og GC-FID

f pessum hluta eru nidurstodur fyrir bestun og mat & adferd til akvordunar 4 lyktarefnum i
porksmodelkerfi og porsksodi vid sofnun & loftrymi (HS) med SPME og gasgreini GC-
sniffi (O) og GC-FID. Notud voru stadalefnin hexanal, 4-heptenal, 2,4-heptadienal, 1-
octen-3-ol, 2-nonenal og 2,6-nonadienal, til ad skoda adgreiningarhafni, stadalkurfur,
samkvaemni, greiningarmdrk, malisvid og nemni adferdarinnar. Studst var vido NMKL-

prosedyre nr 4 (1996), Validering av kjemiske analysemetoder, vid mat 4 adfero.

Skammstafanir:
HS, headspace (loftrymi)
SPME, solid phase microextraction
GC, gas chromatography (gasgreinir)
O, Olfactometry (sniff)
FID, flame ionization detector
MS, mass spectrometry

1. Bestun a synatokuadferd
Syni
2 kg af porskflokum voru fengin fra Fiskbud Haflida pann 8. névember. Veididagur var 5.

névember og fiskurinn var flakadur 7. névember.

Synaundirbuningur

Fiskurinn var sodinn i Toshiba 6rbylgjuofni 1 2,5 min (power level 9) i 500 mL
glerkrukkum, u.p.b. 250 g fiskur/krukka. Kalt. Sodvatni safnad saman i eina krukku og
sidan skipt i 25 mL GC glos samkvamt 2° Fractional Factorial Design (sja toflu 1). T hvert
glas var batt ut i 0,5 mL af hexanal stadal (1uL/500 mL vatn). Fryst v/-80°C 1 25 mL

vials fyrir mealingu.

Bestun
Eftirfarandi peettir voru bestadir:

SPME timi (20/40min), hitastig (RT/30°C) og synasteerd (5/10 mL).

Oll syni mald (+ tvo midjusyni) voru mald pann 9. névember fyrir utan tvé sem mald

voru 8. november eftir ad hafa verid fryst og pidd aftur.
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Tafla 1. 2° Fractional Factorial Design fyrir bestun 4 HS-SPME-GC adfers.

Time (min) Temp (C) Sample size (mL) | Hexanal Total area
Cube001a 20 RT 10 168879 373155
Cube001b 20 RT 10 62347 240701
Cube002a 40 RT 5 175383 457010
Cube002b 40 RT 5 160465 432371
Cube003a 20 30 5 169626 381183
Cube003b 20 30 5 194524 459473
Cube(004a 40 30 10 138199 474960
Cube004b 40 30 10 173179 535022

Nidurstodur

Vid tutreikninga var midad vid flatarmal hexanal, sem er demigert myndefni oxunar og
heildarflatarmal (total area). Med analysis of effects virtust timi, hitastig og synasterd
ekki ahrif & magn hexanals (flatarmal) en ef heildarflatarmal allra efnanna var skodad

reyndist marktaekur munur i tima. Ut fr pessum nidurstodum var dkvedid ad notast vid

eftirfarandi skilyroi:
Timi: 40 min
Hiti: 25°C

Synasterd: 5 mL sod eda 5g syni fyrir porskmodel.

Préfun a synamagni

Vid fyrstu melingar & porskvodvamaddeli var notast vid 20 g syni 1 250 mL Erlenmayer
flosku. Til ad skoda betur ahrif synamagns var pratt porskvédvamodel (geymt i tvo daga
til ad na fram praa) notad til ad préfa mismunandi synamagn (1g 1 25 mL vial, 5 g i 100
mL eda 20 g i 250 mL Erlenmayer flosku). Synin voru buin ad oxast i 47 tima adur en pau
voru sett 1 frysti (-80 °C) fram ad melingu. 5 g syni i 100 mL komu vel Gt og pvi notast

vid pad synamagn.

