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1. Seznam pouzitych zkratek

AA Kyselina arachidonova (20:4n-6)

ALA  Kyselina alfa linolenova (18:3n-3)

A Delta

DHA Kyselina dokosahexaenova (22:6n-3)

DPA  Kyselina dokosapentaenova (22:5n-3)

EPA  Kyselina eikosapentaenova (20:5n-3)

HUFA Vysoce nenasycené mastné kyseliny (20 a vice uhlik( a zaroven 3 a vice dvojnych vazeb)
LA Kyselina linolova (18:2n-6)

MUFA Mononenasycené mastné kyseliny (jedna dvojna vazba)

PUFA Polynenasycené mastné kyseliny (2 a vice dvojnych vazeb)

SFA  Nasycené mastné kyseliny (bez dvojnych vazeb)



2. Uvod

2.1. Lipidy a jejich vliv na kvalitu masa

Lipidy jsou ,,velmi heterogenni skupinou organickych latek nachazejicich se v organismech. Jsou
omezené rozpustné ve vodé a naopak dobre rozpustné v organickych rozpoustédlech (definice
podle vlastnosti)“ (Kodi¢ek, 2007). Jsou hlavni zasobarnou energie v téle (obsahuji 2,3x vice
energie nez sacharidy a 1,7x vice neZz bilkoviny) a zakladni slozkou biologickych membran
(pfedevsim fosfolipidy). Ddle maji funkci ochrannou (tepelnou a mechanickou) a regula¢ni
(steroidni hormony, eikosanoidy).

Jejich obsah a kompozice zdsadné ovliviuji kvalitu masa ryb zhlediska senzorickych
a technologickych vlastnosti, nutri¢ni hodnoty i skladovatelnosti. Z hlediska senzorickych vlastnosti
jsou lipidy nositeli chuti a vini (Dostalova, 2011; Kawai, 1996) a jejich obsah vyrazné ovliviiuje
texturu masa (Andersen et al., 1997; Masilko et al., 2015). Z nutri¢niho hlediska je v mase ryb
zasadni predevsim kompozice mastnych kyselin. Ryby jsou obecné bohatym zdrojem esencialnich
polynenasycenych mastnych kyselin (PUFA) a n-3 vysoce nenasycenych mastnych kyselin (HUFA,
20 a vice uhlikl a 3 a vice dvojnych vazeb). Ty jsou duleZité pro prevenci a IéCbu kardiovaskularnich
onemocnéni, rozvoj mozku, nervové soustavy, oci a kognitivnich vlastnosti (Helland et al., 2003;
Horrocks a Yeo, 1999; Innis, 2007; Lauritzen et al., 2001; Mozaffarian a Wu, 2011; Simopoulos,
2008) (vice viz kapitola 2.4.). Lipidy také vyznamné ovliviiuji skladovatelnost rybiho masa,
predevsim pfi skladovani mrazenych ryb a rybich vyrobkd. Kvali vysokému obsahu PUFA a HUFA
jsou totiz ryby nachylné k autooxidaci a naslednému vzniku neZadoucich pachl a pachuti
(Jacobsen, 1999; Refsgaard et al., 2000; Venkateshwarlu et al., 2004). Produkty oxidace lipid({i
mohou také mit nepfiznivy vliv na lidské zdravi a podle typu mohou byt vice ¢i méné toxické
(karcinogenni, mutagenni, hepatotoxické, cytotoxické, popt. prispivaji k rozvoji aterosklerézy)
(Billek, 2000). Obsah tuku také vyznamné ovliviiuje technologické vlastnosti rybiho masa.
Napftiklad pro uzeni makrely obecné (Scomber scombrus) je vhodny obsah tuku v mase alespon 10
% (Keay, 2001) a naopak pfilis vysoky obsah tuku mlze zplsobovat jeji praskani a trhani pti uzeni
(Ingr, 1994).

Obsah tuku a kompozice mastnych kyselin v mase ryb je vysoce variabilni a je ovlivnén mnoha
faktory, jako je druh ryby, vyZiva, teplota prostiedi, pohlavi, vék, Slechténi atd. (Henderson

a Tocher, 1987; Tocher, 2003). Diky tomu lze vhodnou kombinaci nékterych technologickych kroku



v prlibéhu chovu a zpracovani ryb dosahnout optimalnich poZzadovanych hodnot (vice viz kapitola

2.3).

2.2. Lipidy v akvakulture

Akvakultura je od roku 1950 nejrychleji rostouci odvétvi produkce Zivocisnych potravin s rocnim
narlstem okolo 8 %. V soucasnosti pokryva 50 % potfeby ryb pro lidskou konzumaci (FAO, 2016).
Diky tomuto prudkému rastu zacal byt celosvétové nedostatek tradi¢nich krmnych komponent pro
vyrobu rybich krmiv — rybi moucky a oleje. Ty jsou vyrabény predevsim z morskych pelagickych
druhl ryb nevhodnych pro lidskou spotrebu. Jejich zdroje jsou ale limitované a poptavka po nich
jiz pfedbéhla jejich nabidku. Diky tomu cena rybi moucky a oleje vyrazné vzrostla a v soucasnosti
se tak jednd o strategické komodity (Tacon a Metian, 2008). Jsou cenéné predevsim pro vysokou
stravitelnost a vyvazenost Zivin a aminokyselin (rybi moucka) a vysoky obsah n-3 HUFA (rybi olej).
Kvali jejich nedostatku a vysoké cené jsou producenti krmiv nuceni tyto ingredience nahrazovat
jinymi, déle udrzitelnymi alternativami (Tacon a Metian, 2008). Rybi moucka se nahrazuje
predevsim rostlinnymi mouckami a proteinovymi koncentraty a rybi olej se nahrazuje pfedevsim
rostlinnymi oleji. To ma za nésledek postupné snizovani obsahu n-3 HUFA v mase chovanych ryb
(Pickova a Morkore, 2007; Sprague et al., 2016). Od roku 2006 do roku 2015 napftiklad poklesl
obsah n-3 HUFA v mase lososa obecného (Salmo salar) ve Skotsku na poloviéni hodnotu a
predpoklada se jejich dalsi pokles (Sprague et al., 2016). To je pro producenty ryb negativni jev,
protoZe tim mohou do budoucna ztratit svou velkou vyhodou na trhu. Nahrazovani rybi moucky a
oleje rostlinnymi alternativami muaze také mit u nékterych druhl ryb za ndsledek snizeni
vyuzitelnosti krmiva, ¢i negativni vliv na welfare ryb a Zivotni prostfedi (Montero a Izquierdo 2010).
VyresSeni téchto problém( je tedy jednoznacné povazovano za klicovy bod dalSiho dlouhodobé
udrzitelného rozvoje akvakultury.

Efektivni vyuzivani & nahrazovani rybi moucky a oleje jinymi alternativami je intenzivné
zkoumané téma. Jsou rozvijeny rizné krmné strategie (jako je napf. technologie finishing feeding
nebo pouzivani smési olejli), které maji za cil efektivnéji vyuzit rybiho oleje tak, aby byly
energetické potreby ryb pokryty jinymi levnéjsimi alternativami a n-3 HUFA z rybiho oleje byly v co
nejvétsi mire uloZzeny v rybim mase (Bell et al., 2004; Jobling, 2004; Lane et al., 2006; Turchini et
al., 2006). Jsou zkoumany rlizné alternativni krmné komponenty obsahujici n-3 HUFA jako je napf.
krill, plankton, bakteriadlni a fasova biomasa ¢i odpady ze zpracovani ryb (Turchini et al., 2010).

Intenzivné jsou zkoumdany oleje z GMO rostlin (napf. olej z Inicky seté (Camelina sativa)), které jsou



geneticky upravené tak, aby obsahovaly velké mnoZstvi n-3 HUFA (Betancor et al., 2016; Betancor
et al., 2015; Tejera et al., 2016). Velkd ocekavani jsou dale vklddana do pochopeni metabolismu
biosyntézy n-3 HUFA v rybim téle. Pfredpoklada se, Ze jeho hlubsim pochopenim ziskdme moznosti
pro ovlivnéni rybiho metabolismu ve prospéch vétsi biosyntézy n-3 HUFA z jejich rostlinnych
prekurzord (Slechténim, optimalizaci krmiva, sloZzenim tuku, pouZitim bioaktivnich latek Cci
genetickym inZenyrstvim) (Tocher, 2003; Zheng et al., 2005). Zajimavou oblasti vyzkumu je studium
vlivu rGiznych bioaktivnich latek, které ovliviiuji biosyntézu n-3 HUFA. Bylo zjiSténo, Ze existuje rfada
latek rostlinného plivodu, které snizuji i zvySuji efektivitu této syntézy. Naptiklad pfidanim lignant
ze sezamového oleje (sesamin a sesamin/episesamin) do krmiva pro pstruha duhového
(Oncorhynchus mykkis) doslo k vyraznému zvyseni obsahu kyseliny dokosahexaenové (DHA) proti
kontrolni skupiné (Trattner et al., 2008a). Pomoci radio zna¢enych mastnych kyselin bylo v In vitro
studii v lososich hepatocytech prokazano, ze k tomuto zvyseni doslo vétsi konverzi z kyseliny alfa
linolenové (ALA) (Trattner et al., 2008b). Dalsi z téchto bioaktivnich latek je napf. kyselina lipoova
(Trattner et al., 2007) ¢i genistein (Schiller Vestergren et al., 2011). Vliv téchto latek je druhové
specificky a vtuto chvili neni jasné, za jakych podminek a jakym zplsobem pfesné na rybi
organismus pusobi. Jedna se viak o slibnou oblast, ktera otevira dvere pro dalsi rozvoj.

Dalsi opomijenou alternativou je lepsi vyuziti pfirozené potravy v rybnicich a schopnosti
sladkovodnich ryb efektivnéji syntetizovat n-3 HUFA z jejich rostlinnych prekurzor(. Pfirozena
potrava ryb v rybnicich (plankton a bentos) je totiz bohatd na n-3 HUFA (Bell et al., 1994; Domaizon
et al., 2000) a vhodnym rybni¢nim managementem je moZné tyto zdroje efektivné
pretransformovat do rybiho téla (Mraz et al., 2012a). Jak jiZz bylo uvedeno, sladkovodni ryby jsou
schopné syntetizovat n-3 HUFA zjejich rostlinnych prekurzorl (Tocher, 2003). Nicméné pfi
tradi¢nim chovu kapra obecného (Cyprinus carpio), zalozeném na prikrmovani obilovinami, neni
tato schopnost efektivné vyuzita (Mraz et al., 2012a). Nabizi se tedy moznost pouziti doplfikového
krmiva, které by obsahovalo ALA. Z dostupnych a levnych krmnych zdroja se pro tyto ucely nabizi
extrudované Inéné seminko a frepkové vylisky. Je predpoklad, Ze diky velkému mnoZstvi
sladkovodnich ryb, které se celosvétové v rybniéni akvakulture produkuji, zaénou byt v budoucnu

tyto alternativy dlleZitou soucasti reseni problému nedostatku rybiho oleje.



2.3. Obsah tuku a kompozice mastnych kyselin v mase kapra

Obsah tuku v mase kapra je silné variabilni a m{Ze se pohybovat od 1 % az po vice neZ 25 %
(Masilko et al., 2016; Mraz et al., 2012a; Oberle et al., 1997; Urbanek et al., 2010). Jeho obsah
v mase je ovlivnén predevsim vyzivou (Oberle et al., 1997). Dva hlavni faktory, které ovliviiuji obsah
tuku v mase kapra, jsou pomér stravitelného proteinu k stravitelné energii a kompozice
esencialnich aminokyselin v dieté (Becker et al., 1983; Bureau et al., 2002; Eckhardt et al., 1982).
Pokud je stravitelné energie k stravitelnému proteinu v dieté malo, dochazi ktomu, Ze jsou
proteiny metabolizovany na energii. Tim dochazi k nizkému wvyuziti krmiva, zvySeni krmnych
nakladd a vylu¢ovani amoniaku (Bureau et al., 2002). V rybnikarské praxi k tomuto scénari dochazi
v pfipadé, Ze je obsadka kapra chovana pouze na pfirozené potraveé, popr. pokud je nedostatecné
pfikrmovdana obilovinami. Pokud je naopak stravitelné energie k stravitelnému proteinu nadbytek,
dochazi ke zvySené tvorbé a ukladani tuku v mase kapra (Urbanek et al., 2010). V rybnikaFské praxi
k tomuto scéndfi dochazi, pokud je pfirozené potravy nedostatek (napf. rybnik je presazen a rybi
obsadka svym vyZiracim tlakem utlumi rozvoj hrubého zooplanktonu nebo pfi pfemnozeni
plevelnych ryb, které konkuruji kapru apod.) a ryby jsou intenzivné pfikrmovany obilovinami.

Druhym faktorem, ktery vyznamné ovliviiuje metabolizovatelnost krmiva a v dusledku pak
obsah tuku v mase kapra je kompozice esencialnich aminokyselin (Bureau et al., 2002). Kapr stejné
jako ostatni ryby a hospodarska zvifata neni schopen syntetizovat esencidlni aminokyseliny a musi
je tedy pro svlij zdravy vyvoj a rast ziskavat v dostatecném mnoistvi ze své potravy. Pokud
kompozice aminokyselin v potravé kapra neodpovida jeho nutri¢cnim pozadavkim, tak se syntéza
proteinu v téle zastavi v okamziku, kdy dojde k vyCerpdni prvni limitujici aminokyseliny a vSechny
ostatni dostupné aminokyseliny jsou nasledné metabolizovany na energii. V disledku toho dojde
k nizkému vyuziti krmiva, ke zvySené tvorbé amoniaku a ke zvySeni dostupné energie, kterd
v pripadé nadbytku vede ke zvySené tvorbé a ukladani tuku v mase kapra (Bureau et al., 2002).

Dalsimi faktory, které ovliviiuji metabolizovatelnost krmiva a ukladani tuku jsou stres, podminky
prostredi, obsah a kvalita tuku v krmivu. Naptiklad dostatecné mnozstvi esencialnich mastnych
kyselin v dieté inhibuje de novo syntézu lipid( (Farkas et al., 1977, 1978).

To, jaky by mél byt optimalni obsah tuku v mase kapra, je subjektivni viem a lisi se jak mezi
populacemi, tak uvnitf nich. NapF. v Bavorsku je preferovan kapr s nizkym obsahem tuku okolo 5 %
(Oberle, ustni sdéleni), zatimco v CR je jako optimalni vniman obsah tuku kolem 8-10 % a ryby

s obsahem tuku pod 5 % jsou vnimany jako suché a malo stavnaté (Mraz, nepublikovano). Studie
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Aas a Oberle (2009) ukazala, Ze to, jaky je optimalni obsah tuku v mase kapra, se lisi také tim, zda
jej hodnoti lidé, ktefi ji ryby ¢asto, zda se jedna o producenty ryb, restauratéry ¢i béZznou populaci.
V souhrnu lze uvést, Zze optimum lezi mezi 5 a 10 % a za senzoricky akceptovatelnou hodnotu Ize
povazovat maximalné obsah tuku do 15 %. V Bavorsku v oblasti Aishgrundska si jako normu pro
kapra s chranénym zemépisnym oznacenim Aishgrundsky kapr stanovili, Ze musi mit obsah tuku
do 10 % (Eatglobe, 2017). Distribuce tuku v mase kapra neni rovnhomérnda a tak muize zpUsob
zpracovani Ci odbéru vzorku vyznamné ovlivnit vysledné mnozstvi tuku. Touto problematikou se
blize zabyva nase studie Mraz a Pickova (2009).

Zatimco je kompozice aminokyselin v mase kapra geneticky kdédovana, a tak se za béZnych
podminek nedd ovlivnit, tak kompozice mastnych kyselin v mase ryb je silné variabilni a v podstaté
na ni lze pouzit zname réeni , jste to, co jite”. Kompozice mastnych kyselin v mase do velké miry
odrazi kompozici mastnych kyselin v dieté (Steffens, 1996, 1997). U kapra navic vyznamnou mérou
dale pfispivd de novo syntéza mastnych kyselin z pfebytecné metabolizovatelné energie (viz
predchozi text). Stejné jako ostatni obratlovci, je karp schopen z prebyteéné metabolizovatelné
energie syntetizovat nasycené mastné kyseliny (SFA; predevsim kyselinu palmitovou 16:0
a stearovou 18:0) a mononenasycené mastné kyseliny (MUFA; predevsim kyselinu olejovou 18:1n-
9). Postrada ale enzymy (stejné jako ostatni obratlovci), které preménuji kyselinu olejovou na
kyselinu linolovou (LA, 18:2n-6) a ALA (18:3n-3) a ty jsou pro néj esencialni (Takeuchi a Watanabe,
1977). Jejich zdrojem jsou predevsim rostlinné oleje a v ptipadé kapra chovaného v rybnicich pak
pfirozena potrava (plankton a bentos). Pokud je strava kapra deficitni na LA a ALA, dochdzi k tomu,
Ze kapr ve snaze zachovat dostatecnou fluiditu bunéénych membran syntetizuje z kyseliny olejové
PUFA fady n-9, predevsim Meadovu kyselinu (20:3n-9) (Watanabe et al., 1975). Z kyselin LA a ALA
je kapr pomoci enzym( desaturdaz a elongaz schopen vytvaret dalsi kyseliny fady n-3 a n-6 s delSim
uhlikatym fetézcem a svice dvojnymi vazbami. V fadé n-6 je metabolicky a nutricné velmi
vyznamna kyselina arachidonovd (AA, 20:4n-6) a viadé n-3 jsou to predevSim kyselina
eikosapentaenova (EPA, 20:5n-3), dokosapentaenova (DPA, 22:5n-3) a DHA (22:6n-3).

V rybnikafské praxi, v pfipadé velkého mnoistvi metabolizovatelné energie (malo pfirozené
potravy, intenzivni pfikrmovani obilovinami), dochazi k tomu, Ze z ni kapr syntetizuje a v tukovych
zdsobach kumuluje velké mnoZstvi MUFA (predevsim kyseliny olejové), které mize dosahovat 50-
60 % vsech mastnych kyselin v mase (Csengeri, 1996). Pokud je ve stravé kapra velké mnoZstvi
pfirozené potravy, nebo dostdva doplrikové krmivo obsahujici LA a ALA (napf. fepkové semeno,

nékteré doplikové krmné smési) je kompozice mastnych kyselin v jeho mase bohata na PUFA a
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diky biosyntéze LA a ALA dochazi téz ke zvySeni HUFA (Csengeri, 1996; Mraz et al., 2012a; Steffens,
1997).