2. Mat a adferd

Vido mat 4 adferd eru pettir eins og adgreiningarhaefni, stadalkirfur, samkvaemni
(precision), greiningarmérk, malisvid og neemni adferdar metin. Utbtinin voru syni med

stadalviobotum med pvi ad leysa 6 stadalefni (hexanal, 4-heptenal, 2,4-heptadienal, 1-

octen-3-ol, 2-nonenal og 2,6-nonadienal) upp i porsksodi. B&di fylgnistudull (corr coeff)
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og sveigjustudull (coefficient of curvature) voru reiknadir ut fyrir stadalkurfunum.
Stadalkurfurnar voru einnig notadar til ad dkvarda styrksvid eda malisvid auk pess sem
greiningarmdrk (LOD), magngreiningamdrk (LOQ) og nemni (sensitivity) voru

akvoroud.

Adgreiningarhafni

Stadalefnin hafa mismunandi rastima og adgreinast mjog vel.

Stadalkurfur

Utbunar stadalvidbatur fyrir stadalkarfur, 5 mismunandi styrkir, jafndreifdir fyrir
eftirfarandi efni: hexanal, 4-heptenal, 2,4-heptadienal, 1-octen-3-ol, 2-nonenal og 2,6-
nonadienal. Stofnlausn (20 ng/ml) af efnunum var utbuin med pvi ad leysa 1ul af hverjum
stadli 1 50 mL sodvatn. Sidan voru utbunir eftirfarandi stadlar i 25 mL vials, prir af

hverjum stadli, sem pynntir voru i sodvatni ad 5 mL:

Tafla 2. Magn stadla og sodvatns fyrir maelingar a stadalkarfum.

ml af ml
ng/ml stofnlausn sodvatn
80 2,000 3,000
40 1,000 4,000
20 0,500 4,500
10 0,250 4,750
5 0,125 4,875

Melingar voru gerdar med SPME-GC par sem hverjum stadli (melipunkti) var sprautad
inn & GC sulu prisvar sinnum. Fresta purfti loftdelu-GC-MS vegna bilunar & teki en

stadalvidbaeturnar frystar vid -80°C fram ad melingu.
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Mynd 1. Stadalkirfa og linuleg adhvarfsgreining fyrir hexanal, 4-heptenal, 1-octen-3-ol, 2,4-
heptadienal, 2-nonenal og 2,6-nonadienal i 5 mL porsksodi meelt med HS-SPME-GC-FID.

Mynd 1 synir stadalkarfur fyrir stadalefnin maeld med GC-FID. A myndunum eru einnig
nidurstodur linulegrar adhvarfsgreiningar dsamt fylgnistudli. Fylgnistudullinn var 1 61lum
tilvikum R>0,99 en samkvemt krofum NMKL-prosedyre nr 4 (1996) a fylgnistudullinn
ad vera R>0,999. Fyrir rokgjorn efni er mjog erfitt ad fa gédar endurtekningar og pvi
R>0,99 mj6g asettanlegt.

Samkveemni (precision)
Samkvaemni, p.e. melikvardi 4 dreifingu nidurstadna sem fast med endurteknum

melingum, er hér gefin upp sem stadalfravik (s). Pannig er tvimelingagildi (repeatability,
r) gefid upp sem s, og endurtekningahafni (reproducibility, R) sem sg. Vid utreikninga 4

samkvaemi (tvimalingagildi, s;) voru notadar nidurstoour melinga 4 stadalktrfu.
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Tafla 2. Samkvaemni (repeatability, s;) fyrir hexanal, 4-heptenal, 1-octen-3-ol, 2,4-heptadienal, 2-

nonenal og 2,6-nonadienal i 5 mL porsksodi maelt med HS-SPME-GC-FID.