2.4. Konzumace ryb a lidské zdravi

Konzumace ryb je celosvétové povazovand za soucast zdravého Zivotniho stylu. Ryby jsou
dobrym zdrojem lehce stravitelnych proteind, n-3 mastnych kyselin (zvlasté pak EPA a DHA),
vitaminU (predevsim D) a minerdld (fosfor a vapnik) (Mozaffarian a Rimm, 2006). EPA a DHA jsou
dllezité pro prevenci a lIéCbu kardiovaskularnich onemocnéni, rozvoj mozku, nervové soustavy, oci
a kognitivnich vlastnosti (Helland et al., 2003; Horrocks a Yeo, 1999; Innis, 2007; Lauritzen et al.,
2001; Mozaffarian a Wu, 2011; Simopoulos, 2008). Odbornici i mezindrodni zdravotnické
organizace se shoduji na tom, Ze bychom méli konzumovat ryby alespori dvakrat tydné a Ze prijem
EPA+DHA pro béZnou populaci by mél byt alespori 250 mg/osobu/den a ptijem n-3 PUFA alespon
2 g/osobu/den. Pro téhotné a kojici matky je doporuceno zvysit pfijem DHA jesté o dalsich alespon
100 mg/den (EFSA, 2010). Pro osoby s kardiovaskularnim onemocnénim jsou doporucovany davky
EPA+DHA v radech grami/osobu/den (Mozaffarian a Rimm, 2006). Pfehled nutri¢nich doporudeni
pro prijem EPA+DHA a n-3 PUFA od rlznych zdravotnickych organizaci a pravdépodobné
mechanismy pozitivniho vlivu konzumace ryb na lidské zdravi jsou dobre shrnuty v praci autor(
Mozzafarian a Wu (2011).

V posledni dobé se zacinaji objevovat také studie, které ukazuji, Ze i rybi protein ma podobny
vliv na lidské zdravi jako rybi tuk. Bylo zjisténo, Ze rybi proteiny maiji pozitivni vliv v prevenci a |é¢bé
preventivné proti obesité ¢i snizuji hodnoty C reaktivniho proteinu (Lavigne et al., 2001; Qullet, et
al., 2008; Pilon et al., 2011). Mechanismy zpUsobujici tyto efekty nejsou zatim plné objasnéné.
Kazdopadné je pravdépodobné, Ze pozitivni vliv konzumace ryb na lidské zdravi je kromé vysokého
obsahu n-3 HUFA, ovlivnén celou radou dalsSich latek a efekta.

Celosvétova spotieba ryb od roku 1950 neustdle stoup4d, a zatimco dodavka ryb na osobu a rok
Cinila vroce 1950 cca 6 kg, tak vroce 2016 jiz dosahla cca 20 kg ekvivalentu Zivé hmotnosti
ryb/osobu/rok (FAO, 2016). Oproti tomu, spotieba ryb v CR dlouhodobé stagnuje a je velmi nizka
(pouze cca 5,5 kg/osobu/rok (Zeni$kova a Gall, 2009)). Ostatni zdroje n-3 HUFA také nejsou ve
stravé Eeské populace b&7né, a tak je celkovy pfijem n-3 HUFA v CR nedostate¢ny (Hibbeln et al.,

2006). Spolec¢nost pro vyzivu doporucuje, Zze bychom méli tydné konzumovat 400 g rybiho masa
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(Dostdlova et al., 2012). To je v prepoctu 20,8 kg rybiho masa na osobu a rok. Soucasnd spotieba
rybiho masa v CR je tak ve srovnani s doporué¢enymi hodnotami alarmuijici a je potieba ji zvysit na
cca Ctyrnasobek.

Pro prevenci rozvoje kardiovaskuldrnich onemocnéni a zdravy vyvoj déti vCR je kromé
zminéného doporuceni zvySeni spotieby ryb a rybich vyrobk( dale potieba udrzet (u ryb, které
jsou krmeny krmivy s rybim olejem, napf. lososovité) ¢i zvysit obsah n-3 PUFA a n-3 HUFA (u ryb,

které nejsou bézné krmeny krmivy s rybim olejem, napf. kaprovité) v mase ryb a rybich vyrobcich.

2.5. Cile prace

Cilem této prace je prozkoumat faktory ovliviiujici obsah a kompozici tuku v mase kapra
obecného (Cyprinus carpio) a vyvinout dlouhodobé udrzitelnou technologii produkce kapra se
zvySenym obsahem n-3 mastnych kyselin. Sekundarnim cilem je zjistit, jakym zptisobem pUsobi
maso kapra v sekundarni prevenci kardiovaskularnich onemocnéni a to, zda je tento dopad

ovlivnén zplsobem chovu kapra, potazmo kompozici mastnych kyselin ve svaloviné.

Vysledky této prace jsou sumarizovdny v nasledujicich kapitoldch a detailné popsany

v publikovanych ¢lancich, které jsou prilohou této habilitacni prace.
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3. Vysledky a diskuse

3.1. Faktory ovliviujici obsah tuku a kompozici mastnych kyselin v mase
kapra
(Mraz a Pickova, 2011; priloha 1)

Jakjiz bylo uvedeno, je obsah tuku a kompozice mastnych kyselin v mase kapra vysoce variabilni
znak. Studie Mraz a Pickova (2011; Pfiloha 1) sumarizuje poznatky z dostupné literatury i naseho
dosavadniho vyzkumu o faktorech, které tyto kvalitativni parametry u kapra ovliviuji. V soucasné
dobé je zndmo, Ze obsah tuku a jeho sloZeni v mase kapra ovliviiuje nékolik environmentalnich
(vyziva, hladovéni, sadkovani, teplota vody), internich (genetické pozadi, velikost a vék ryby,
pohlavi a pohlavni dozrdvani) a dalSich faktortd (typ tkané, zpracovani a kuchyriska uprava).

Obecné ma kapr z nutri¢niho hlediska velmi pfiznivou kompozici mastnych kyselin a mél by byt
povazovan za zdravy produkt. Nicméné jeho kvalitu Ize diky vySe zminénym faktorim vyrazné
vyrazné zlepsit, pak patfi pfedevsim velké mnozstvi pfirozené potravy, vhodné dopliikové krmivo
s vysokym obsahem ALA, vhodné zpracovani a kuchyriska Uprava. Dalsi vylepseni by pak mohlo
pfijit s lepSim pochopenim biosyntézy HUFA, vlivu genetického pozadi a selekci linii s vétsi
schopnosti biosyntézy HUFA, stejné jako dalSi rozvoj v oblasti studia bioaktivnich Ilatek,

ovliviiujicich metabolismus lipid.

3.2. Bioaktivni latky
(Zajic et al., 2016; pfiloha 2)

Sesamin je bioaktivni lignan ze sezamového oleje (Moazzami a Kamal-Eldin, 2006). Ve studiich
s pstruhem duhovym a hypatocyty lososa obecného bylo zjisténo, Ze sesamin pozitivné ovliviiuje
biosyntézu DHA z ALA (Trattner et al., 2008a; Trattner et al., 2008b). V nasi studii Mraz et al. (2010)
jsme testovali pouziti sesaminu v krmivu pro kapra obecného v trini hmotnosti. BohuzZel sesamin
v této studii nemél na kompozici mastnych kyselin v mase kapra pozitivni vliv. Ve studii Zajic et al.
(2016; Priloha 2) jsme chtéli zjistit, zda se pozitivni vliv sesaminu na kvalitu masa kapra projevi,
pokud bude pouzit v chovu juvenilnich ryb, kde je predpoklad vétsiho obratu mastnych kyselin, pfi
nizké bazalni koncentraci EPA a DHA v krmivu a rlizném poméru n-3 a n-6 kyselin. Ani tento

experiment nepotvrdil, Ze by sesamin mél u kapra pozitivni vliv na syntézu DHA.
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Nicméné rozdilny obsah LA a ALA v krmivu mél za nasledek zvyseni korespondujicich HUFA
v mase kapra. Tyto vysledky potvrzuji pfedchozi studie (Tocher et al., 1989; Tocher a Dick, 1999),
ze sladkovodni ryby, vcéetné kapra, jsou schopny vytvafen n-3 HUFA zjejich prekurzord,
a predpoklad, Ze mira konverze je zavisla na pfitomnosti a mnozZstvi téchto prekurzor. Enzymy,
které plsobi v draze syntézy HUFA, jsou totiZ pro obé série esencialnich mastnych kyselin stejné
a substraty obou sérii si tak vzajemné konkuruji. Vysledky ukazuji, Ze prebytek LA vede ke zvySené
produkci n-6 HUFA a prebytek ALA naopak vede ke zvySené produkci n-3 HUFA. Toto zjisténi je
dllezité v pripadé, ze chceme maximalné vyuzit kapacitu kapra syntetizovat n-3 HUFA z jejich
rostlinnych prekurzord. Vysledky naznacuji, Ze je vhodné pouZit dietu, kde bude prevaha n-3
prekurzord a pouze takovd ddvka n-6 mastnych kyselin, ktera pokryje nutri¢ni potrebu téchto

esencidlnich mastnych kyselin.

3.3. Krmné strategie
(Mraz et al., 2012b; priloha 3)

VyZiva a krmné strategie maji velky vliv na vyslednou kvalitu rybiho masa. Krmna strategie
Sfinishing feeding” (zdvére¢né krmeni) spociva v pouziti levnéjSich krmiv s rostlinnymi oleji
v pribéhu vétsiny doby chovu ryb, se zavérecnou fazi odchovu, kde je pouZito vysoce kvalitni
krmivo s rybim olejem, s cilem dosahnout poZzadované kvality masa ryb. Tato krmna strategie je
predevsim studovana v chovu lososovitych ryb. Pomoci fediciho modelu zde lze s vysokou
presnosti predpovédét vyslednou kompozici mastnych kyselin v mase ryb v zavislosti na délce
zavérecné faze (Bell et al., 2004; Jobling, 2004; Zajic et al., 2016b).

Ve studii Mraz et al. (2012b; Pfiloha 3) jsme krmnou strategii ,finishing feeding” testovali na
kapru obecném. Experiment ukazal, Ze v chovu kapra Ize tuto krmnou strategii Uspésné pouzit
a dosdhnout tak pozadované vysledné kompozice mastnych kyselin v mase kapra. Redici model
poskytoval velice pfesnou predpovéd vysledné kompozice mastnych kyselin (R? = 0,992-0,996).
Pokud by byl napf. pozadavek, aby dvé porce kaptiho filetu (2 x 200 g) tydné pokryly ze 100 %
doporucenou denni davku EPA+DHA (250 mg x 7 dni = 1750 mg/2 porce = 875 mg/porci), bylo by
potfeba pfi krmné strategii ,finishing feeding” aplikovat 70 denni zdvérecnou fazi vykrmu
s testovanym krmivem s rybim olejem. Takovato strategie by mohla byt napt. aplikovana v pripadé
produkce kapra s definovanou kvalitou masa pro specifické nutri¢ni potfeby skupin obyvatelstva

(napft. pro prevenci Ci [é€bu nékterych kardiovaskularnich chorob). Tato krmna strategie by jednak
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vedla k pfesné predpovédi kvality masa a jednak k uspore financnich prostfedkl a potteby rybiho

oleje. Producenti kapra by diky ni mohli snadnéji standardizovat a deklarovat kvalitu ryb.

3.4. Sadkovdni
(Zajic et al., 2013; pfiloha 4)

Sadkovani je béZznou soucasti technologie chovu kapra pred jeho doddnim na trh. Vétsinou se
provadi v podzimnim obdobi mezi vlastnim vylovem ryb z rybnik( a jejich dodanim na vanocni trh.
Ryby jsou po dobu nékolika tydna drzeny v sadkach s pritocnou cistou vodou bez prikrmovani, za
ucelem jejich uchovani do doby prodeje, vyprazdnéni traviciho traktu a eliminaci pfipadnych
pachuti. Tento proces vede jednak k celkovému vylehéeni obsadky ryb a také k mobilizaci
energetickych rezerv (Einen et al., 1998; Palmeri et al., 2008). Lze tedy predpokladat, Ze se obsah
tuku a kompozice mastnych kyselin v mase kapra v pribéhu sadkovani bude ménit.

Studie Zajic et al. (2013; Priloha 4) zkoumala vliv podzimniho sadkovani (70 dni) a prfedchozi
vyzivy (pfikrmovani obilovinami, pfikrmovani doplrikovou smési KP Len, pouze pfirozena potrava)
na zmény obsahu tuku a kompozice mastnych kyselin v mase trzniho kapra (hmotnost 1,7-2,6 kg).
Vedle ocekdvané ztraty hmotnosti doslo u pfikrmovanych skupin k vyraznému poklesu obsahu
tuku (z plivodnich cca 7,5 — 8,5 % na cca 3,5 %), zatimco skupina neprikrmovana méla obsah tuku
v pribéhu experimentu relativné stabilni. V pfikrmovanych skupinach také dochazelo k vyraznym
zménam kompozice mastnych kyselin. Obé skupiny preferenéné metabolizovaly MUFA a tak
relativni podil PUFA, n-3 PUFA, EPA+DHA v pribéhu experimentu stoupal. Nicméné po Case, pfi
nizS§im obsahu tuku, zacaly metabolizovat i PUFA. Na konci experimentu uz mély vSechny 3 skupiny
velice podobné hodnoty obsahu tuku, SFA, MUFA i PUFA. Tyto vysledky naznacuji, Ze kapr je
schopen selektivné metabolizovat urcité mastné kyseliny pro své energetické potreby v pripadeé,
kdy je v dobrych podminkach a ma dostatecné rezervy tuku. Kdyz ma tukovych zdsob nedostatek,
zatne metabolizovat i ostatni typy mastnych kyselin tak, aby si udrzel specifickou kompozici, ktera
mu zajisti idedlni sloZzeni membran a dalSich metabolickych funkci.

Z praktického hlediska je mozné doporucit, aby bylo delSi sadkovani aplikovano v pfipadech,
kdy md obsadka kapra pfilis vysoky obsah tuku, ktery je jiz senzoricky nepfijemny (15 % a vice)
a doslo tak k jeho redukci a zaroven optimalizaci jeho kompozice. U kapra s optimalnim mnozZstvim
tuku (5-10 %), popf. u kapra se zvySenym obsahem n-3 PUFA je moZné doporucit spise kratsi dobu
sadkovani tak, aby doslo k vyprazdnéni traviciho traktu a zbaveni se pfipadnych nezddoucich

pachuti, ale zaroven, aby nedoslo k redukci Zadoucich mastnych kyselin n-3 PUFA a EPA+DHA.
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Pokud je potfeba u téchto ryb aplikovat delSi obdobi sadkovani, je vhodné, aby bylo provadéno
pokud mozno pfi nizkych teplotach, kdy je pfedpoklad nizsi miry metabolismu, a tak i nezadouci

ztraty nutri¢né vyznamnych mastnych kyselin.

3.5. In situ méreni obsahu tuku
(Masilko et al., 2016; ptiloha 5)

Obsah tuku zasadné ovliviiuje kvalitu masa kapra a zaroven se jedna o velice variabilni parametr
(Mraz a Pickova, 2011; Oberle et al., 1997). Existuji rizné metody, jak obsah tuku v mase ryb méfit.
Asi nejrozsirenéjsSi metodou je méreni obsahu tuku laboratorni analyzou pomoci extrakce tuku
organickymi rozpoustédly (Bligh a Dyer, 1959; Hara a Radin, 1978). Jedna se sice o presnou
metodu, ale jeji nevyhodou je vysokd cena, ¢asova narocnost, potiebné laboratorni vybaveni
a nutnost destrukce vzorku. Pro béznou rybnikarskou praxi popf. Slechténi ryb je potieba pouziti
metod, které budou rychlé, levné, jednoduché a pokud mozno nedestruktivni.

Studie Masilko et al. (2016; Pfiloha 5) porovnavala pouZiti dvou rychlych In situ metod stanoveni
obsahu tuku v mase kapra s laboratorni analyzou metodou Hara a Radin (1978). Prvni metoda
vyuzivala pfistroj Distell Fish Fatmeter. Jedna se o neinvazivni a nedestruktivni metodu, kterd muze
byt pouzitd na zivych rybach. Jeji princip je zaloZzen na méfeni obsahu vody na osmi bodech na téle
kapra a jejim matematickém prepocteni na obsah tuku (S pfedpokladem, Ze mezi obsahem vody
a tuku v mase ryb je tésna negativni korelace.) (Urbanek et al., 2010). Druhd metoda vyuZzivala
méreni vysky hibetniho tuku digitalni Suplerou na skeletu po filetovani (S predpokladem, Zze mezi
vySkou hibetniho tuku a obsahem tuku ve filetu je tésna pozitivni korelace.).

Obé testované In situ metody meély statisticky signifikantni pozitivni korelaci v porovnani
s chemickou analyzou. Korelaéni koeficient mezi chemickou analyzou a hodnotami predikovanymi
metodou méfeni hibetniho tuku byl 0,76 (R? = 0,58) a hodnotami predikovanymi metodou
fatmetru byl 0,88 (R? = 0,78). Pro zpfesnéni predikce obsahu tuku ve filetu pomoci téchto dvou
In situ metod byly testovany multiregresni modely, které kromé namérenych hodnot zahrnovaly
nékteré morfometrické charakteristiky a idaje o zplsobu prikrmovani ryb. Nejpresnéjsi model pak
dosahoval pfi pouziti fatmetru R?%.q; = 0,88 (pfi zahrnuti parametra: $ifka téla, hmotnost vnitfnosti,
hmotnost téla, hmotnost hepatopankreatu a hmotnost gondd) a pfi pouziti méreni vysky
hibetniho tuku dosahoval R%.q; = 0,91 (pfi zahrnuti parametr(: hmotnost hepatopankreatu, 3irka

téla, vyska téla, hmotnost gonad a pouzité doplrikové krmivo).
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Obé metody byly vyhodnoceny jako pouzitelné pro rybnikafskou praxi. Jejich pfesnost je sice
o néco nizsi, nez chemickd metoda, ale to je vyvdieno jejich rychlosti, nizkymi ndklady,
jednoduchosti a tim, Ze se jedna o nedestruktivni metody. Velkou vyhodou fatmetru je moznost
pouziti na Zivych rybach, coZ umoznuje poufZiti pfi Slechténi ¢i dalSich typech studii, kde je nutné,
aby ryba byla Ziva. Vyhodou méreni hibetniho tuku jsou pfedevsim nizké pofizovaci naklady.

V Aishgrundsku je hodnoceni obsahu tuku pomoci fatmetru zohlednéno pfi jednani o cené
kapra a pokud chce producent vyuzivat ochrannou zndmku Aishgrundsky kapr, tak nesmi obsah
tuku v mase kapra prekrocit 10 %. Pfi rutinni kontrole by byla chemicka analyza pfilis draha
a pomal3, a tak je zde poufZiti fatmetru velmi rozsifené (Oberle, Ustni sdéleni).

Legislativa (Nafizeni evropského parlamentu a rady ¢. 1169/2011) nové (od 13.12.2016)
vyZzaduje povinné uvadéni vyzivovych Udajld na potravinarskych vyrobcich. Jedna se o analyzu tzv.
,BIG 7, kterd zahrnuje obsah proteing, lipid(i, SFA, sacharidd, cukr(, vody a energetickou hodnotu
ve vyrobku. V rdmci splnéni téchto legislativnich poZadavku je u rybich vyrobk( pravé obsah lipidd

vvvvvv

producentdm rybich vyrobk( pomoci pfi rutinni kontrole kvality rybi suroviny.

3.6. Zpracovadni a kuchynska uprava
(Sampels et al., 2014; priloha 6)

Jak bylo naznaceno v kapitole 3.1., md zpracovani a kuchynskda uprava velky vliv na vyslednou
kvalitu rybiho masa. Jako extrémni pripad lze napfriklad uvést vyrobek ,rybi prsty obalované”
z Estonska, které u nas distribuuje firma Bidvest. Tento vyrobek obsahuje pouze 22 % drceného
rybiho masa z tresky a zbytek tvofi pSeni¢na mouka, olej, hrachova vldknina a bilkovina, kalamary,
sul, dextréza, mletd kurkuma, glutaman sodny E 621 a kypfici latka E 503 (Novinky.cz, 2015).
Zatimco maso tresky obsahuje velmi malé mnozstvi tuku (cca 0,5-1 %) ma tento vyrobek kolem 8
% tuku. Logicky je tak tuk obsazeny v tomto vyrobku tvoren vice jak z 97 % tukem, ktery byl pouzit
na jeho predsmazeni. Casto je pouZivdn na predsmazeni téchto vyrobk( tuk palmovy nebo
slunec¢nicovy. Napriklad studie autor( Sampels et al. (2009) ukazala, Ze pomér n-6/n-3 mastnych
kyselin je v pfedsmazenych rybich vyrobcich az 400 nasobné jiny, nez v rybim mase, ze kterého je
vyroben. DuleZité je také si uvédomit, Ze tyto predsmazené rybi vyrobky jsou casto dale
upravovany smazenim, a tak jejich vysledny obsah tuku kuchyrnskou udpravou jesté stoupne a
kompozice mastnych kyselin se dale zméni v zavislosti na pouzitém tuku. Vysledny produkt ma pak

uzZ jen velmi malo spoleé¢ného s rybou a rybim tukem a je otazka, zda by mélo byt mozné takovéto
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produkty doddvat na trh pod ndzvem ,rybi“. Paradoxni je, Ze ¢astym argumentem pro nakup
téchto vyrobkdl je jejich cena. Ve zminéném pripadé je béZna cena tohoto vyrobku na trhu 25 K¢
za 250 g vyrobku. Pfi obsahu deklarovaného obsahu rybiho masa 22 % se v prepoctu jednd o cenu
454 K¢ za kilogram ,,drceného” rybiho masa. To uZ je cena srovnatelna s vysoce kvalitnim filetem
z lososa, a je tak s podivem, za jakou cenu jsou zdkaznici ochotni kupovat takto nekvalitni vyrobek.

Nejbéinéj$i Upravou kapra v Ceské republice je vzhledem k vanoéni tradici pravdépodobné
smazeni, a to bud' v trojobalu ¢i bez néj. Pro zjiSténi toho, jak tento typ kuchyriské Upravy ovlivni
maso kapra, jsme provedli studii Sampels et al. (2014; P¥iloha 6). Porce kapfiho filetu (cca 100 g)
jsme pfipravili v trojobalu a bez néj, smaZenim na panvi v malém mnozstvi tuku. Ke smazZeni byly
vybrany 4 béiné pouzivané druhy tuku v céeskych domacnostech: sadlo, maslo, fepkovy
a slunecnicovy olej.

Jak bylo predpokladano, smazeni zvysilo obsah tuku ve findlnim vyrobku z plivodnich cca 4-5 %
na dvojndsobek (v pfipadé filetu bez trojobalu cca 10-11 %), az na trojnasobek, v pfipadé filetu
v trojobalu (cca 13-14 %). Stejné tak kompozice mastnych kyselin ve findlnim vyrobku silné
reflektovala pouzity druh smaziciho tuku a jeho ndrlst. Filety smaZené v trojobalu se tak kvli
vétSimu narlstu obsahu tuku podobaly vice pouZitému smazicimu tuku, v porovnani s filety bez
trojobalu. Smazeni v sadle vyrazné zvysilo obsah kyseliny palmitové a stearové, v masle obsah
kyseliny myristové a palmitové, ve slunecnicovém oleji vyrazné zvysilo obsah kyseliny olejové a LA.
Z nutri¢niho hlediska pak mély nejlepsi vyslednou kompozici filety smazené v fepkovém oleji.
Zmény finalni kompozice mastnych kyselin byly vysoce blizké hodnotdm predikovanym redicim
modelem (p < 0,001; R? = 0,999), co? indikuje, Ze v nasem pFipadé nedochdzelo k selektivhim
ztratdam ci absorpci nékterych mastnych kyselin ze smaziciho oleje do finalniho produktu a zpét.
Z toho vyplyva, Ze v pripadé kapfrich filet je moziné s vysokou pravdépodobnosti matematicky
predpovédét findlni kompozici smaZzenych vyrobk(. Tyto vysledky jsou vyznamné pro nutriéni
terapeuty pri vypoctu nutriéni hodnoty pokrma. Naptiklad studie Sampels et al. (2009) poukazala
na to, Ze databdze potravin, ¢asto obsahuji vyznamné odlisné hodnoty tuku a kompozice mastnych
kyselin u rybich vyrobkd, neZ je tomu ve skutecnosti. Tyto databdze totiz casto neobsahuji
informace o zpUsobu chovu ryb, ani o zplsobu jejich zpracovani. Vzhledem k zminéné variabilité
obsahu i kompozici tuku v rybich vyrobcich pak pravdépodobné m(ize dochdazet k vyznamnému
zkresleni vyzivovych studii, které casto sloZeni potravin neanalyzuji, ale pouze vychazi z databazi

sloZeni potravin (napf. Garemo et al., 2007; Matthys et al., 2006; Sioen et al., 2007).
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Pro domdcnosti a vefejné stravovani pak Ize na zdkladé nasich vysledkl doporudit predevsim
metody Setrné kuchynské Upravy kapra, kde nedochazi k pridani dalsiho tuku tak, aby byla co
nejvice zachovdna nutri¢ni hodnota rybiho masa. Z béznych kuchynskych Uprav pak Ize doporucit
predevsim toto poradi: syrové > marinované > vafené v pafe > vafené > pecené > smazené
v malém mnozstvi tuku > fritované. V pripadé pouziti smaziciho tuku pak Ize doporucit smazeni
bez trojobalu a z béZné pouzivanych tukd pouZiti fepkového oleje, ktery obsahuje velmi malé
mnozstvi zdravotné nepfiznivych SFA, velké mnozstvi MUFA, PUFA a velmi dobry pomér n-3 a n-6
kyselin.

Pro nutri¢ni odborniky Ize doporucit rozsifeni databazi sloZeni potravin o informace o nutri¢nim
sloZeni rlznych ryb a rybich vyrobk( pochazejicich z riznych chovnych systém( popf. upravenych
rGznymi zpUsoby. Ke zvaZzeni je taktéZ pouZiti predsmazenych rybich vyrobkd s nizkym obsahem
rybiho masa a vysokym obsahem tuku, barviv, stabilizator(i a ochucovadel (viz pfiklad produktu
»rybi prsty pfedsmazené”) ve stravovani predskolnich a skolnich déti. Takovéto produkty nemaiji
s rybou prakticky skoro nic spole¢ného a v podstaté se jednd o predrazenou smazenou strouhanku.

Jednoznacné je vSak pottreba iniciovat diskusi mezi producenty, zpracovateli ryb, nutri¢nimi
specialisty, statni sprdvou a verejnosti a Iépe komunikovat problematiku nutrié¢ni kvality ryb

v rdmci celého tfetézce ,,0d rybnika az po vidlicku”.

3.7. Technologie produkce omega 3 kapra
(Mraz et al., 2017; pfiloha 7)

Vramci projektu NAZV QH92307 jsme vyvinuli technologii produkce kapra se zvySenym
obsahem omega 3 kyselin (dale jen omega 3 kapr) (Mraz et al., 2017; Ptiloha 7). Tato technologie
je uréena pro polointenzivni chov kapra v rybniéni akvakulture. Je zaloZzena na maximalnim vyuziti
pfirozené potravy (plankton a bentos), ktera je bohatym zdrojem n-3 HUFA (Mraz et al., 20123;
Mraz a Pickova, 2009; Mraz a Pickova, 2011), v kombinaci s dopliikovou krmnou smési obsahujici
fepkové vylisky a extrudované Inéné seminko. Tato krmnd smés je bohata na ALA (Mrdz et al.,
2011a,b; Zajic et al., 2013), ktera je pro kapra prekurzorem pro tvorbu n-3 HUFA (Farkas, 1984;
Olsen et al., 1990; Tocher, 2003; Zheng et al., 2004). Pti vyvoji této technologie jsme vychazeli
z toho, Ze chceme maximalné vyuzit tradi¢ni zplsob chovu kapra v rybnicich bez pouzZiti rybi
moucky a oleje, které jsou dlouhodobé neudrzitelné a celosvétové je nutné je v krmivech pro ryby
nahrazovat udrzitelnymi alternativami (Pickova a Morkore, 2007; Tacon a Metian, 2008). Také

jsme nechtéli jit cestou pouziti GMO ¢i pouziti neekologickych postupt. DuleZitym parametrem
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pro rozhodovani byla téZz ekonomika chovu, protoze jsme chtéli vyvinout produkt, ktery se dostane

mezi lidi a nezlstane pouze zajimavou védeckou publikaci, ¢i vysledkem tzv. ,v Supliku®.

Technologie chovu omega 3 kapra se sklada z téchto krokd:

1)

2)

3)

4)

5)

6)

Rybniky vhodné pro chov omega 3 kapra musi mit dostatec¢nou pfirozenou produktivitu
(alespori 300 kg/ha) a jejich management je volen tak, aby maximalné podporoval rozvoj
pfirozené potravy a zaroven potlacoval rozvoj plevelnych ryb.

Na jafe (v dubnu) jsou rybniky nasazeny kaprem o hmotnosti cca 1 kg ve vhodné hustoté
obsadky tak, aby pfirozeny pfirastek tvofil 50 % celkového pfirtstku (2-2,3x pfirozena
produktivita rybnika).

Kapfi jsou v pribéhu vegetacni sezény prikrmovani peletovanou krmnou smési KP len,
obsahujici repkové vylisky a extrudované Inéné seminko (Mraz et al., 2011a,b).

Rybniky jsou loveny v obdobi fijen-listopad a omega 3 kapfi jsou sddkovani po dobu 2-4
tydna pro vycisténi traviciho traktu, zbaveni se moznych pachuti a vylepseni profilu lipida
(Zajic et al., 2013).

Omega 3 kapfi jsou filetovani a v ptipadé velkého mnozstvi zasobniho tuku (kapr nad 2,5 kg;
obsah tuku nad 10 %) je odfiznut prouzek abdominalni stény, ktery obsahuje velké mnozstvi
SFA a MUFA (Mraz a Pickova, 2009).

Pfed dodanim na trh je provedena kontrolni analyza obsahu tuku a kompozice mastnych

kyselin.

Technologie produkce omega 3 kapra je chranéna ¢eskym narodnim patentem ¢. 302744 (Mraz

et al,,

2011a) a sloZzeni krmné smési KP Len je chranéno uZitnym vzorem ¢. 21926 (Mraz et al.,

2011b). Omega 3 kapr je od roku 2011 k dostdni na ceském trhu pod oznacenim ochranné zndmky

(Jiho€eskd univerzita v Ceskych Budéjovicich et al., 2011; Obr. 1).

Filety omega 3 kapra obsahuji méné MUFA, vice n-3 PUFA, n-3 HUFA a nizsi pomér n-6/n-3

v porovnani s kaprem z tradi¢niho chovu pfikrmovanym obilovinami (Mraz et al., 2012a; Mraz et

al., 2017; Zajic et al., 2013). Jedna porce omega 3 kapra (200 g) obsahuje alespor 300 mg EPA+DHA

a 1 g n-3 PUFA (obvykle 500 mg EPA+DHA a 1,5 g n-3 PUFA). Tyto hodnoty jsou blizké

doporucovanym hodnotdm pro prevenci kardiovaskularnich chorob (Mozaffarian a Wu, 2011) viz

kapitola 2.4.
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Obr. 1. Ochranna obrazovd zndmka pro omega 3 kapra (Jiho¢eska univerzita v Ceskych

Budéjovicich et al., 2011).

Cena omega 3 kapra na trhu je cca o 15-20 % vyssi v porovnani s ,,normalnim“ kaprem, coz je
dano vyssimi naklady na krmivo, management chovu, kontrolni analyzy kvality masa a licen¢ni
poplatek. Podle naSich dosavadnich zkuSenosti pfi vdnocnich prodejich je tato zvySend prodejni
cena pro zakazniky akceptovatelna. Jsme radi, Ze se léta vyzkumu zurocila a povedlo se omega 3
kapra dostat od prvotni myslenky aZz na trh k zakaznikdm. Jsme si védomi toho, Ze v této oblasti
jsme teprve na zacatku a véfime, Ze se nam lepSim porozuménim metabolismu mastnych kyselin

a konverze ALA na n-3 HUFA podati obsah téchto latek v mase kapra v budoucnu jesté zvysit.

3.8. Kapr v prevenci kardiovaskularnich chorob
(Adamkova et al., 2011, pfiloha 8; Mraz et al., 2017 priloha 7)

Navzdory tomu, jak je oblast vlivu konzumace ryb a n-3 mastnych kyselin na lidské zdravi
intenzivné zkoumanym tématem, je publikaci, které se zaméruji na vliv sladkovodnich ryb v lidské
vyzivé, velice malo. V dostupné literature jsme dokonce nenasli Zadnou studii, kterd by se zabyvala
touto problematikou u kapra. Sladkovodni ryby jsou navic ¢asto v odborné literature i dalSich
médiich nepravem prehlizenym zdrojem n-3 HUFA (Ackman, 2002). Vyjimkou nejsou ani vyroky
typu ,Ryby sladkovodni totiz nejsou zdrojem omega-3 mastnych kyselin na rozdil od ryb
morskych.” (Neuwirthovd, 2017). Takové vyroky jsou zavadéjici a nezakladaji se na pravdé. Naopak
nékteré sladkovodni ryby maji az nékolikanasobné vyssi obsah n-3 HUFA neZ napf. maso tresky
obecné (Gadus morhua) (treska: 158 mg EPA+DHA/100 g vs. pstruh: 935 mg EPA+DHA/100 g)
(Mozaffarian a Rimm, 2006).
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V rdmci studie Adamkova et al. (2011; Priloha 8) jsme ukazali, Ze jiz malé zafazeni kapra do
jidelnicku (2 x 200 g kapfiho masa tydné/po dobu 4 tydn() mélo pozitivni vliv na vylepseni lipidG a
markeru zanétu v plasmé pacientd, ktefi prodélavali rekonvalescenci po operaci srdce v Laznich
Podébrady, v porovnani s kontrolni skupinou, ktera dostavala standardni dietu pro tyto pacienty.
V druhé studii Mraz et al. (2017; Pfiloha 7) jsme tyto vysledky potvrdili a ukazali jsme, Ze mira
tohoto efektu je ovlivnéna tim, z jakého typu produkéniho systému (tradi¢ni zplsob chovu
s pfikrmovanim obilovinami vs. omega 3 kapr) kapr pochazi. Vzhledem k tomu, Ze kapti z obou
skupin méli podobnou hmotnost (2,3 kg) a obsah tuku (6,8 % kapr prikrmovany obilovinami vs.
6,2 % omega 3 kapr) je pravdépodobné, Ze rozdil mezi skupinami pacientu, ktefi dostdvali kapra,
byl zplisoben rozdilnou kompozici mastnych kyselin v jejich mase. Maso kapra pfikrmovaného
obilovinami bylo charakteristické vysokym obsahem MUFA (zvlasté kyseliny olejové), zatimco
maso omega 3 kapra mélo velké mnozstvi PUFA (3x vice), n-3 PUFA (4x vice) a n-3 HUFA (4,8x vice).
Navic mél omega 3 kapr 5krat vyssi obsah ptiznivych EPA+DHA neZ kapr pfikrmovany obilovinami
(106 vs. 524 mg EPA+DHA/200 g porci). | pres lepsi vysledky pfi pouZiti omega 3 kapra je nutné
zminit, Ze obé skupiny, které dostavaly v jidelnicku kapra, mély lepsi vysledky, nez kontrolni

skupina.