Stadall styrkur flatarmal Sy RSD (%) N
ng/ml  medaltal
hexanal 0.0 13511 432 3.2 3
5.0 150851 13061 8.7 3
10.0 260111 36816 14.2 3
20.0 319737 36816 4.2 3
40.0 372938 75047 20.1 3
80.0 354188 60200 17.0 3
4-heptenal 0.0
5.0 520237 49039 9.4 3
10.0 1101342 106848 9.7 3
20.0 1690886 106848 11.5 3
40.0 2205315 448586 20.3 3
80.0 2832807 402175 14.2 3
1-octen-3-ol 0.0 3
5.0 461959 7623 1.7 3
10.0 974130 22349 2.3 3
20.0 1631728 22349 5.8 3
40.0 2814780 355783 12.6 3
80.0 4544687 637966 14.0 3
2,4-heptadienal 0.0 3
5.0 67109 7847 11.7 3
10.0 166508 14381 8.6 3
20.0 305803 14381 14.7 3
40.0 350372 73927 211 3
80.0 887998 128480 14.5 3
2-nonenal 0.0 3
5.0 12310 799 6.5 3
10.0 34452 3379 9.8 3
20.0 74391 3379 14.9 3
40.0 152127 21612 14.2 3
80.0 427823 126278 29.5 3
2,6-nonadienal 0.0 3
5.0 20940 2399 11.5 3
10.0 61142 10577 17.3 3
20.0 124014 10577 17.8 3
40.0 243321 50226 20.6 3
80.0 714197 141639 19.8 3

Hlutfallslegt stadalfravik (RSD) liggur alls stadar & bilinu 3 til 30 % sem er mjog gott og i

samreemi vid radlagt hlutfallslegt stadalfravik (RSD) fyrir endurtekningahaefi vio

mismunandi styrk (tafla 3). Pessar upplysingar eru fengnar ir NMKL procedure No.4

(1996) en koma upphaflega ur Pure & Appl. Chem. 62 (1990) 149-162.
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Tafla 3. Radlagt hlutfallslegt stadalfravik (RSD)
fyrir endurtekningahaefi vid mismunandi styrk.

Styrkur efnis RSD (%)
100 g/kg 2
10 g/kg 3
1 g/kg 4
100 mg/kg 5
10 mg/kg 7
1 mg/kg 11
100 ug/kg 15
10 pg/kg 21
1 ug/kg 30
0.1 yg’kg 43

Til ad meta endurtekningahefni (reproducibility, R) var notad pratt porskvodvamodel
(geymt 1 tvo daga til ad na fram praa), 5 g 1 100 mL Erlenmayer flosku (Tafla 4). Synin
voru blin ad oxast i 47 tima &dur en pau voru sett i frysti (-80 °C) fram ad malingu.

Synin voru mald med priggja vikna millibili.

Tafla 4. Endurtekningarhaefni (reproducibility, sg) fyrir hexanal, 4-heptenal, 1-octen-3-ol, 2,4-
heptadienal, 2-nonenal og 2,6-nonadienal mzelt med HS-SPME-GC-FID.

Efni Flatarmal Sr RSD (%) N
Medaltal

hexanal 133285 21545 16.2 6

4-heptenal 19482 4271 21.9 6

Heptanal 14952 2424 16.2 6

1-octen-3-ol 3807 1756 46.1 3

2,4-heptadienal 2270 296 13.0 3
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Hittni (accuracy)

Hittni er meaeld t.d. med heimtuprofi en pad hefur ekki verid framkvaemt.

Styrksvid, meelisvid

Mzelingar 4 stodlum voru gerdar 4 styrksvidinu 5 til 80 ng/ml. Mynd 2 synir stadalkurfur
fyrir stadlana og ma sja ad malingar voru linulegar ad 10 ng/ml fyrir hexanal, cis-4-
heptenal og 1-octen-3-ol, 20 ng/ml fyrir 2,4-heptadienal og 40 ng/ml fyrir 2-nonenal og

2,6-nonadienal.
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Mynd 2. Stadalkufur fyrir hexanal, cis-4-heptenal, 2,4-heptadienal, 1-octen-3-ol, 2-nonenal og 2,6-
nonadienal i 5 mL porsksodi maelt med HS-SPME-GC-FID.
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Greiningarmdork (LOD, limit of detection) og magngreiningamdork (LOQ, limit of
quantification)

Greiningarmork eru skilgreind sem sd styrkur sem gefur malisvorun prefalt sterri en
stadalfravik blankmelinga (bakgrunnssvorun). Er pad midad vid 99% Oryggisstig
(confidence level). Magngreiningarmdrk er sa styrkur sem er 10 sinnum stadalfravik
bakgrunnsskekkjunnar.

Greiningarmork voru akvordoud med pvi ad akvarda melisvorun FID nemans i sex
blankmalingum 4 einni minitu (milli 14. og 15. minttu). Fjarlegdin milli lagmarks- og
hamarkssvorunar & pessu timabili var skilgreint sem grunnlina. Prisvar sinnum svorunin

var umbreytt i styrk med stadalkurfu og greiningarmérk akvordud ut fra pvi.

Greiningarmork og magngreiningarmork fyrir stadalefnin voru eftirfarandi:

Stadall LOD (ng/mL) LOQ (ng/mL)
Hexanal* 0,054 0,178
4-heptenal 0,012 0,040
1-octen-3-ol 0,014 0,046
2,4-heptadienal 0,085 0,285
2-nonenal 0,352 1,172
2,6-nonadienal 0,217 0,723

*Grunngildi fyrir hexanal var 0,737 ng/mL

63



VIDAUKI IV

Mzelingar a aminosyrum og peptioum med capillary

electrophoresis - mat a adferd
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Analysis of amino acids and peptides using capillary electrophoresis

Method validation

Method validation includes selectivity, linearity, accuracy, precision and limit of detection
and quantification. Two validations with 2 different standards were prepared. The
standards were dissolved in 10 M phosphate buffer. For the first validation the 3
standards, were used glycine, phenylalanine and anserine in the concentration from 0.015
to 1.5 mg/ml. the standard glycyl-glycyl-glycine (Gly-Gly-Gly) in the concentration
between 0.01-5 mg/ml was used for the second validation. This validation was prepared
two times with different concentration because of high relative standard deviation and bad
linearity in the first validation. The Gly-Gly-Gly standard was utilized as internal standard
for the samples. The preparation of the samples for the capillary electrophoresis was made
with a modification from the method from Reville and Fox. Table 1 shows the samples

which were analyzed.

Table 1. The different samples of aqueous capelin extracts analyzed

Sample Description NB
1 Raw press juice-week 5
2 Broth-week 5 Cloudy solution
4 Broth > 300 dalton Very cloudy solution
5 Broth: 150-300 dalton
6 Raw press juice-week 9
7 Broth-week 9 Cloudy solution

Materials and Method
First Validation

Stock solution: 15 mg glycine, phenylalanine and anserine were dissolved in 10 ml
phosphatebuffer (10 M). The other concentrations were prepared in 5 ml volumetric flask
(Table 2). The standard concentration 0.15 and 0.015 mg/ml were injected three times in

the capillary electrophoresis. The highest standard concentration was measured ten times.

Table 2. Amount of standard solution and buffer for standard curve

Concentration in mg/ml V stock solution in ml V buffer in ml
1,5 5 0
0,15 0,5 4,5
0,015 0,05 4,95
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Second Validation

The standard was Gly-Gly-Gly and two standard curves were made.

Preparing of the standard 1
Stock solution: 50 mg Gly-Gly-Gly was dissolved in 10 ml phosphatebuffer (10 M). The
other concentrations were prepared in 5 ml volumetric flask (Table 3). Each standard was

measured three times with the capillary electrophoresis.

Table 3. Amount of stock solution and buffer for standard curve

Concentration in mg/mi V stock solution in ml V buffer in ml
5 5 0
1 1 4
0,1 0,1 4,9
0,01 0,01 4,99

Preparing of the standard 11

Stock solution: 20 mg Gly-Gly-Gly was dissolved in 10 ml phosphatebuffer (10 M). The
other concentrations were prepared in 5 ml volumetric flask (Table 4). The highest
standard concentration was measured four times with the capillary electrophoresis. The

other concentrations were injected three times in the capillary electrophoresis.