Zajimavym zjisténim je také to, Ze vSichni pacienti z nasi studie, ktefi v Laznich Podébrady
dostavali pokrmy z kapra, udavali, Ze byli mile pfekvapeni jejich dobrou chuti, variabilitou recept(
a tim, Ze lze pfipravit kapra tzv. ,bez kosti“. Dokonce jesté 5 let po nasi studii 44 % pacient(
v dotazniku uvedlo, Ze stale dodrzuje doporuceni jist ryby alespon 2krat tydné. Z toho Ize usuzovat,
e je zde velky prostor pro osvétu, aby se lidé v CR nauili jist kapra nejen na Vanoce, ale i
v pribéhu roku. Podle mého nazoru je duleZité to, aby se seznamili s tim, jak kapra pfipravit, Ci si
ho koupit ,bez kosti“, jak ho jednoduse kulinarné pfipravit na jiné zplsoby, nez jen ,vanocniho

smazeného kapra v trojobalu“, a proc je pro jejich zdravi dllezité jist ryby.

Velikost efektu konzumace kapra v obou studiich jiz po tak kratké dobé (4 tydny) nds prekvapila.
Je nutné uvést, Ze takto velkych zmén bylo dosahovano ve studiich s morskymi rybami ¢i s kapslemi
s rybim olejem, které obsahovaly mnohem vyssi davky EPA+DHA poddvané pacientlim s vySsi
frekvenci. Dlvodd mUzZe byt nékolik a pro jejich objasnéni je nutné provést dalsi detailnéjsi studie.

Dovolim si je tedy vyslovit pouze jako urcité hypotézy k dalSimu zkoumani.
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1) Lidé v CR konzumuji velice malo ryb (Zeni$kova a Gall, 2009), a tak je pravdépodobné, 7e
nasi pacienti méli velky deficit n-3 PUFA a EPA+DHA. Tak i malé davky mohli mit po kratké
dobé silny efekt na jejich parametry lipidl v plazmé a marker zanétlivych proces.

2) Zarazenim kapra dvakrat tydné do jidelnicku pacientl doslo k nahrazeni jinych jidel ze
standardni diety. Vysledny efekt by tak mohl byt kombinaci vlivu kapra a vylouceni jinych
jidel. Existuji napfriklad studie, které ukazuji, Ze ¢ervené maso muize mit negativni vliv na
rozvoj kardiovaskularnich onemocnéni a vznik kolorektalnich nadorl (Koeth et al., 2013;
Oostindjer et al., 2014). Maso hospodarskych zvirat také mlze obsahovat vyssi mnozstvi
SFA (Dostalova, 2011; Wood et al., 2008), které jsou znamé svym negativnim vlivem na
rozvoj kardiovaskularnich onemocnéni (Lichtenstein et al., 2006).

3) Maso kapra pravdépodobné obsahuje i dalsi pozitivni latky, nez jen omega 3 mastné
kyseliny. Napftiklad bylo zjiSténo, Ze rybi proteiny a peptidy maji podobny pozitivni vliv jako
omega 3 kyseliny (Lavigne et al., 2001; Ouellet et al., 2008; Pilon et al., 2011; Wergedahl et
al., 2004). Dalsich latek a molekul (napf. proteiny, vitaminy, mineraly, fosfolipidy...), které
mohou spolec¢né s omega 3 kyselinami pUsobit synergisticky, mlze byt mnoho, a tak lze
predpokladat, Ze mohly pfispét k pozitivnim vysledkim pozorovanym v nasich studiich.

4) Vétsina studii, které byly doposud v této oblasti provedeny, pouzivala morské ryby ¢i kapsle
s jejich olejem (Mozaffarian a Rimm, 2006). Ten obsahuje z n-3 HUFA ve velké mife
EPA+DHA (Gruger at al., 1964), a tak je vétSina nutri¢nich doporucéeni smérovana pouze k
témto kyselinam. Sladkovodni ryby obsahuiji i dalsi kyseliny n-3 HUFA (jako je napt. DPA),
které by mohli byt sami o sobé bioaktivnimi latkami, nebo mohou byt v lidském téle
efektivnéji preménény na EPA a DHA, neZ je ALA. Dale ma maso sladkovodnich ryb vyvazeny
obsah n-3 a n-6 kyselin (Steffens, 1997). Tato oblast si zaslouzi hlubsi zkoumani a je mozné,

Ze soucasna nutri¢ni doporuceni budou v budoucnu rozsifena o dalsi , rybi“ mastné kyseliny.

Zavérem lze uvést, Ze zarazeni kapra do jidelnicku ma pozitivni vliv na lidské zdravi a prevenci
kardiovaskularnich onemocnéni. Sila efektu konzumace kapra je ovlivnéna tim, z jakého systému
chovu kapr pochazi a jakou méa kompozici mastnych kyselin. To, pro¢ byly nase vysledky podobné,
jako ve studiich s mnohem vy3$simi davkami omega 3 kyselin neni plné jasné, a tato oblast vyzaduje
dalsi podrobnéjsi zkoumani. Z vysledka je také patrné to, ze v CR existuje velky prostor pro osvétu

a vyznamné zvysSeni spotfeby sladkovodnich ryb véetné kapra.
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4. Zavéry

V této prdci byly nejprve shrnuty faktory ovliviujici obsah tuku a kompozici mastnych kyselin
v mase kapra obecného. Mezi nejdllezitéjsi faktory, které mohou tyto kvalitativni parametry
v mase kapra vyrazné zlepsit, patfi predevsim velké mnozstvi pfirozené potravy, vhodné doplnkové
krmivo s vysokym obsahem ALA, vhodné zpracovani a kuchyriska uprava.

Déle byl studovan vliv sesaminu a dvou rdznych pomérd n-3 a n-6 kyselin v krmivu na kvalitu
masa kapra. Sesamin nemél pozitivni vliv na syntézu HUFA. Rozdilny obsah LA a ALA v krmivu mél
za nasledek zvyseni korespondujicich HUFA v mase kapra. Vysledky naznacuji, Ze pro maximalni
vyuziti schopnosti kapra syntetizovat n-3 HUFA z jejich rostlinnych prekurzor(, je vhodné pouzit
dietu, kde bude prevaha n-3 prekurzor( a pouze takova davka n-6 mastnych kyselin, ktera pokryje
jeho nutriéni potiebu.

V chovu kapra byla Uspésné otestovana krmna strategie ,finishing feeding”. Bylo zjisténo, Ze
diky této strategii lze jednoduse dosahnout poZzadované vysledné kompozice mastnych kyselin
v mase kapra, kterou lze navic velmi pfesné predpovédét pomoci fediciho modelu (R? = 0,992-
0,996).

Byl zkouman vliv podzimniho sddkovani a pfedchozi vyZivy na zmény obsahu tuku a kompozici
mastnych kyselin v mase triniho kapra. V pribéhu sadkovani dochdazelo k vyraznym zménam
v obsahu tuku a kompozici mastnych kyselin. Vysledky naznacuji, Ze kapr je schopen selektivné
metabolizovat urcité mastné kyseliny pro své energetické potieby v pripadé, kdy ma dostatecné
rezervy tuku. V pfipadé nedostatku tukovych zdsob, pak metabolizuje i ostatni typy mastnych
kyselin tak, aby si udrzel specifickou kompozici, kterd mu zajisti idedlni slozeni membran a dalSich
metabolickych funkci.

Bylo testovano poutziti dvou rychlych In situ metod stanoveni obsahu tuku v mase kapra (pouziti
fatmetru a méreni vysky hrbetniho tuku). Obé metody byly vyhodnoceny jako pouzitelné pro
rybnikafskou praxi. Jejich presnost je sice o néco nizsi, nez chemickd analyza, ale to je vyvazeno
jejich rychlosti, nizkymi naklady, jednoduchosti a tim, Ze se jedna o nedestruktivni metody. Jsou
tedy vhodné predevsim pro Slechtitelskou praci, kontrolu vyzivného stavu &i pro rutinni kontrolu
kvality rybi suroviny.

Zpracovani a kuchynska dprava ma velky vliv na vyslednou kvalitu masa kapra. Smazeni kapfich

filet zvySuje obsah tuku na dvou az trojndsobek (v pfipadé filetu v trojobalu). Kompozice mastnych
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kyselin ve findlnim vyrobku silné reflektuje pouzity druh smaziciho tuku a jeho narlst. Z bézné
pouzivanych tuk( ke smazeni Ize z nutri¢niho hlediska doporucit pfedevsim fepkovy olej.

Byla vyvinuta patentovana technologie produkce kapra se zvySenym obsahem omega 3 kyselin
(dale jen omega 3 kapr). Je zaloZzena na maximalnim vyuZiti pfirozené potravy (plankton a bentos)
v kombinaci s doplfikovou krmnou smési obsahujici fepkové vylisky a extrudované Inéné seminko.
Jedna porce omega 3 kapra (200 g) obsahuje alespori 300 mg EPA+DHA a 1 g n-3 PUFA (obvykle
500 mg EPA+DHA a 1,5 g n-3 PUFA). Tyto hodnoty jsou blizké doporu¢ovanym hodnotam pro
prevenci kardiovaskularnich chorob.

Bylo zjisténo, Ze jiz malé zarazeni kapra do jidelnicku (2 x 200 g kaptiho masa tydné/ po dobu 4
tydnd) mélo pozitivni vliv na vylepseni lipid( a markeru zanétu v plasmé pacient(, ktefi prodélavali
rekonvalescenci po operaci srdce v Laznich Podébrady, v porovnani s kontrolni skupinou, ktera
dostavala standardni dietu pro tyto pacienty. Bylo zjisténo, Ze velikost tohoto efektu je ovlivnéna
tim, z jakého typu produkéniho systému (tradi¢ni zplsob chovu s pfikrmovanim obilovinami vs.
omega 3 kapr) kapr pochazi a jakou ma kompozici mastnych kyselin.

Zavérem lze uvést, Ze kapr ma vysokou nutri¢ni hodnotu, mél by byt povaZzovan za zdravou
potravinu a jeho zarazeni do jidelnicku ma pozitivni vliv na lidské zdravi a prevenci
kardiovaskularnich onemocnéni. Jeho nutri¢ni kvalitu Ize mnoha faktory jesté vylepsit. Tato
habilitaéni prace prinasi jednak souhrn téch, které nutri¢ni kvalitu kapfiho masa ovliviuji a zaroven
prinadsi technologii chovu omega 3 kapra, ktera je jiz v soucasnosti zavedena do praktickych

podminek.
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5. Probihajici vyzkum a dalsi smérovani

Ze zminénych studii je zfejmé, Ze obsah tuku a kompozice mastnych kyselin v mase kapra
obecného jsou vysoce variabilni a je mozné je ovlivnit mnoha faktory. V ptedloZené habilitacni
praci byly tyto faktory sumarizovany a byla vyvinuta technologie produkce omega 3 kapra.
Pfedpoklddame, Ze se nam na zakladé probihajiciho vyzkumu podafi obsah n-3 HUFA v mase kapra
dale zvysit.

Jednim z hlavnich faktorU, které obsah n-3 HUFA v mase ovliviiuji, je mnoZstvi pfirozené potravy
ve vyZivé kapra. V soucasné dobé je mnoho rybnik( v CR v eutrofnim az hypertrofnim stavu, diky
¢emuz mnoho zaZitych rybnikarskych poucek prestava platit a dochazi ke stavu, kdy nejsou Ziviny
a energie z primarni produkce efektivné transformovany do ryb. V ramci probihajiciho projektu
GACR (17-09310S) spoleéné s Hydrobiologickym uUstavem a PFirodovédeckou fakultou JU
studujeme chovani rybni¢niho ekosystému a retenci Zivin v rybdach za rlznych podminek. Cilem je
najit efektivni zplsob rybni¢niho managementu, ktery pom{ze k vy$Simu prenosu Zivin a energie
z primarni produkce do ryb, a tim klepSimu vyuzZiti rybni¢niho potencidlu. To by mélo vést
k vy$S§imu podilu pfirozené potravy ve stravé kapra a k naslednému zvyseni n-3 HUFA v jeho
svaloviné.

Druhym dulezitym faktorem je schopnost kapra syntetizovat n-3 HUFA z jejich rostlinnych
prekurzord. Zde lze cerpat predevsim ze studii, které se zabyvaji touto problematikou
u lososovitych ryb. Z vyzkumu védeckého tymu z University of Stirling vedeného profesorem
Tocherem vyplyva, Ze porozuménim procesu konverze ALA na n-3 HUFA a faktorim, které ji
ovlivAuji, I1ze dosahnout vyssiho stupné této konverze. Také se ukazuje, Ze se napf. u lososa
obecného jednd o vysoce dédivy znak (h? = 0,77) a existuje tak moZnost v budoucnu 3lechtit
plemena ¢i linie s vysokou schopnosti této syntézy (Leaver et al., 2011). Na rozdil od lososa nejsou
zatim u kapra nalezeny a funkéné charakterizovany vsechny enzymy zapojené do syntézy n-3
HUFA. U kapra byla zatim funkéné charakterizovana pouze A-6 desaturaza (Zheng et al., 2004). Ren
et al. (2012) nasledné identifikoval dvé varianty A-6 desaturdzy. Ty zatim nebyly funkéné
charakterizovany a neni tedy jasné, zda se skute¢né jedna o dvé A-6 desaturazy, o bifukéni A-6/A-
5 desaturazy, ¢i o jednu A-6 a jednu A-5 desaturazu. Watanabe et al. (2016) totiz ve své recentni
studii ukazal, Ze zména byt jediné aminokyseliny v sekvenci desaturdzy muizZe zmeénit jeji

substratovou specificitu. V ramci probihajiciho GAJU projektu (095/2017/Z) chceme identifikovat
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a funkéné charakterizovat enzymy, které se u kapra podileji na konverzi ALA na n-3 HUFA.
Pfedpokldadame, Ze to nam ndsledné pomuze lépe porozumét tomu, jak rizné environmentalni,
nutriéni ¢i genetické faktory ovlivAuji tuto drahu a podafi se ndm nalézt nastroje, jak jeji efektivitu
u kapra prakticky zvysit.

V oblasti studia vlivu konzumace ryb na lidské zdravi se chceme ve spolupraci s Institutem
klinické a experimentdlni mediciny zaméfit na objasnéni hypotéz, které jsem naznacil v kapitole
3.8. a na vliv riznych frakci rybiho masa na lidské zdravi.

Jelikoz rybi maso rychle ztraci kvali mikrobidlnim, autolytickym a autooxidac¢nim procesiim svou
kvalitu zamérujeme se také na to, jak ji udrzet co moznd nejdéle. V této oblasti vidim velky prostor
pro zlepseni soucasné praxe pomoci optimalizace welfare ryb pred zpracovanim, zplsobu zabiti
a vykrveni, zpracovatelskych postup(, ¢i pouZitim pfirodnich antimikrobidlnich a antioxidac¢nich

latek (Lunda et al., 2016; Sternisa et al., 2016).
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8. Cesky abstrakt

Mrdz, J., 2017. Kvalita lipid(i v mase kapra obecného (Cyprinus carpio). Habilitacni prace, Jihoceska
univerzita v Ceskych Budé&jovicich, Fakulta rybafstvi a ochrany vod, Ustav akvakultury a ochrany

vod: 40 s.

Predlozenou habilitaéni praci tvofi komentovany soubor 8 publikaci zamérenych na obsah
a kvalitu lipidd v mase kapra obecného (Cyprinus carpio) a na vliv konzumace kapfiho masa
v sekundarni prevenci kardiovaskularnich onemocnéni.

V prvni ¢asti jsou sumarizovany faktory ovliviiujici obsah tuku a kompozici mastnych kyselin
v mase kapra. Byl studovan vliv bioaktivniho lignanu sesaminu a dvou rdznych pomér( n-3 a n-6
kyselin v krmivu na kvalitu masa kapra. V chovu kapra byla Uspésné otestovana krmna strategie
»finishing feeding”. Byl zkouman vliv podzimniho sadkovani a pfedchozi vyZivy na zmény obsahu
tuku a kompozice mastnych kyselin v mase trzniho kapra. Byly testovany dvé In situ metody
(pouziti fatmetru a méreni vysky hibetniho tuku) pro rychlé nedestruktivni stanoveni obsahu tuku
v mase kapra. Byl sledovan vliv smazeni kapfich filet ve ¢tyfech béziné pouzivanych tucich na
vyslednou kvalitu masa.

V druhé ¢asti je popsana patentovana technologie chovu kapra se zvySenym obsahem n-3
mastnych kyselin. Ta je zaloZzena na maximalnim vyuZiti ptirozené potravy (plankton a bentos)
v kombinaci s doplikovou krmnou smési obsahujici fepkové vylisky a extrudované Inéné seminko.

Treti ¢ast této habilita¢ni prace pojednava o vlivu konzumace kapriho masa v sekundarni
prevenci kardiovaskularnich onemocnéni. Zarazeni kapra do jidelni¢cku (2 x 200 g kapfiho masa
tydné/ po dobu 4 tydn() mélo pozitivni vliv na vylepseni lipidd a markeru zanétu v plasmé pacient(
po operaci srdce. Velikost tohoto efektu je ovlivnéna tim, z jakého typu produkéniho systému kapr

pochazi a jakou ma kompozici mastnych kyselin.

Klicova slova: kapr, kardiovaskuldarni onemocnéni, lidské zdravi, mastné kyseliny, rybnicni

akvakultura, vyZiva
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9. Anglicky abstrakt

Mrdz, J., 2017. Lipid Quality of Common Carp (Cyprinus carpio) Flesh. Habilitation thesis, University
of South Bohemia in Ceské Budé&jovice, Faculty of Fisheries and Protection of Waters, Institute of

Aguaculture and Protection of Waters: 40 pp. (in Czech)

The presented habilitation thesis consists of an annotated set of 8 publications focused on the
content and quality of lipids in carp (Cyprinus carpio) flesh as well as on the influence of carp
consumption on the secondary prevention of cardiovascular diseases.

The first part summarizes the factors influencing the fat content and the fatty acid composition
in carp flesh. The effects of bioactive lignan sesamin and two different ratios of n-3 and n-6 fatty
acids in the feed on the quality of carp were studied. The finishing feeding strategy was successfully
tested in carp breeding. The effect of the autumn purging period and previous nutrition on the
changes in the fat content and fatty acid composition in carp flesh was investigated. Two /In situ
methods (the use of a fat meter and the measurement of the dorsal fat height) were tested for
rapid non-destructive determination of the fat content in carp flesh. The effect of frying in the 4
commonly used fats on the carp fillet quality was monitored.

In the second part, a patented carp breeding technology with an increased content of n-3 fatty
acids is described. It is based on the maximal use of natural feed (plankton and benthos) in
combination with a supplemental feed mixture containing rapeseed cake and extruded linseed.

The third part of this habilitation thesis deals with the influence of carp flesh consumption on
the secondary prevention of cardiovascular diseases. The incorporation of carp in the diet (2 x 200
g carp flesh per week / for 4 weeks) had a positive effect on the improvement of lipids and the
marker of inflammation in plasma of patients after heart surgery. The magnitude of this effect is

influenced by a pond production system as well as the carp flesh fatty acids composition.

Key words: cardiovascular diseases, carp, fatty acids, human health, nutrition, pond aquaculture
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Abstract

There is evidence that n-3 highly unsaturated fatty acids (n-3 HUFA), especially
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), are beneficial for
human health, especially for the cardiovascular system. The sources of n-3 HUFA,
including EPA and DHA, are scarce in diet consumed by the Czech population.
Thus, it would be beneficial to generally increase fish consumption and also to
increase the content of the beneficial fatty acids (FA) in locally produced fish
and other products. Therefore the overall aim of this paper was to review factors
influencing lipid content and composition in common carp, which is the major
cultured fish in the Czech Republic, and to identify long term sustainable ways for
increasing the beneficial fatty acids in the carp flesh. We conclude that there are
several ways to improve the FA composition of common carp in the traditional
pond production. High amount of natural food, good supplemental diet contain-
ing high level of alpha-linolenic acid (ALA) and suitable processing and cooking
were identified as the most important ones.

Abbreviations: INTRODUCTION

ALA - alpha-linolenic acid There is evidence that n-3 highly unsaturated fatty
DHA - docosahexaenoic acid acids (n-3 HUFA; carbons =20, double bonds
EPA - eicosapentaenoic acid >3 iallv ei ic (20:5 3. EPA
A fatty acids >3), especially elcos.apen.taenmc (20:5 n-3; )
HUFA - highly unsaturated fatty acids and docosahexaenoic acid (22:6 n-3; DHA) are
MUFA - monounsaturated fatty acids beneficial for human health. EPA and DHA have
PUFA - polyunsaturated fatty acids many different functions in human body, e.g.:

influencing the physical nature of cell membranes,
membrane-protein-mediated responses, being
eicosanoid precursors, cell signalling and gene
expression (Calder & Yaqoob 2009). EPA and
DHA have been shown to have beneficial effect in
a range of cardiovascular risk factors, which result
in primary cardiovascular prevention, reduction

..................................................................................................

To cite this article: Neuroendocrinol Lett 2011;32(Suppl.2):3-8

HTOI LYV MHIAHJXA



Jan Mrdz, Jana Pickova

in total and cardiovascular mortality (Calder & Yaqoob
2009).

Several studies showed that n-3 HUFA biosynthesis
is limited in humans (Burdge & Calder 2005) and there-
fore it was proposed they should be consumed directly
for optimal health status.

Today’s western diet is generally deficient in n-3 fatty
acids (FA) and excessive in n-6 FA resulting in a low
n-3/n-6 ratio. It was proposed that we have been evolu-
tionary adapted to a diet with the n-3/n-6 ratio close to
1:1 whereas in the western diet it exceeds 1:15 (Leaf &
Weber 1987; Simopoulos 2008). This dietary change is
associated with many life style diseases, including car-
diovascular diseases, cancer, inflammatory and autoim-
mune diseases.

Currently, there are several dietary recommenda-
tions for n-3, n-6, EPA, DHA and fish intake around
the world. The European Food Safety Authority (EFSA)
Panel on Dietetic Products, Nutrition and Allergies
proposed reference labelling intake values for general
population: 250 mg EPA+DHA; 2 g alpha-linolenic acid
(ALA; 18:3 n-3) and 10 g of linoleic acid (18:2 n-6) per
day (EFSA 2009). WHO/FAO (2003) recommended
that “regular fish consumption (1-2 servings per week)
is protective against coronary hearth diseases and isch-
emic stroke” “The serving should provide an equivalent
200-500mg EPA+DHA” The American Heart Asso-
ciation recommends for general population to “eat a
variety of (preferably fatty) fish at least twice a week”
(Kris-Etherton et al. 2002).

Generally, fish and fish products are not abundant
in the food basket of the Czech population (5.5kg of
fish or fish products per capita per year (Zeniskova &
Gall 2009). Other sources of n-3 HUFA, including EPA
and DHA, are scarce in diet consumed by the Czech
population (Hibbeln et al. 2006). Thus, it would be ben-
eficial to generally increase fish consumption and also
to increase the content of the beneficial FA in locally
produced fish and other products.

Therefore the overall aim of this paper was to review
factors influencing lipid content and composition in
flesh of common carp (Cyprinus carpio), which is the
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Fig. 1. Lipid content and fatty acid composition of muscle total
lipids of carps cultured on natural food only (natural food; mean
weight 0.8 kg) or supplemented with cereals (natural food +
cereals; mean weight 1.6 kg) (Adapted from Véacha et al. 2007).

major cultured fish in the Czech Republic and to iden-
tify long term sustainable ways for increasing the ben-
eficial fatty acids in the carp flesh.

FACTORS INFLUENCING LIPID CONTENT
AND COMPOSITION IN COMMON CARP
FLESH

Lipid content and composition in carp flesh is influ-
enced by several environmental and internal factors.
The environmental factors are e.g. diet, starvation,
and water temperature and the internal factors are e.g.
genetic background, size, age, sex, maturation. When
the carp flesh is prepared as a meal for consumers other
factors further influence the final composition such as
the part of the fish used, processing and preparation
(cooking, frying, use of additional fat). The mentioned
factors will be explained in detail in following chapters
and potential for improvements will be discussed.

ENVIRONMENTAL FACTORS

“You are what you eat” - the nutrition has a major
impact on the lipid content and composition in
common carp. Generally, carp reflects the lipid pattern
of its diet to a high extent (Steffens 1997; Steffens &
Wirth 2007). Common carp is traditionally produced
by semi-intensive techniques in earthen ponds. Carp
nutrition is based on natural food zooplankton and
zoobenthos (Adamek et al. 2003), and supplemental
feeding to fulfill the energy requirements (Buchtova et
al. 2007). The natural food (Bell et al. 1994; Bogut et al.
2007; Domaizon et al. 2000; Mraz & Pickova 2008) is
rich in n-3 HUFA therefore the carps cultured on natu-
ral food only have high content of these beneficial FA
in the flesh (Csengeri 1996). The cereal supplementa-
tion generally causes higher lipid content, high level of
monounsaturated FA (MUFA) and low level of n-3 FA
in the carp flesh (Csengeri 1996; Steffens 1997; Steffens
& Wirth 2007; Vacha et al. 2007) (Figure 1).

Since carp is able to bio-convert ALA to n-3 HUFA
(Tocher & Dick 1999; Tocher 2003) it might be possible
to increase n-3 HUFA content in carp flesh by supple-
mental feeding containing ALA. Such supplemental
pellets based on rapeseed cake and extruded linseed as
a lipid source were developed and tested (Mraz et al.
unpublished results). Fillets of carps supplemented by
these pellets were characterized by lower level of MUFA,
higher level of n-3 PUFA, n-3 HUFA and with lower
n-6/n-3 ratio compared to the carps supplemented by
cereals (Figure 2). One serving (200 g) of fillet from this
carp contained 300 mg of EPA+DHA and 1 g of n-3 FA
which is very close to the recommended values.

Generally, bioactive minor lipid compounds have
been shown to be able to affect the lipid profiles in
tish. Such compounds studied are e.g. conjugated lin-
oleic acid, alpha-lipoic acid, tetradecylthioacetic acid
and sesamin/episesamin. Inclusion of bioactive com-

Copyright © 2011 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu



pounds in the diet might be used to influence muscle
lipid composition by alteration of the fish metabolism
to synthesize or deposit more n-3 HUFA or to affect
B-oxidation (Pickova et al. 2010). Alpha-lipoic acid is
a potential bioactive compound which was observed
to influence lipid composition in fish. It acts as an
antioxidant, influences lipid homeostasis (Navari-Izzo
et al. 2002) and was found to increase level of EPA in
muscle polar lipids in South American pacu (Piarac-
tus mesopotamicus) (Trattner et al. 2007). Conjugated
linoleic acid and tetradecylthioacetic acid were pro-
posed to have stimulatory effect on DHA synthesis
in salmonids (Kennedy et al. 2007). Sesamin/episesa-
min was suggested to be a potent compound in lipid
homeostasis showing effects in fatty acid composition
of tissues (Trattner et al. 2008a; Trattner et al. 2008b). It
was shown to increase DHA in white muscle of rainbow
trout (Oncorhynchus mykiss) (Trattner et al. 2008a) and
in Atlantic salmon (Salmo salar) hepatocytes (Trattner
et al. 2008). However, such an effect was not seen in
common carp (Mraz et al. 2010).

Purging of fish before slaughtering is a common
practice in carp culture in order to remove possible off-
flavors and eliminate undigested food from intestine
(Vacha et al. 2007). This clean and off-flavours quality
is achieved by keeping the fish in clean and cold run-

Lipids in common carp muscle

ning water without feeding of the fish for several weeks.
It was proposed that this practice has a positive impact
on the fish nutritional quality because it reduces exces-
sive fat and increases percentage of n-3 HUFA (Einen et
al. 1998; Palmeri et al. 2008). Csengeri (1996) observed
that purging decreased level of oleic acid in the carp
muscle whereas PUFA were protected (Figure 3).
Water temperature was shown to influence carp
lipid metabolism. Carps increase activity of enzymes
involved in FA desaturation with decreasing tempera-
ture to adapt the fluidity of membranes (Cossins et al.
2002). Increased formation of n-3 HUFA in liver of
common carp exposed to low temperature was shown
by Farkas (1984). This factor may play a role during
the purging period when the carps are subjected to the
decreasing temperature in combination with starvation.

INTERNAL FACTORS

Another important factor affecting lipid content and
composition is the genetic background. It was shown
that muscle lipid content is a highly heritable trait
(>0.5) in common carp and that there is a relatively
high positive genetic correlation between body size
(standard length and body weight) and lipid content
(0.71 and 0.59, respectively) (Kocour et al. 2007).
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Fig. 2. Fatty acid composition of fillet total lipids of carps
supplemented either by cereals (cereals; mean weight 1.7 kg;
lipid content 6.8 %; n = 6) or pellets based on rapeseed cake
and extruded linseed as a lipid source (rapeseed/linseed pellets;
mean weight 2 kg; lipid content 6.2; n = 6) (Adapted from Mraz
etal. unpublished results).

Fig. 3. Effect of 11-week starvation at 25 °C on the carp muscle
total lipid fatty acid composition (weight of the fish 150-200 g).
(Adapted from Csengery 1996).

60 - [l M2 % Dor70
N m2xL1s
X M2 x M72
[(Im2xm2

N

n-6 PUFA

50 o
40 4
% 30 A

20 1

SFA n-3 PUFA

70 1
601 o+ N1+ []3+
50
40

%

30

20 A

12 : ,Id]_,_lw,-ﬁ,-c,_,lx:ﬂ

SFA MUFA 18:2n-6 20:4n-6 18:3n-3 20:5n-3 22:6n-3

Fig. 4. Fatty acid composition of dorsal muscle total lipids from four
different carp crossbreeds (n = 4) (Adapted from Mraz & Pickova
2008).

Fig. 5. Fatty acid composition of muscle total lipids in three age
groups (mean weight: 0+ 15 g; 1+ 600 g; 3+ 2600 g) of carp
reared under pond conditions (Adapted from Csengery 1996).
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Fig. 6. Lipid class composition (as relative %) of three parts (white muscle, red muscle and abdominal wall) of common carp fillet (mean

weight: 2 kg; n = 6) (Adapted from Mraz & Pickova 2008).

Leaver et al. (2011) analyzed flesh lipid parameters
in 48 families of Atlantic salmon and showed that
flesh n-3 HUFA composition is a highly heritable trait
(h2=0.77+0.14).

There are not many data available for carp about the
effect of genetic origin on the lipid composition (Fauco-
nneau ef al. 1995). In a study with four carp crossbreeds,
Buchtova et al. (2007) found that, the FA composition
was not affected to any great extent by the hybrid type.
Mraz & Pickova (2008) performed a similar study and
found that the pure line of Hungarian mirror carp
(M2 x M2) contained lower level of MUFA and higher
level of PUFA compared to other three crossbreeds, when
looking at the total lipid FA composition (Figure 4).

Nevertheless, there was no difference when phos-
pholipid and triacylglycerol fractions were analyzed
separately. So the differences seen in the total lipid
FA composition were ascribed to differences in the
lipid content and consequently to different proportion
between the two lipid fractions and their different FA
composition (Mraz & Pickova 2008).

Younger stages of carp are usually leaner and have
higher percentage of phospholipids and consequently
lower level of MUFA and higher percentage of n-3
HUFA compared to adult carps (Csengeri 1996)
(Figure 5). Since the younger fish do not deposit high
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Fig. 7. Common carp white dorsal muscle fatty acid composition
in total lipids, phospholipid and triacylglycerol fraction (mean
weight: 2 kg; n = 6) (Adapted from Mraz & Pickova 2008).

level of fat the FA turnover, selective storage and HUFA
biosynthesis might play more important role compared
to the adult fish.

Another factor with a strong effect on lipid content
and composition in animals is sex or sexual matura-
tion (De Smet et al. 2004; Nurnberg et al. 1998). Kocour
et al. (2007) reported that females of Hungarian syn-
thetic mirror carp were fattier than males probably due
to later maturation. In study with four common carp
hybrids, Buchtova et al. (2008) found only minor differ-
ences in lipid composition between males and females
probably caused by different lipid content. Fajmonova
et al. (2003) did not find any sexual dimorphism in lipid
content and FA composition in three-year-old carps.

OTHER FACTORS

Fish fillet is highly heterogeneous and is composed
from several different tissues, e.g., white muscle, red
muscle, adipose tissue and skin. The tissues differ
greatly in lipid content and therefore the lipids are not
equally distributed in the fillet. In common carp, this
factor was studied by Mraz & Pickova (2008) showing
that there is a large difference in lipid content of white
dorsal muscle (~1-2%), red muscle (16-17%) and the
abdominal wall (~30%) reflected in the FA composi-
tion. The percentage of n-3 PUFA was negatively cor-
related with increasing fatness. This was suggested to
be explained by the FA composition of the major lipid
fractions and the relative contribution of these fractions
to total lipids (Figure 6).

FA composition of phospholipid and triacylglycerol
fraction was quite similar in saturated fatty acids (SFA)
(~30%) but very different in MUFA and PUFA. Phos-
pholipid fraction had lower level of MUFA (~30%)
and higher level of PUFA (~40%), especially EPA and
DHA compared with triacylglycerol fraction (MUFA
60%; PUFA 10%) (Figure 7). Thus the white muscle,
being the leanest, was strongly influenced by phos-
pholipids and had significantly higher proportion of

Copyright © 2011 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu



n-3 HUFA, EPA and DHA (2008). This was suggested
to have implications for processing of products from
carp.

The last but not the least factor influencing lipid
content and composition is processing and cooking. It
was proved that especially the quality of fats and oils
added during processing has a very strong influence on
lipid composition (Ansorena & Astiasaran 2004; Sam-
pels et al. 2009). Sampels et al. (2009) found very high
variation of n-6/n-3 ratio in fish products being up to
400 times higher than in the raw fish. It was concluded
that fat used during the processing and preparation has
the largest impact on the food FA content and compo-
sition and proposed that it should be declared on the
product label (Pickova 2009; Sampels et al. 2009).

FUTURE PROSPECTIVE

As already mentioned the knowledge about the effect of
genetic background of carp on muscle fatty acid com-
position is scarce and should be broaden. It is possible
that carp lines with either higher capacity of HUFA bio-
synthesis or higher HUFA deposition will be identified
in available stocks or achieved by selection from these
which would enable their use in future carp culture.

The limitation of the studies carried on with carp
so far is in genetical closeness of the lines studied. The
other limitation is the use of semi-intensive technique
for such experiments. The first reason is that it is not
possible to separate between possible genetic differ-
ences in lipid metabolism and behavioral differences
among the breeds as the behavior can cause different
growth and fattening pattern. The second reason is that
when using supplemental feed based on cereals the
fish do not have enough ALA (n-3 HUFA precursors)
in the diet to show any difference in ability to biosyn-
thesize n-3 HUFA. In our on-going trial, we use carp
lines which are genetically more distant, e.g.: the two
subspecies of common carp C.c. carpio and C.c. hae-
matopterus. The trial is performed under controlled
conditions and the carps are fed a diet containing high
level of ALA.

The research focused on the use of bioactive com-
pounds to modulate fish lipid composition is also a
promising area with potential to be used in future aqua-
culture. In spite of the positive experimental results
with the above mentioned compounds the mechanisms
behind these effects have not been fully understood yet.
This aspect need to be addressed before the usage of
such compounds in aqua-feed production. It is likely
that in future some potent bioactive compound with
positive effect on HUFA biosynthesis in common carp
will be identified and used to increase n-3 HUFA con-
tent in carp flesh.

There is a general presumption that by understand-
ing the molecular mechanisms behind the HUFA bio-
synthesis we might find tools enabling us to use more
effectively the fish ability to produce n-3 HUFA (Zheng

Lipids in common carp muscle

et al. 2004). Genes involved in the HUFA biosynthesis,
except already characterized A-6 desaturase (Zheng
et al. 2004), and the mechanisms of their regulation
remains to be identified and characterized for common
carp. The rapidly evolving “omics” techniques as well
as the sequencing of common carp genome (Carp
Genome Project — China) will probably help to address
these questions. This might further improve the carp
culture to become an important producer of n-3 HUFA
for human nutrition.