Table 4. Amount of stock solution and buffer for standard curve

Concentration in mg/ml V stock solution in ml V buffer in ml
2 2 0
1 25 25
0,5 1,25 3,75
0,1 0,25 4,75

Sample preparation for recovery evaluation
The internal standard and the two standard mixtures were prepared in phosphatepuffer (10

M) in a 10 ml volumetric flask as in Table 5.
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Table 5. Chemical composition and concentration of the internal standard, standard mixture 1
and 2

Internal standard Standard mixture 1 Standard mixture 2

Substance Cin mg/ml Substance Cin mg/ml Substance Cin mg/ml

Gly-Gly-Gly 1 Carnosine 1 Anserine 1
Lysine 1 Alanine 1
Glycine 4 Taurine 4

2 ml of each sample was mixed with 2 ml of acetone and stirred with a Vortex for 20s.
Than the pH was adjusted to 4.6 with 1 M HCI. The precipitated protein was removed
after 1 h at room temperature by centrifugation at 4500 rpm for 30 min. The supernatant
was filtered through a Whatman filter no. 1 whereof 1 ml was taken and internal standard
and/or standard mixtures added as shown in Table 6. The sample was concentrated to 300
ul by evaporation of acetone with nitrogen. The amount of 700 pl buffer was added after
this and the extract was filtered through 0.45 um filter prior to CE analysis. The standard

mixtures were only added for identification.

Table 6. Measurements from the samples

Number Of sample V int. standard V int. mixture 1 V int. mixture 2
injections

2 Raw press juice-week 5 100 pl / /

1 Raw press juice-week 5 100 ul / /

1 Broth-week 5 100 ul / /

1 Broth-week 5 / / /

1 Broth > 300 dalton 100 pl / /

1 Broth > 300 dalton / / /

1 Broth: 150-300 dalton 100 pl / /

1 Broth: 150-300 dalton / / /

1 Raw press juice-week 9 100 pl / /

1 Raw press juice-week 9 / / /

1 Raw press juice-week 9 100 pl 100 pl /

1 Raw press juice-week 9 / / /

2 Broth-week 9 100 pl / /

1 Broth-week 9 100 pl / 100 pl

1 Broth-week 9 / / /

/ : no addition of standard in samples

Results

First Validation
Standard curve
Figure 1 shows the standard curve and linearity for anserine and phenylalanine at the

wavelength 214.1 nm and 195.1 nm. The linearity was R > 0.999 for both anserine and
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phenylalanine at both wavelengths which is acceptable according to NMKL-prosedyre nr
4 (1996)". The standard glycine was only detected by the concentration 1.5 mg/ml and

therefore it was not possible to make a calibration.

anserin by 214,1 nm y = 283,6x anserin by 195,1 nm y = 409,22x

R? =0,9987 R? =0,9993
500 700
> 3

400 600
500
300 400

200

300
200
100 100

area
area

0 0
0 0,5 1 15 2 0 05 1 15 2
Cin mg/ml cin mg/ml
phenylalanin by 214,1 y =18254x phenylalanin by 195,10 y =5515,8x
R = 0,9994 R? =0,9998

3.000 10.000
2.500 8.000 A
2.000 / 6.000 /
1500
1000 / 4.000 1
500 2.000 |
0 0
0 05 1 15 2 0 05 1 15 2

area
area

Cin mg/ml Cin mg/ml

Figure 1. Standard curve and linearity of anserine and phenylalanine by the wavelength 214.1 nm
and 195.1 nm measured with capillary electrophoresis

Precision
The relative standard deviation (RSD) was between 7 and 37 % (Tables 7 and 8) which is
too high according to recommendations (Table 13). This validation was therefore repeated

because of the high RSD and bad linearity.