CONCLUSIONS

To conclude that common carp muscle has favorable FA
composition and should be regarded as a healthy prod-
uct. However, there are several possibilities to further
improve the lipid composition of cultured carp accord-
ing to new research. High amount of natural food,
good supplemental diet containing high level of ALA
and suitable processing and cooking with use of healthy
ingredients were identified as the most important ones.
Further improvement might be reached in future by
better understanding of HUFA biosynthesis, effects of
genetic background and consequent selection of carps
with higher ability of n-3 HUFA biosynthesis as well as
the development in the area of bioactive compounds.
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Abstract

This study was focused on the clarification of the
effect of dietary sesamin on fatty acids and the
composition of different lipid fractions [phospholip-
ids (PLs), cholesterol and triacylglycerols] in the
white muscle of common carp (Cyprinus carpio L.)
juveniles. Two different basic diets with defatted
fishmeal as a protein source and either only lin-
seed oil or a mixture of linseed and sunflower oil
as a lipid source designed to have two different
n-3/n-6 ratios (1.21 — CL group; 0.32 — CM
group) were produced. Each diet was then used
with or without added sesamin (0.58 g 100g™1).
One hundred and forty-four individuals were fed
in triplicated groups for 63 days until their weight
had doubled. No influence of dietary sesamin on
growth, mortality or on the white muscle lipid
content of the fish was found. Added sesamin sig-
nificantly decreased the content of PLs and
increased the cholesterol content in the CM group.
No effect was found in the total lipid fatty acid
composition but there was found a significantly
lower content of saturated fatty acids and 20:5n-3
in PLs and of 22:6n-3 in triacylglycerols in the
sesamin supplemented CL group. These and other
differences show either a tendency of lower long
chain n-3 fatty acids biosynthesis or their higher
use in [-oxidation in sesamin-supplemented
groups. We conclude that sesamin in this experi-
ment had no substantial positive impact on the
lipid metabolism of juvenile carp.

3826

Keywords: biosynthesis, carp, fatty acid, linseed
oil, sesamin, sunflower oil

Introduction

The best sources of n-3 long chain polyunsatu-
rated fatty acids (LC-PUFA) for human consump-
tion are fish oil or fish muscle respectively; but fish
consumption is still very low, especially in land-
locked countries (Sargent, Henderson & Tocher
2002; Howe, Meyer, Record & Baghurst 2006; De
Henauw, Van Camp, Sturtewagen, Matthys, Bilau,
Warnants, Raes, Van Oeckel & De Smet 2007).
For humans, the metabolically most important
fatty acids from fish are eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA) from the
n-3 series. In addition, arachidonic acid from the
n-6 series and the precursors of all of these
LC-PUFA, alpha-linolenic acid (ALA-18:3n-3) and
linoleic acid (LA-18:2n-6) have a major impact on
various metabolic functions in the human body,
i.e. inflammatory and anti-inflammatory functions
of metabolic products of these acids (Simopoulos
2002).

Furthermore, it is known that the present use of
fish oil as a dietary fat source for aquaculture
feeds, as well as a source of n-3 LC-PUFA for
human consumption pharmaceuticals and other
uses, is not managed in a sustainable way (Turchi-
ni, Torstensen & Ng 2009; Tacon & Metian
2013). Within the next decade, some alternative
ways for the feeding of aquaculture fish need to be

© 2015 John Wiley & Sons Ltd
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developed to counteract the increasing demand for
other applications as well as the increasing costs
for feeds containing fish oil. Most likely, land-based
(plant) sources will be used for replacing tradi-
tional fish oil (Pickova & Merkere 2007). Many
studies focused on fish oil replacement have been
carried out both in freshwater and marine fish spe-
cies (Bell, McEvoy, Tocher, McGhee, Campbell &
Sargent 2001; Tocher 2003; Mourente, Good &
Bell 2005; Schulz, Knaus, Wirth & Rennert 2005;
Morkore 2006; Pettersson, Pickova & Brannas
2009). As vegetable oils, such as linseed (flaxseed),
rapeseed (canola) or sunflower oil contain mainly
18 carbons precursors of both n-3 and n-6 LC-
PUFA, this will be reflected in the FA composition
of the fish. However, some fish species, especially
from freshwater, are able to convert the short
chain precursors towards the LC-PUFA via several
metabolic pathways (Tocher, Carr & Sargent
1989). In addition, earlier research has shown
that there are some possibilities to increase this
conversion in fish by dietary biological active com-
pounds (Trattner, Pickova, Park, Rinchard & Da-
browski 2007). One good candidate of such
compound is sesamin (Pickova 2009).

Sesamin is a natural lignan present in sesame
seeds and oil in relatively high amounts (Moazzami
& Kamal-Eldin 2006). The properties of sesamin as
a lipid modulator have been investigated positively
(increased of PUFA concentration) in mammalian
systems, specifically in rats (Mizukuchi, Umeda-
Sawada & Igarashi 2003; Ide, Hong, Ranasinghe,
Takahashi, Kushiro & Sugano 2004) and in human
lipid metabolism (Jeng & Hou 2005). The use of ses-
amin as a modulator of LC-PUFA composition in
fish was tested successfully on rainbow trout (On-
corhynchus mykiss) (Trattner, Kamal-Eldin, Brannas,
Moazzami, Zlabek, Larsson, Ruyter, Gjoen & Pick-
ova 2008; Vestergren, Trattner, Pan, Johnsson,
Kamal-Eldin, Brannas, Moazzami & Pickova 2013).
In these studies, dietary sesamin supplementation
resulted in a significant increase of elongation and
desaturation processes from ALA to DHA. Also, in
an in vitro study on Atlantic salmon (Salmo salar)
hepatocytes the effect of sesamin on elongation and
desaturation has been proved by Trattner, Ruyter,
Ostbye, Gjoen, Zlabek, Kamal-Eldin and Pickova
(2008) and by Schiller Vestergren, Trattner, Mraz,
Ruyter and Pickova (2011). Alhazzaa, Bridle, Carter
and Nichols (2012) observed the positive influence
of sesamin on total lipid (TL) n-3 LC-PUFA levels in
early juvenile barramundi (Lates calcarifer). The

effect of dietary sesamin in market common carp
was studied by Mraz, Schlechtriem, Olohan, Fang,
Cossins, Zlabek, Samuelsen and Pickova (2010) and
on molecular level by Wagner, Zlabek, Trattner and
Zamaratskaia (2013) or Wagner, Trattner, Pickova,
Gomez-Requeni and Moazzami (2014) for common
carp and Atlantic salmon respectively.

Composition of fatty acids in carp is very
variable (Mraz & Pickova 2011), and its fat con-
tains generally lower levels of n-3 LC-PUFA com-
pared with e.g. salmon. However, there are ways
to significantly increase the proportion of n-3 LC-
PUFA in carp fillet (Mraz, Machova, Kozdk & Pick-
ova 2012; Mraz, Zajic & Pickova 2012; Zajic,
Mraz, Sampels & Pickova 2013). The effect of die-
tary sesamin on the fatty acid metabolism in adult
common carp was found ineffective; however, an
increased expression of genes related to lipid
metabolism was observed (Mraz et al. 2010). How-
ever, the earlier studies on salmonids showing the
positive effects of sesamin (Trattner, Kamal-Eldin
et al. 2008) were carried out on juveniles. Carp
juveniles have slightly different requirements on
essential FA in the diet. While the recommended
dosage (% of diet) for larval and early juvenile
stages is no less than 0.25% LA and 0.75% ALA
(Radunz-Neto, Corraze, Bergot & Kaushik 1996),
the same recommendation for older juvenile and
pre-adult fish is 1% LA and 0.5-1% LA respec-
tively (Takeuchi 1996). Unlike some other widely
farmed fish (i.e. salmonids), carp has no direct
needs on LC-PUFA presence in the diet. Moreover,
the natural diet of a given species can change sub-
stantially during development, so the ability to
convert C18 PUFA to LC-PUFA can also differ
(Sargent et al. 2002). Hence, our hypothesis was
that due to possible differences in lipid metabolism
of fish of different age (the metabolism of juvenile
fish is known to be faster compared with adults),
sesamin as a lipid modulator might mostly be
effective in juvenile fish. In addition, the feeds used
in a previous study (Mrdaz et al. 2010) contained
some proportion of fish oil and we believe that an
increased presence of the LC-PUFA might inhibit
synthesis. Therefore, no fish oil or defatted fish
meal were used in the present study. A third
aspect influencing the metabolism might be the
proportion of substrate and the ratio of n-3/n-6 in
the diet, because it is known that the same
desaturase and elongase enzymes are active on the
n-3 and n-6 FA series, but due to competition
between the n-3 and n-6 PUFA, a dietary excess
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of ALA will depress the metabolism of LA, and vice
versa (Tocher, Bell, McGhee, Dick & Fonseca-Mad-
rigal 2003).

Therefore, the aim of this study was to investi-
gate the effect of dietary sesamin on the amounts
of LC-PUFA of juvenile carp fed a diet low in LC-
PUFA and with two different n-3/n-6 ratios. In
case we are able to increase LC-PUFA biosynthesis,
sesamin could be used as an effective lipid modula-
tor in feeds for sustainable farming of common
carp with greater fillet quality for consumers.

Material and methods

Fish, diets and experimental design

The carps used in this experiment were taken from
an experimental rearing system (Faculty of Fisher-
ies and Protection of Waters, Vodnany, Czech
Republic). One hundred and forty-four juveniles
were divided into four triplicate groups (CLS, carp
linseed oil+sesamin; CLC, carp linseed oil control;
CMS, carp linseed/sunflower oil+sesamin; CMC,
carp linseed/sunflower oil control) and distributed
randomly into 12 aquaria (100 L) and 12 individ-
uals per tank (8.3 L per fish). The composition of
the experimental diets is presented in Table 1. Diet
ingredients were mixed in a household food mixer.
Oil was gradually added during mixing. Pellets
were produced through a cold extruder and
obtained strips cut manually. The proportion of
used vegetable oils was calculated to achieve dif-
ferent n-3/n-6 ratio (0.32 in CM and 1.21 in CL
group respectively). An adaptation period of
15 days was applied prior the experiment. The
experiment was conducted for 63 days with the
initial weight of fish 53.1 4+ 0.3 g. Fish were fed
by the four experimental diets. The feeding rate
was maintained between 2.5% and 3.5% of the
actual biomass (weighing regularly every 2 weeks)
in the tanks and was divided into three parts dur-
ing a day to ensure all the feed was eaten (fish
were fed by hand). The specific growth rate (SGR)
as well as the feed conversion ratio (FCR) were
calculated for each aquarium (n = 3) in Table 4.
A nutritional composition of diets is shown in
Table 1; the initial fatty acid composition in white
muscle of experimental fish in Table 2.

The experiment was conducted in a recircula-
tion system with mechanical and biological
filtration and UV lamps were used for disinfection.
The water temperature was kept at 22.8 + 0.7°C

Table 1 Formulation and nutritional composition (% of
dry matter) of the experimental diets (CL, CM) with or
without sesamin addition, provided to juvenile common
carp

Ingredients (%) CLs CLC CMs cmMmC
Casein* 16 16 16 16
Gelatine* 1 1 1 1
Fish meal (defatted) 28 28 28 28
Dextrin* 20 20 20 20
CagPos* 4 4 4 4
Potato starcht 16.5 16.5 16.5 16.5
Linseed oil} 13 13 10 10
Sunflower oil} 0 0 3 3
Sodium alginate* 1 1 1 1
Vitamins + minerals§ 0.5 0.5 0.5 0.5
Sesamin (0.58 g 100g~")q 0.58 0 0.58 0
Nutritional composition (% of dry matter)

Crude protein 38.21

Crude fat 13.84

NFE** 37.29

Ash 10.66

Gross energy (MJ kg~ ")+  20.89

*Obtained from VWR International GmbH, Vienna, Austria.
TObtained from Carl Roth GmbH, Karlsruhe, Germany.
1Obtained from local market.

§Vitamins+minerals mixture obtained from Guyokrma, Prague,
Czech Republic.

YSesamin (98% purity) obtained from Kebiotech, Beijing,
China.

**Nitrogen-free extract, NFE = 100 — (protein + lipid + ash +
fibre).

ftCalculated assuming conversion factors of 23.6, 39.5 and
17.2 MJ kg~ for protein, lipid and NFE respectively.
Abbreviations: CLS, linseed sesamin group; CLC, linseed control
group; CMS, linseed/sunflower sesamin group; CMC, linseed/
sunflower control group.

and the photoperiod was constantly 12 h light/
12 h dark. The oxygen content and pH were mea-
sured every day. The NH3/NH,", NO,  and NO;~
content were measured regularly once a week.
The results never excluded a safe range. The FCR
and SGR were calculated, see Table 4.

Sampling

At the start of the experiment, samples of diets were
taken to determine the fatty acid composition
(Table 3). Six individuals were sampled for the
analyses of the initial white muscle fatty acid com-
position in TL, storage lipids (triacylglycerols, TAG)
and membrane lipids (phospholipids, PL) respec-
tively. At the end of the experiments, three carps
per aquarium (total of nine individuals from each
group) were sampled. Fish were anaesthetized by

3828 © 2015 John Wiley & Sons Ltd, Aquaculture Research, 47, 38263836
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Table 2 Initial white muscle fatty acid composition (%
of identified) in total lipid, triacylglycerol and phospho-
lipid fraction of juvenile carp (mean values + SD, n = 6)

Total lipid Phospholipids Triacylglycerols

SFA 305+ 1.3 335+05 28.6 £ 25
MUFA 318+ 36 204 +0.6 455 + 3.2
18:2 n-6 982 +1.0 5.17+04 149 £ 1.5
18:3 n-6 ND 0.11 £ 0.0 0.44 + 0.1
20:2 n-6 047 £ 0.0 0.64 +0.1 0.26 + 0.0
20:3 n-6 0.83 £ 0.2 1.29 + 0.1 0.24 +£ 0.0
20:4 n-6 435 +1.1 829 +04 0.43 + 0.1
22:4 n-6 0.36 = 0.1 0.61 + 0.1 ND

n-6 PUFA 158 £ 04 16.1 £0.5 16.2 + 1.6
18:3 n-3 0.85 +0.2 0.24 +0.0 1.54 + 0.0
18:4 n-3 058 £ 0.2 0.14 + 0.1 1.20 £ 0.3
20:4 n-3 ND 0.16 + 0.0 ND

20:5 n-3 458 £ 0.5 526+ 04 2,63 £ 0.6
22:5n-3 1.68 + 0.2 2.40 + 0.1 0.68 =+ 0.1
22:6 n-3 141 +£21 219+07 3.50 £ 0.9
*n-3PUFA 218 +22 30.1+02 9.6 +£1.9
n-3/n-6 138 £ 0.1 1.87 £0.1 0.60 + 0.2

SFA, saturated fatty acids incl.: 12:0, 14:0, 15:0, 16:0, 18:0,
20:0; MUFA, monounsaturated fatty acids incl: 16:1n-7,
18:1n-9, 18:1n-7, 18:1n-5, 20:1n-9; PUFA, polyunsaturated
fatty acids; ND, not detected.

clove oil, measured, weighed, killed and filleted. The
left fillets were packed, marked and immediately
frozen in liquid nitrogen. All collected samples were
stored in —80°C until further analysis.

Lipid extraction and separation of lipid classes

The fillets were thawed, de-skinned, the belly
flap as well as the red muscle strip was removed
by a scalpel and the white muscle was briefly

homogenized on a table cutter. Then 1 g of the
representative sample was taken for analysis. The
lipids were extracted with hexane-isopropanol
(3:2) according to Hara and Radin (1978) with
slight modifications described in Zajic et al. (2013).

The total fish lipids were fractionated on TLC
silica coated plates 20 x 20 cm (MERCK, Darms-
tadt, Germany) by placing the plates with 2 mg
lipid bands in hexane:diethyl ether:acetic acid
(85:15:1, v/v/v) solution for 1 h. The retention
distance of the lipid classes was detected by an
external standard (Nu-Check Prep, Elysian, MN,
USA). The extraction of different lipid classes was
performed following the method of Dutta &
Appelqvist (1989).

Lipid class composition was
described in Zajic et al. (2013). Samples were
applied with Camag ATS 4 automatic TLC sampler
(CAMAG, Muttenz, Switzerland), the lipid classes
were separated with ADC 2 automatic developing
chamber. Different classes of lipid (PLs, CHOL — cho-
lesterol, MAG — monoacylglycerols and TAG) were
identified with a TLC scanner 4 by comparison with
standard mixture 18-5C (Nu-Check Prep).

measured as

Preparation of fatty acid methyl esters

The samples were methylated according to Appelg-
vist (1968). First, 0.01 M NaOH in dry methanol
were added to each tube. Next, BF; (14% boron
trifluoride-methanol complex) were added (esterifi-
cation). Then, 20% NaCl and hexane were added.
The fatty acid methyl esters phase was transferred
into new test tubes and evaporated under nitrogen

Table 3 Fatty acid composition (%

of identified) of experimental diets CcL cm

for juvenile carp containing differ- % of total % of total

ent vegetable oils as the lipid fatty acids % of diet fatty acids % of diet

sources (mean =+ SD, n = 3/group)
2 SFA 10.6 + 1.10 1.19 + 0.04 11.3 £ 0.60 1.27 + 0.04
YMUFA 21.5 + 2.00 2.39 + 0.07 241 + 1.60 2.70 + 0.07
18:2 n-6 30.7 + 3.30 4.09 + 0.12 48.9 + 3.30 547 + 0.14
18:3 n-3 36.7 + 3.10 3.42 + 0.09 156.3 + 1.90 1.99 + 0.20
20:5 n-3 0.21 + 0.02 0.03 £+ 0.01 0.24 + 0.00 0.03 £+ 0.00
22:6 n-3 0.44 + 0.10 0.05 + 0.01 0.48 + 0.10 0.06 + 0.01
2 PUFA 67.9 £ 5.10 7.56 + 0,21 64.6 + 4.70 7.23 +£0.18
n-3 37.4 +£2.80 3.47 +£ 0.10 156.7 £ 1.10 1.76 + 0.04
n-6 30.7 + 3.30 4.09 + 0.12 48.9 + 4.00 547 + 0.14
n-3/n-6 1.21 £ 0.10 0.32 + 0.10

SFA, saturated fatty acids incl.: 14:0, 16:0, 18:0, 20:0, 22:0; MUFA, monounsat-
urated fatty acids incl.: 16:1n-7, 18:1n-9, 18:1n-7, 20:1n-9, 22:1n-11; PUFA,
polyunsaturated fatty acids; CL, group with linseed oil; CM, group with linseed/
sunflower oil mixture.