Table 7. Precision for anserine and phenylalanine by wavelength: 214.1 nm

concentration in mg/ml | average sr RSD (%) n

Anserine 0,015 4,67 0,34 7,31 3
0,15 30,56 7,97 26,08 3

1,5 426,59 57,17 13,40 10

phenyalanine 0,015 45,50 17,08 | 37,54 3
0,15 225,08 57,84 25,70 3

1,5 2.742,72 364,46 13,29 10
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Table 8. Precision for anserine and phenylalanine by wavelength: 195,1 nm

concentration in mg/ml average sr RSD (%) n

anserine 0,015 7,46 0,92 12,30 3
0,15 48,98 15,89 32,44 3

1,5 615,06 81,40 13,23 10

phenyalanine 0,015 146,89 | 37,37 | 2544 3
0,15 778,82 200,73 25,77 3

1,5 8.277,88 |1.027,55| 12,41 10

Second Validation

Standard curve for standard 1

y =103,79x - 11,736
Glycylglycylglycine by 214,1 nm R2 = 09915 Glycylglycylglycine by 195,1 nmY

600 6000
500 | / 5000 - /
400 4000

300 - / 3000 | /
200 2000

=1020,6x - 111,31
R? =0,9919

area
area

Cin mg/ml Cin mg/ml

Figure 2. Standard curve and linearity of Gly-Gly-Glyby the wavelength 214.1 nm and 195.1 nm
measured with capillary electrophoresis.

Figure 2 shows the standard curve and linearity for Gly-Gly-Gly by the wavelength 214.1
nm and 195.1 nm. The linearity is R > 0.99 for Gly-Gly-Gly for both wavelengths.

Precision from the for standard 1

The relative standard deviation (RSD) shown in Table 9 and 10 was too high for the
concentrations or between 4 and 43 %. Each standard was measured three times with the
capillary electrophoresis but the area of the internal standard for one concentration

changed too much resulting in to high RSD. The precision is therefore not very good.

Table 9 Precision for Gly-Gly-Gly by Wavelength: 214.1 nm

concentration
in mg/ml average sr RSD (%) n
0,01 0 0 0 3
0,1 15,03 0,65 4,34 3
1 58,64 25,25 43,06 3
5 513,57 | 195,20 38,01 3
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Table 10. Precision for Gly-Gly-Gly by Wavelength: 195.1 nm

concentration
in mg/ml average sr RSD (%) N
0,01 0 0 0 3
0,1 148,70 7,71 5,19 3
1 589,61 251,85 42,71 3
5 5052,01 | 1725,42 34,15 3
Standard curve for standard 11
Glycylglycylglycine by 214,1 nm  y = 172 38x Glycylglycylglycine by 195 nm y =1714x
R? = 0,9997 R? =0,9995
400 4000
350 - 3500 »
300 4 / 3000 P
c 250 o 2500 //
@ 200 - g 2000
& 150 / 5 200 Pprd
00 000 //
50 - 500
0 / : : : 0 : :
0 05 1 15 2 25 0 05 1 15 2 25
Cinmg/mi Cin mg/ml

Figure 3 Standard curve and linearity of Gly-Gly-Gly by the wavelength 214.1 nm and 195.1 nm
measured with capillary electrophoresis.

Figure 3 shows the standard curve and linearity for Gly-Gly-Gly by the wavelength 214.1

nm and 195.1 nm. It is a good linearity with R > 0,999 for Gly-Gly-Gly for both

wavelengths.

Precision for standard I1

Table 11. Precision for Gly-Gly-Gly by Wavelength: 214.1 nm

concentration

in mg/ml average sr RSD (%) N
0,1 17,75 1,10 6,19 3
0,5 86,70 2,70 3,12 3

1 168,28 2,86 1,70 3
2 346,67 3,58 1,03 4

Table 12. Precis

ion for Gly-Gly-Gly by

Wavelength: 195.1 nm

concentration

in mg/ml average sr RSD (%) N
0,1 174,18 5,62 3,23 3
0,5 857,80 34,57 4,03 3

1 1662,88 12,77 0,77 3
2 3453,21 40,55 1,17 4

The precision was much better than in the calibrations before with the relative standard

deviation between 1 and 6%.
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Table 13. Recommended relative standard deviations (RSD) for reproducibility at different
concentration

Concentration RSD (%)

100 g/kg

10 g/kg

1 g/kg

100 mg/kg

N B WiIN

10 mg/kg

Recovery

Table 14. Overview of samples for recovery evaluation

Sample int. std. | int. mix.1 | int. mix. 2 | Area (mAU*s) int. std
Raw press juice-week 5 Yes / / 5,48
Raw press juice-week 5 Yes / / 5,62
Raw press juice-week 5 Yes / / 9,17
Broth-week 5 Yes / / 7,71
Broth > 300 dalton Yes / / 17,09
Broth > 300 dalton / / / /
Broth: 150-300 dalton Yes / / 8,35
Broth: 150-300 dalton / / / /
Raw press juice-week 9 Yes / / 15,57
Raw press juice-week 9 / / / /
Raw press juice-week 9 Yes Yes / 10,61
Raw press juice-week 9 / / / /
Broth-week 9 Yes / / 17,97
Broth-week 9 Yes / / 20,21
Broth-week 9 Yes / Yes 14.6

area int. Std.in buffer
buffer 19,87
buffer 20,87
average 20,37
std 0,707
RSD 3,471

The Recovery is calculated with the following equation.

ared e int. std. sample 5
recov ery(%) = s _in_si_samte 10 _ 2037 410 _ 59 0804
area 4

average _int._std. buffer >

Reference

NMKL-prosedyre nr 4 (1996), Validering av kjemiske analysemetoder. Versjon 1,
31.12.1996.

Prepared by Judith Reichert
July 2006
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VIDAUKI V

The effect of heating and the use of antioxidants in washed cod muscle

system and cod mince.
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The effect of heating and the use of antioxidants in washed cod muscle system and

cod mince.

The effect of thermal treatment on oxidation in washed cod model system

The effect of thermal treatment on hemoglobin mediated oxidation in phospholipids
model system from cod muscle was studied by monitoring oxidative changes during
chilled storage on ice by sensory analysis, TBARS (thiobarbituric reactive substances),

and instrumental color changes.

Materials and methods
See chapter on research materials and methods
Results and discussion

Thermal treatment of cod model system

Thermal treatment of the cod model system increased the oxidation of the model as
measured by rapid increase in rancid odor described as rancid, painty and dried fish odors
(Figure 1) TBARS (Figure 2) as well as in loss of red color (Figure 3) already on the first

day of storage.

100 -
90 -
80 - L
70
60 -
50 - L
40 -
30 -
20 - ) T T

10 4 }/4’\;‘
0 ‘ ‘

Odour score (rancidity)

—e— Blank —A— Raw —&— Cooked

Figure 1. Sensory analysis of rancid odor (odour score) in raw and cooked washed cod model

with added hemoglobin and raw without hemoglobin (Blank), stored at 0 °C for 4 days.
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Figure 2. TBARS in raw and cooked washed cod model with and added hemoglobin and raw

without hemoglobin (Blank), stored at 0 °C for 4 days.

N

Cga*-val_l\Je)

Retj\ness

—e— Blank —A— Raw —&— Cooked

Figure 3. Redness (a* value) in raw and cooked washed cod model with and added hemoglobin

and raw without hemoglobin (Blank), stored at 0 °C for 4 days.
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Antioxidant activity of seaweed in cooked cod fish mince

The antioxidant activity of seaweed in thermally treated cod mince was studied by
monitoring oxidative changes during storage at 4° C by sensory analysis, TBARS

(thiobarbituric reactive substances) and instrumental colour changes.