© 2015 John Wiley & Sons Ltd, Aquaculture Research, 47, 3826-3836
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gas. The dry samples were dissolved in hexane,
vortexed and stored in the freezer at —20°C prior
to GC (gas chromatographic) analyses.

Gas chromatography

Fatty acid methyl esters were analysed in a gas
chromatograph Varian CP3800 (Stockholm, Swe-
den) equipped with a flame ionization detector and
split injector and fitted with a 50 m length x
0.22 mm i.d. x 0.25 pm film thickness BPX 70
fused-silica capillary column (SGE, Austin, TX,
USA). The samples were injected by a CP8400 auto
sampler with a split ratio of 1:10. The column tem-
perature was programmed to start at 158°C for
5 min, then increased by 2°C min~! from 158 to
220°C and remained in 220°C for 8 min. The car-
rier gas was (22 em s b,
0.8 mL min~'). The makeup gas was nitrogen. The

helium flow rate
injector and detector temperatures were 230 and
250°C respectively. Fatty acids were identified and
their retention times were determined by comparing
the peaks to those of the standard sample GLC-68 A
(Nu-Chek Prep). Peak areas were integrated using
the Star chromatography workstation with soft-
ware version 5.5 (Varian).

Statistical analysis

All statistical analyses were performed using the
Statistica CZ 12.0 software package (StatSoft CR,
Prague, Czech Republic). Data are presented as
mean and SD. Significant differences between
groups within the same diet lipid source were tested
using the Student’s t-test. One-way anova followed
by Tukey’s HSD test was used where needed. Differ-
ences were assumed to be statistically significant at
P < 0.05.

Results

Fish growth

Only minimal mortality was observed during the
experiment, which was caused by the escape of
one fish from the group CLC. Fish from the sesam-
in groups (CLS, CMS) showed on a trend
(P <0.11) towards higher SGR compared with
those without sesamin (CLC, CMC), but these
differences were not statistically significant. There
were no differences in the final weight among the
groups, neither due to the used vegetable oil

(linseed or sunflower/linseed) nor to the added ses-
amin. Also, no significant difference in the final
FCR was observed (Table 4).

Fat content and fatty acid composition

The lipid content in the white muscle was
0.78 + 0.14% at the beginning of the experiment
and the final content was 0.90 + 0.14%,
0.89 + 0.21%, 0.88 £ 0.16% and 0.96 + 0.19%
for CLS, CLC, CMS and CMC group respectively.
No significant differences were seen. The different
oil and the addition of sesamin to the feeds did
not cause any changes in the white muscle lipid
content of juvenile common carp. During the
experiment, there was no evidence of any positive
significant effect of added sesamin on the TL LC-
PUFA content in the white muscle of experimental
fish (Table 5). The influence of the dietary fat
source and the n-3/n-6 ratio respectively was visi-
ble between the groups with different vegetable oil
as a lipid source. The n-3/n-6 ratio in the diet
was clearly reflected in the final ratio in the TL
fraction of white muscle. The higher value of sun-
flower oil increased the LA and the total n-6
PUFA’s content in the fillet. Simultaneously, there
were no significant differences in the fatty acid
composition of the TL fraction between the groups
with the same lipid source with or without sesam-
in addition. The performed anova and Tukey's test
revealed the expected differences in content of li-
noleic and ALAs related to the lipid composition
of the diets. However, Table 5 also shows some
differences between CM and CL groups in the rep-
resentation of fatty acids biosynthesized from C18
precursors. An increased ALA and LA content in

Table 4 Initial and final weight, SGR and FCR of juve-
nile common carp fed the different vegetable oils as the

lipid source and with/without sesamin addition
(mean + SD)

Initial Final SGR

weight (g) weight(g) (% day ') FCR
CLS 532+9.2 1259 £29.3 135+ 0.05 1.49 +0.11
CLC 53.0+ 102 121.0+ 232 1.25+0.12 1.54 +£0.13
CMS 52.8 + 8.3 1189 £ 225 1.35+0.09 1.48 + 0.09
CMC 53.2+ 8.3 1134 £ 249 118 £ 0.15 1.45 +0.12

For abbreviations of group names see Table 1. Specific growth
rate (SGR) = (In final weight — In initial weight)/days*100;
Feed conversion ratio (FCR) = (final weight — initial weight)
*ingested feed.
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diets resulted in a higher biosynthesis of their cor-
responding LC-PUFA derivatives in TL, PLs as well
as TAG of white muscle at the end of the experi-
ment. These differences are namely in 18:3n-6,
20:2n-6 and 20:3n-6 from n-6 series and 18:4n-
3, 20:4n-3, 20:5n-3 and 22:5n-3 from n-3 series
respectively. However, there was no difference in
the DHA content in TLs between CM and CL
groups.

In the storage lipids (TAG) fraction (Table 5),
the content of 20:4n-3, EPA as well as the de-
saturation index n-3 LC-PUFA/18:3n-3 decreased
significantly in group CMS compared with CMC.
On the contrary, we observed significantly higher
representation of 18:3n-6 in CMS compared with
CMC. In the groups fed linseed oil only, the
DHA content was significantly lower in the ses-
amin group (CLS) compared with the group
without sesamin supplementation (CLC). There
was no difference in the content of SFA and
MUFA, and there was a similar tendency for the
LA and ALA derivatives in the TAG fraction as
in TLs.

Very similar results were also found in the
membrane lipids (PL), however with two excep-
tions. There was a significantly (P < 0.05) lower
content of SFA in the CLC group compared with
CLS and a higher representation of EPA in the
CLC group. However, the first derivative (18:3n-6)
from LA does not differ significantly and the same
applies to the content of n-3 DPA.

800 - BCLS SCLC
600 -
=
=T}
S 400-
=] .
E N
200 -
0 u

PL

Figure 1 Lipid classes composition (mg 100g !

CHOL

Representation of lipid classes

Four different lipid classes could be identified in
the white muscle of juvenile carp at the beginning
of the experiment — PL (278 + 17 mg 100g™ "),
CHOL (164 + 5 mg 100g™ 1), MAG (15 + 3 mg
100g™ 1) and TAG (318 + 133 mg 100g™!). How-
ever, after 63 days of feeding only three classes
could be separated and identified (PL, CHOL and
TAG). We did not find any significant differences
in the proportion of the TAG fraction between the
different groups. However, there was a trend
(P <0.12 for CMS vs. CMC; P < 0.14 for CLS vs.
CLC) for a higher proportion of TAG in both con-
trol groups compared with those fed sesamin. Stu-
dent’s t-test revealed a significantly lower
proportion of PL in the CMS group compared with
CMC. On the other hand, the white muscle of fish
from the CMS group contained significantly more
CHOL than the CMC group (Fig. 1).

Discussion

The present study describes the effects of dietary
sesamin on FA composition of white muscle of
juvenile common carp. The experimental carps
originated from earth ponds with full access to
natural feed (plankton and benthos). Therefore,
their initial FA composition largely reflected the
composition of natural feed (Domaizon, Desvilettes,
Debroas & Bourdier 2000) and was altered by the

ECMS ECMC

.

TAG

white muscle) of juvenile common carp fed the diets with different

vegetable oils as the lipid source and with/without sesamin addition (mean values + SD, n = 8). Abbreviations:
CLC, linseed oil group without sesamin; CLS, linseed oil group with sesamin; CMC, mixture of linseed/sunflower oil
group without sesamin; CMS, mixture of linseed/sunflower oil group with sesamin; PL, phospholipids; CHOL, choles-
terol; TAG, triacylglycerols; *significant difference (P < 0.05) between the groups with the same lipid source and
with/without sesamin.
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lipid source of the experimental feed (linseed or a
mixture of linseed and sunflower oils).

The white muscle was studied to recognize pos-
sible changes in this tissue. The reason for this is
its low and relatively stable lipid content due to
the higher proportion of PL compared with the
whole fillet with red muscle and belly flap respec-
tively (Mraz & Pickova 2009). In addition, similar
studies have been performed on white muscle
(Trattner, Kamal-Eldin et al. 2008; Mraz et al.
2010; Vestergren et al. 2013). The juvenile fish
used in the present study are not aimed at direct
human consumption and therefore there is no
direct need to analyse all the edible parts. Sesamin
in the diet did not significantly affect the perfor-
mance parameters (SGR, FCR), i.e. similar to Mraz
et al. (2010) for carp or Alhazzaa et al. (2012) for
barramundi. However, the FCR value was rela-
tively high, probably due to the lab scale diet prep-
aration. On the other hand, the experimental fish
did not exhibit any health problems and the diet
preparation was the same in all groups, hence it
was taken as comparable.

Besides the effect of sesamin on FA composition,
this experiment confirmed previous findings
(Tocher et al. (1989) that carp is able to transform
LA and ALA to a corresponding LC-PUFAs. The
degree of this biosynthesis is dependent on the
presence and amount of precursors in the diet.
Simultaneously, the results show that the preva-
lent amount of LA causes an increased production
of n-6 LC-PUFA and, vice versa, if the predomi-
nant precursor is ALA, then mainly n-3 LC-PUFA
are formed. This is confirmed by the fact that
white muscle of carp from CM groups contained
significantly higher levels of LA products — 18:3n-
6, 20:2n-6 and 20:3n-6 respectively (Table 5), in
TL compared with the groups CL (whether with or
without sesamin addition). On the other hand, in
carps from CL groups (with higher levels of ALA
in the diet), we detected significantly higher
amounts of n-3 LC-PUFA — 18:4n-3 and 20:4n-3
in both CLC and CLS groups, as well as 20:5n-3
and 22:5n-3 in the CLC group. Similar results
were achieved in both TAG and PL lipid fractions
respectively.

An increase of LC-PUFA was observed despite
the fact that carps had a significant excess of C18
precursors in the diet compared with minimal
nutrition requirements (Radunz-Neto et al. 1996)
which is inconsistent with Csengeri (1996), who
stated that the rate of de novo fatty acid synthesis

is inhibited at the substrate level by the adminis-
tration of PUFA in the diet. In summary, as the
minimal requirement for LA and ALA is 0.25%
and 0.75% of the diet respectively (Radunz-Neto
et al. 1996), even a lower amount of dietary C18
PUFA could be suggested. It is possible that the
amount of both C18 PUFA as well as LC-PUFA
has to be altered to obtain a higher conversion.

In addition, this study was designed to confirm
or refute some of the hypothesis evolving from a
previous experiment on common carp. Mraz et al.
(2010) suggested that sesamin inefficiency in adult
carp may be due to the several possible explana-
tions:

(1) An evolutionary aspect, assuming that cypri-
nids, as herbivorous or omnivorous species,
have some differences in their lipid metabo-
lism compared with carnivore species and
therefore the dietary sesamin has no effect on
the enzymes involved in the LC-PUFA biosyn-
thesis. Contrary to carp, salmonids or barra-
mundi, where sesamin showed to enhance
elongation and desaturation of 18:3n-3
(Trattner, Kamal-Eldin et al. 2008; Trattner,
Ruyter et al. 2008; Alhazzaa et al. 2012), are
carnivorous. The previous studies as well as
our present results so far confirm this hypoth-
esis and we believe that sesamin has only a
little (non-significant) or no effect on white
muscle FA composition of common carp.

(2) The presence of EPA and DHA in the diet
may suppress the activity of the enzymes
included in de novo biosynthesis of n-3 LC-
PUFA. This hypothesis has been already con-
firmed, i.e. for Eurasian perch (Perca fluviatilis)
(Bell et al. 2001; Blanchard, Makombu & Ke-
stemont 2008). However, Mraz et al. (2010)
used diets containing approximately 3.9%
and 3.3% of EPA and DHA respectively.
Therefore, we used defatted fish meal in the
present study as a protein source in the
experimental diets formulation in combination
with linseed oil as a source of the n-3 LC-
PUFA precursor ALA to verify this hypothesis.
Nevertheless, the almost complete absence of
EPA and DHA in the diet (approximately
0.2% EPA and 0.5% DHA respectively, see
Table 3) did not seem to result in an
increased synthesis towards LC-PUFA in this
study. Either the amount of available LC-
PUFA precursor or the ratio between n-6 and
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n-3 FA did not affect the final LC-PUFA repre-
sentation in juvenile carp. Based on our
results, both the presence or absence of n-3
LC-PUFA in the diet as well as the proportion
of precursor seem to be marginal in the case
of common carp exposed to dietary sesamin.

(3) The effect of the age and size of the fish.
Trattner, Kamal-Eldin et al. (2008) used rain-
bow trout of an average weight of 31-55 g,
while Mraz et al. (2010) used carp in the
market size of 800-1700 g in his experiment.
On the other hand, Wagner et al. (2013) in
their experiment studied the effect of sesamin
in adult Atlantic salmon with an average
weight 1660 g which is a totally comparable
weight as used in the study of Mraz et al.
(2010). However, to test the hypothesis of,
and effect of age and size, we used juvenile
carps with an average weight around 50 g in
the present study. Contrary to the results of
Trattner, Kamal-Eldin et al. (2008) or Alhaz-
zaa et al. (2012), there was no major influ-
ence of dietary sesamin on the lipid
metabolism of juvenile carp.

(4) The chemical structure of the sesamin. Tratt-
ner, Kamal-Eldin et al. (2008), Trattner, Ruy-
ter et al. (2008) and Kushiro, Masaoka,
Hageshita, Takahashi, Ide and Sugano (2002)
used an equimixture of sesamin/episesamin,
on rainbow trout, salmon and rats respec-
tively, while in the previous study on carp
(Mraz et al. 2010) and on rainbow trout
(Schiller Vestergren, Wagner, Pickova, Ro-
senlund, Kamal-Eldin & Trattner 2012) as
well as in the present study, only pure sesam-
in was used. However, the efficiency of the
sesamin itself was demonstrated by Alhazzaa
et al. (2012), who simultaneously refuted the
hypothesis that sesamin could be active at
low temperatures only, because their study
was focused on warm-water barramundi and
the dietary sesamin increased the amount of
n-3 LC-PUFA in TLs up to 25%. Episesamin,
which has been reported as a stronger lipid
modulator compared with sesamin (Jeng &
Hou 2005) should most likely be used in fish
evolutionary resist (omnivorous and herbivo-
rous), such as common carp.

In summary, our results in comparison with the
available literature data thus far support the
hypothesis of Mraz et al. (2010) that sesamin

might affect the lipid metabolism only in carnivo-
rous species, such as barramundi, as mentioned
above. We conclude that dietary sesamin most
likely does not affect the n-3 LC-PUFA biosynthesis
in common carp. The rational is most likely the
evolutionary efficiency of omnivorous fish species
to convert essential PUFA into their higher homo-
logues in normal conditions as well as a subopti-
mal fatty acid composition of the diets in this
study.
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Abstract OBJECTIVES: Fish is the major source of n-3 polyunsaturated fatty acids (n-3
PUFA) which are well known to have positive effects in prevention of cardiovas-
cular diseases. This study investigated the possibility to produce common carp
with defined flesh quality using finishing feeding strategy and predict changes of
fillet FA by a dilution model.

METHODS: During the 110-day experiment, fish were fed diets with two different
vegetable oils (rapeseed/linseed blend, VO; olive oil, OO) only, or with a subse-
quent fish oil (FO) finishing treatment for 30 or 60 days. Fillet FA composition was
measured and data were compared to the ones predicted by the dilution model.
RESULTS: The FO finishing treatment resulted in the higher percentage of SFA
(from 19.1% to 23.6%; p<0.001), MUFA (from 46.8% to 51.9%; p<0.001), n-3
PUFA (from 3.6% to 7.4%; p<0.001) and lower n-6 PUFA (from 30.5% to 16.9%;
p<0.001) and n-6/n-3 ratio (from 8.7 to 2.3; p<0.001) in groups previously fed the
VO diet and in lower MUFA percentage (from 67% to 63%; p<0.001) and n-6/n-3
ratio (from 8.2 to 2.8; p<0.001) and higher n-3 PUFA percentage (from 1.5% to
4.5%; p<0.001) in group previously fed the OO diet. The dilution model gave a
good prediction for fillet FA changes (slope of the regression line 0.97-1.00; R2
value of 0.992-0.996).

CONCLUSION: The finishing feeding strategy is suggested for production of com-
mon carp with a required flesh FA composition for purposes of special nutritional
needs, especially for primary and secondary prevention of cardiovascular disease.

Abbreviations: HUFA - highly unsaturated fatty acids (20 > carbons,
DHA - docosahexaenoic acid (22:6n-3) 3 = double bonds)
EPA - eicosapentaenoic acid (20:5n-3) MUFA - monounsaturated fatty acids
FA - fatty acids 00 - olive oll
FAME - fatty acid methyl esters PUFA - polyunsaturated fatty acids
FO - fish oil SFA - saturated fatty acids
VO - vegetable oil blend (rapeseed/linseed blend)

..................................................................................................
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INTRODUCTION

The n-3 highly unsaturated fatty acids (n-3 HUFA; 20 >
carbons, 3 > double bonds), especially eicosapentaenoic
acid (EPA, 20:5n-3) and docosahexaenoic acid (DHA,
22:6n-3) are beneficial for human health (Mozaf-
farian & Rimm 2006). These fatty acids (FA) play an
important role in biological functions, including brain
development, inflammatory response, homeostasis
and prevention of cardiovascular disease (Calder 2006;
Calder & Yaqoob 2010). Fish is the major dietary source
of n-3 HUFA and worldwide promoted as healthy and
beneficial for human health, especially in prevention of
cardiovascular diseases. Several specific dietary recom-
mendations have been developed related to fish con-
sumption and intake of n-3 FA by nutrition and health
authorities. For the general population, two servings
of fish per week or 250 mg of EPA and DHA per day
are recommended (EFSA 2009). Patients with docu-
mented cardiac heart disease and hypertriglyceridemia
are advised to have daily intake of EPA+DHA even
higher up to 1 and 2-4 g, respectively (Kris-Etherton
2002). However, it is difficult for the public to meet the
nutritional recommendations for the FA by a diet since
the FA composition of fish flesh is highly variable and
influenced by many factors, mainly by feeding (Mraz
& Pickova 2011). Therefore it would be valuable if fish
producers could produce fish with high and defined
content of n-3 HUFA.