Materials and methods

Preparation of seaweed water extracts

Seaweed was collected in Hvassahraun, coast nearby Hafnarfjordur in Iceland on October
12th, 2007. The freshly collected whole seaweed was washed with clean seawater to
remove salt, epiphytes, and sand attached to the surfaces of the samples and transported to
laboratory. The samples were carefully rinsed with tap water, wiped with paper towel. For
Lamiharia hyperborea and Laminaria saccharina, the thallus was divided into two parts-
new and old growth. About 200 g sample was put into an aluminium box with lid and
stored in freezer at —20 °C. The frozen seaweed samples were lyophilized for 72 h,
pulverized into powder with Waring blender and stored at —80 °C prior to extraction.

5 g of the ground algal powder was mixed with 100ml of distilled water and placed in
shaking incubator (InnovaTM 2300 Platform shaker, 200 rpm) for 24 h at room
temperature. The mixtures were centrifuged at 3500 rpm for 10 min at 4 °C and filtered
with Whatman no. 4 filter paper. The supernatant was freezed-dried into powder and then

stored at —80 °C until use.

Samples

Fillets from cod (Gadus morhua) obtained from Sjofiskur supplier were skinned and
minced. The cod fillets (about 3 kg) arrived early morning December 11" 2007, to Matis
ohf. Skulagata. The odour was neutral but the fillets had blood spots and brown stripes.
Commercial antioxidants (ascorbic acid and tocopherol) and seaweed as possible
antioxidants (Fucus vesiculosus (i: bélupang) and Palmaria palmate (i: s6l)) were added
into mince (Table 1). The mince with added Palmaria palmate had a shrimp like colour.
The mince samples were added into aluminium boxes, 50 g/box and steam cooked (90-
100°C) for 6 minutes, cooled and kept at 4°C during the storage experiment. The samples

were analysed at day 0, 1, 3 and 6.
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Table 1. Addition of antioxidants in fish mince: ascorbic acid, tocopherol and seaweed extracts.

Sample group Antioxidant Amount of antioxidant (ppm)
Blank -

Vit - C Ascorbic acid 200

Vit-E Tocopherol 200

Bolupang Fucus vesiculosus 500

Sol Palmaria palmate 500

Sensory analysis, TBARS, color and pH measurements

Three trained panellists sniffed the samples in the aluminium boxes using an unstructured
scale (15 cm) for following odour attributes: seaweed, neutral, fresh, boiled potato like
odour, vanilla/boiled milk odour, table cloth, TMA and sour/putrid odour. Only the
results for neutral odour and boiled potato odour are shown. TBARS, red color (a*) and

pH measurement were done as described in chapter on research materials and methods.

Data Analysis

Calculations were based on three sample preparations of samples (n = 3) and standard
deviation (SD) calculated. Analysis of variance (ANOVA) was applied to the data using
the Number Cruncher Statistical Software (NCSS 2000). Significant differences were
determined by One way ANOVA and Duncan’s Multiple-Comparison Test was used to
determine the statistical difference between samples with added haemoglobin from cod
and arctic char at each point of sampling. An effect was considered significant at the 5%

level (p<0.05).

Results and discussion

Neutral odour decreased significantly in the blank sample (without antioxidant) already
on the first day, compared to samples with both commercial and seaweed antioxidants
(Figure 4). The formation of boiled potato odour, oxidatively derived odour, was similar
in all sample although higher in sample with ascorbic acid (Figure 4). The TBARS were
very low during the whole storage experiment. Addition of seaweed to cod mince
increased the red colour of the samples (Figure 6). Colour measurements are perhaps not

the best quality parameter to study oxidation in systems with added seaweed.
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Figure 4. Sensory analysis of neutral odour and boiled potato odour (odour score) in cooked cod mince with

added antioxidants, stored at 4 °C for 6 day
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Figure 5. TBARS in cooked cod mince with added antioxidants, stored at 4 °C for 6 days.
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Figure 6. Redness (a* value) in cooked cod mince with added antioxidants, stored at 4 °C for 6 days.
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