Feed sources rich in n-3 HUFA, such as fish oil, are
becoming scarce, while algae and various microorgan-
isms that supply n-3 HUFA are expensive and not yet
available on a commercial scale. Therefore it would be
of great economic and sustainability value if a feeding
strategy could be devised where these feedstuffs are not

Lipids in carp for prevention of CVD

used for the entire feeding period but only for the final
part, thus saving resources. In line with this there is a
need to be able to predict changes of fish FA composi-
tion during the course of feeding.

Such a finishing feeding strategy has been suggested
and developed for carnivorous fish species, including
medium fatty fish species such turbot (Psetta maxima)
(Robin et al. 2003), fatty fish such as Atlantic salmon
(Salmo salar) (Jobling 2003 and 2004b) and lean fish
species such as Atlantic cod (Gadus morhua) (Jobling et
al. 2008) and Murray cod (Maccullochella peelii peelii)
(Turchini et al. 2006). The results so far have been
promising and a finishing feeding strategy for commer-
cial applications has been proposed. The overall conclu-
sions from all these different studies are in agreement
with a general dilution model suggested by Robin et al.
(2003).

Common carp (Cyprinus carpio) is one of the most
cultured fish species in the world (FAO 2008). Thus,
from a worldwide nutrition perspective, a method to
increase the amount of n-3 HUFA in carp fillet is valu-
able. Optimization of the FA composition of carp has
been examined in previous studies (Domaizon et al.
2000; Chen et al. 2011; Mraz et al. 2012; Steffens 1997;
Steffens & Wirth 2007). Mriz & Pickova (2011) con-
cluded that adjusting the lipid composition in the feed
is the most effective tool to achieve the desired n-3
HUFA content. However, previous studies have not
investigated the response of muscle FA composition to
dietary changes and the duration of finishing feeding
period needed to achieve desired changes in n-3 HUFA
content. Therefore the aim of this study was to exam-
ine the applicability of the finishing feeding strategy
in common carp production with defined and tailored
flesh quality for specific needs in human nutrition.
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MATERIALS AND METHODS
Diets

The experimental diets used were based mainly on veg-
etable components (Table 1). No fish meal was used,
in order to avoid high background levels of n-3 HUFA
in the diet. The diets differed only in lipid source. The

Tab. 1.Formulation (g 100g-1), proximate composition (% on as is basis)
and FA composition (% of identified FAs) of the experimental diets.

basal diet contained either a blend of vegetable oils
(VO; rapeseed/linseed 3:2) or olive oil (OO) and the
finishing feeding diet contained fish oil (FO). All diets
were manufactured by extrusion. The proximate and
FA composition of the experimental diets are listed in
Table 1.

Fish and experimental design

Two-year-old common carp (Cyprinus carpio) of the
mirror scaly type with an average weight of 780g were
used for the experiment. The fish were transferred
from an earthen pond to the experimental facility at
the Research Institute of Fish Culture and Hydrobiol-
ogy in Vodnany, Czech Republic. Six fish were sampled
to determine the initial lipid content and composition
(data not shown). The fish were placed in tanks (1 m3)
and divided into 12 groups of 10 fish each. The tanks
were supplied with oxygenated water from a recircu-
lating system after mechanical and biological filtration
(flow 0.1 I s71; dissolved oxygen 7-10 mg 1-1; tempera-
ture 20°C). The water level in the tanks was set to 0.4
m (tank volume 400 1). The fish were subjected to a
light:dark (12h:12h) regime. During the 110-day exper-
iment, the fish groups were fed only VO (110 VO/0
FO), only OO (110 OO/0 FO) or only FO (110 FO con-
trol), or VO or OO with a subsequent 30 or 60-day FO
finishing treatment (80 OO/30 FO, 80 VO/30 FO, 50
VO/60 FO), with duplicate groups for each treatment.
The experimental design is shown in Figure 1. The diets
were supplied by automated continual feeders for 9
hours at a feeding ratio of 1.5% of current biomass. The
fish stock biomass was determined every second week.
Three fish were randomly sampled from each tank after
50, 80 and 110 days for lipid analysis. Samples of the
fillets were immediately frozen in liquid nitrogen and
stored at —80 °C until further analysis.

Lipid analyses were performed as described in detail by
(Mraz & Pickova 2009). In brief, lipids from the fillet
and feed samples were extracted with hexane and iso-
propanol according to Hara & Radin (1978). The FA
were methylated (Appelqvist 1968) and the fatty acid
methyl esters (FAME) were analyzed with a gas chro-
matograph (Agilent Technologies, Santa Clara, CA,
USA) equipped with flame ionization detector and
split injector and fitted with a 50m long x 0.22mm
i.d. x 0.25um film thickness BPX 70 fused-silica cap-
illary column (SGE, Austin, TX, USA) according to
(Fredriksson Eriksson & Pickova 2007). The FA were
identified by comparison with a standard FA mixture
(GLC standard 461, Nu-Chek Prep, Elysian, MN, USA)

Vo 00 FO
Vegetable oil  Olive oil Fish oil

Soybean meal 30 30 30
Wheat 18 18 18
Soycomila 15.1 15.1 15.1
Maize 12 12 12
Fish oil 0 0 9
Linseed oil 3.6 0 0
Rapeseed oil 5.4 0 0
Olive ol 0 9 0
Corn glutenb 6 6 6
Wheat germ 5 5 5
Yeast vitex¢ 3 3 3
Aminovitan KPdd 0.6 0.6 0.6
Salt 0.5 0.5 0.5
Limestone 0.4 0.4 0.4
DL-methionined 0.4 0.4 0.4
Dry matter 94.8 95.3 96.9
Protein 34.1 34.4 34.6
Fat 8.5 8.3 8.8
Fiber 35 3.1 3.7
Carbohydrates 44.1 448 44.2 Lipid analysis
Ash 4.6 4.7 5.6
SFAe 11.8 15.5 27.9
MUFAf 31.0 61.1 34.6
PUFA9 57.2 233 37.5
18:2n-6 53.0 21.7 16.2
20:2n-6 0 0 0.3
20:4n-6 0 0 0.3
18:3n-3 4.2 1.7 2.7
18:4n-3 0 0 2.2
20:5n-3 0 0 6.3
22:5n-3 0 0 0.6
22:6n-3 0 0 8.8
n-6/n-3 12.7 13.1 0.8

a ADM (Archer Daniels Midland Company), Olomouc, Czech
Republic; P Bodit Tachov, s.r.o., Stribro, Czech Republi; < Biocel,
a.s., Paskov, Czech Republic; 4 Zavod Biochemickych Sluzeb, s.r.0.,
Slusovice, Czech Republic; € SFA: saturated fatty acids; f MUFA:
monounsaturated fatty acids; 9 PUFA: polyunsaturated fatty acids

and specific retention times. Peak area integration was
performed using Star chromatography workstation
software version 5.5 (Varian AB, Stockholm, Sweden).
The FA were quantified using internal standard methyl
15-methylheptadecanoate (Larodan Fine Chemicals
AB, Malmo, Sweden).
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Dilution model

The data obtained from lipid analyses of fillet tissues
from groups 80 O0O/30 FO, 80 VO/30 FO and 50 VO/60
FO were compared against predicted data calculated
according the dilution model designed by Robin et al.
(2003) and shown in Equation 1, as verified by Jobling
(2004a).

Pp=Pp + [(Py - PR) / (Qr/Qg)] (Equation 1),

where
P = Predicted percentage of a fatty acid at time T
P = Percentage of a fatty acid measured at time T in the

fillet of control fish continuously fed the reference/

finishing diet

P, = Percentage of a fatty acid in the fillet of tested fish
at the beginning of finishing feeding period

Qr = Quantity of total fatty acids in the tested fish at

time T
Q, = Quantity of total fatty acids in the tested fish at the

beginning of the finishing feeding period.

The predicted percentage of specific FA, e.g. EPA ata
specific time point (Py) (in this case the end point after
110 days), was calculated by taking the percentage of
the specific FA measured at time T (110 days) in fish
continuously fed the finishing diet (Py = value for 110
FO control at 110 days) and the corresponding percent-
age in the other experimental groups (80 OO/30 FO, 80
VO/30 FO or 50 VO/60 FO) at time point P, (50 or 80
days), directly before the finishing feeding period. Q,
was taken as the average total FA content (lipid content
x body mass) of the experimental fish before the finish-
ing feeding period and Qr as the final total FA content
of fish from the corresponding group at the end of the
experimental period. All values represent the mean of
six replicates (three fish per duplicate tank).

Statistical analysis

Where applicable (n>2), all data are presented as mean
values * standard deviation (SD) and differences were
regarded as significant at p<0.05. The SAS General
Linear Model (GLM), Tukey's test (SAS Institute Inc.,
Cary, NC, USA, version 9.2) was used to compare fillet
FA composition among the dietary treatments.

RESULTS

Survival, growth and feed conversion data for the dif-
ferent groups are presented in Table 2. The fillet lipid
content was not affected by any dietary treatment over
the course of the feeding trial (p>0.05). The final fillet
lipid content varied between 9-10% at the end of the
trial.

Replacing OO or VO with FO as the lipid source in
the diet of common carp resulted in fillets with clearly
different FA profiles (Figure 2). In the groups previously
fed the VO diet the percentage of SFA (from 19.1%
to 23.6%; p<0.001), MUFA (from 46.8% to 51.9%;
p<0.001), n-3 PUFA (from 3.6% to 7.4%; p<0.001), EPA
(from 0.36% to 1.53%; p<0.001) and DHA (from 0.71%

Lipids in carp for prevention of CVD

to 3.16%;p<0.001) were positively correlated to the
length of the FO finishing feeding period while the per-
centage of n-6 PUFA (from 30.5% to 16.9%; p<0.001)
and the n-6/n-3 ratio (from 8.7 to 2.3; p<0.001) were
negatively correlated. In the group previously fed the
OO diet, the finishing treatment resulted in a lower per-
centage of MUFA (from 67% to 63%; p<0.001), a lower
n-6/n-3 ratio (from 8.2 to 2.8; p<0.001) and a higher
percentage of n-3 PUFA (from 1.5% to 4.5%; p<0.001),
EPA (from 0.24% to 0.84%; p<0.001) and DHA (from
0.49% to 1.54%; p<0.001). The percentages of EPA and
DHA both increased linearly with cumulative FO con-
sumption (R2 value >0.99) (Figure 3).

Although the fillet FA composition (Figure 2)
changed significantly in response to the dietary FA com-
position (Table 1), the FA composition in the fillet did
not reach that in the feed. The most obvious differences
were seen in percentage of MUFA and PUFA (Figure 2
and Table 1). The percentage of MUFA in the VO and
FO diet was 31% and 35%, respectively. The percentage
of MUFA was considerably higher in the fillet, varying
between 47% and 54% (p<0.001). The PUFA content in
the VO and FO diet was 57% and 38%, respectively, but
the corresponding values in the fillet were significantly
lower and varied from 20% to 34% (p<0.001).

At the end of the experiment, the observed FA com-
position in the fillet samples from fish receiving the
finishing feed (80 OO/30 FO, 80 VO/30 FO and 50
VO/60 FO) was compared against the values predicted
using the dilution model designed by Robin et al. (2003)
(Figure 4). The data showed that the dilution model
gave a good prediction for the 10 most important FA
or FA groups in the fillet of common carp, with a slope
of the regression line close to 1 (0.97, 0.99 and 1.00,
respectively) and with an R? value of 0.996, 0.993 and
0.992, respectively. Similar regression statistics were
obtained for all FA identified (data not shown).

DISCUSSION

This study investigated possibility to produce common
carp with defined flesh quality (high content of n-3
PUFA, EPA, DHA) for prevention of cardiovascular

Tab. 2. Fish performance (data presented are mean of duplicate
values).

Survival Final body  Feed conversion
(%) weight (g) (kg feed kg yield-")
110VO/0 FO 100 1610 1.76
80VO/30 FO 95 1466 1.96
50 V0O/60 FO 100 1407 1.73
110 00/0 FO 100 1648 1.57
80 00/30FO 100 1491 1.74
110 FO control 95 1624 1.69

Abbreviations: VO, vegetable oil mixture; FO, fish oil; OO, olive oil
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diseases using finishing feeding strategy and predict
changes of fillet FA by a dilution model.

In the present study, the fillet FA composition
highly reflected the FA composition of the diet and
was significantly correlated to the length of the feed-
ing period. This agrees with previous findings that it
is possible to boost the content of beneficial EPA and
DHA in fish fillet by n-3 HUFA supplementation prior
to harvest (Bell et al. 2004; Torstensen et al. 2005, re
Atlantic salmon; Benedito-Palos et al. 2009, re gilthead
sea bream; Steffens 1997; Steffens & Wirth 2007, re
common carp; Turchini et al. 2006, re murray cod).

However, when the dietary composition was used as
the reference value for prediction of the FA composition
in the groups continuously fed the same diet (110 FO
control, 110 VO/0 FO and 110 OO/0 FO; Figure 5) the
observed percentage of MUFA were significantly higher
than the predicted values (p<0.001) while percentage
of PUFA were significantly lower (p<0.001). This could
indicate that the carp synthesized a significant amount
of MUFA de novo from excess energy, or that MUFA
are the preferred FA group for storage in common carp.
This is supported by the fact that regardless of the low
amount of MUFA in the natural and supplemented diet
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of carp, MUFA is the major FA group stored in carp
fillet and is probably produced from energy obtained
from cereals (Buchtova et al. 2010, Mraz et al. 2012).

Using the dilution model proposed by Robin et al.
(2003) showed to give an excellent prediction of the FA
composition in fillet of carp of marketable size. This
confirms previous findings for carnivorous fatty fish
species such as Atlantic salmon (Jobling 2003), where
the lipids are predominantly represented by storage
fat (triacylglycerols). The dilution model is clear in its
straightforwardness and can therefore be applicable for
fish farmers, enabling production of high quality fish as
well as minimizing the use of expensive feed. A small
disadvantage is that the model does not account for the
FA composition of the feed used, but for the FA compo-
sition in the fillet of fish continuously fed the finishing
diet, which is hence needed as a reference value. How-
ever if the reference value has been established for a
species and diet once it might be used continually.

The European Food Safety Authority recommends
a daily intake of 250 mg EPA+DHA per person (EFSA
2009) and two servings of oily fish per week. A 200 g
serving of carp from the 110 FO control and 110 VO/0
FO group contained 1190 mg and 180 mg EPA+DHA,
respectively. According to the predictions by the dilu-
tion model and experimental values obtained here, we
concluded that the finishing feeding treatment needs
to be applied for 70 days to achieve the recommended
daily value of 250 mg EPA+DHA in two 200 g servings a
week (250 mg x 7 days = 1750 mg/2 servings = 875 mg/
serving). Reducing FO feeding to this shorter period
would significantly reduce fish production costs and
lead to more sustainable use of limited FO resources.

Currently common carp is mostly produced in
ponds on the basis of natural feed (plankton and ben-
thos) with cereal supplementation. Since there are huge
differences in natural productivity among ponds there
is also a huge variability of FA composition in carp flesh
(Mraz & Pickova 2012). As a consequence there is no
standard of quality which makes it difficult to advertise
carp as a healthy product. The finishing feeding strat-
egy could therefore be used in production of carp with
defined flesh quality to fulfill dietary needs for humans,
especially in connection to cardiovascular recovery.
Fish farmers could easier control the final carp flesh
quality and produce fish with standardized and tailored
quality. In line with this they could declare the con-
tent of n-3 PUFA and EPA+DHA on the product label
which could increase the market value of carp and sup-
port consumption of this locally produced fish. From
the consumers point of view this would be desirable as
they thereby could easier meet the nutritional recom-
mendations. It would also be easier to set up dietary
interventions using carp in prevention and treatment of
cardiovascular diseases.

In conclusion, the finishing feeding strategy is sug-
gested for the production of common carp with tailored
flesh FA composition, for contributing to healthy fat

Lipids in carp for prevention of CVD
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profile of e.g. EPA and DHA content, for cardiovascular
disease prevention of the Central Europe population.
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Purging is a very important part of the rearing process for common carp (Cyprinus carpio L.) in Central Europe
and is commonly conducted between October and December. Fish are kept in clear water without feeding in
order to empty the gut, decrease the entrail proportion and eliminate possible tainted flavour. This leads to
weight loss and stored fat mobilisation. This study investigated the effect of a purging period of up to 70 days
on lipid content and quality of common carp flesh. Four-year-old, market-size carp (weight 1700-2600 g)
from three different production systems (C: cereal supplemented; P: linseed/rapeseed pellet supplemented;

Iéz}r;‘;‘;?sms' N: natural feed) were sampled every 14 days for weight, fillet yield and lipid analysis. Fillet yield was highest
Fatty acid metabolism after 14 days and decreased thereafter. Throughout the experiment, fillet fat content decreased continuously
Linseed in groups C and P, but remained stable in group N. Initially, carp from groups C and P mainly metabolised mono-
Long-chain n—3 unsaturated fatty acids (MUFAs), but with prolonged starvation fish from all groups started to metabolise more
Natural diet polyunsaturated fatty acids (PUFAs). After 70 days of purging, all groups showed almost identical saturated FA
Rapeseed (SFA), MUFA and PUFA values. Our conclusion is that carp are able to metabolise selected FA for their energy

needs when they are in good condition and have surplus fat stores. However, when body fat content is low,

they may metabolise all FA types equally to sustain metabolic functions.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Common carp (Cyprinus carpio) is one of the most commonly reared
fish globally, with a production volume of around 3000000 tons annu-
ally (FAO, 2010). Carp for consumption in Central Europe are tradition-
ally harvested during late autumn and kept in concrete coated ponds
with fresh water flow for some weeks before being sold, a process
known as purging. During this time the fish are not fed, so that the di-
gestive tract is emptied and unpleasant odours are eliminated (Einen
et al,, 1998). Purging is necessary to achieve good product sensory qual-
ity. Common carp in natural conditions decrease feeding and activity
with decreasing water temperature in winter to save energy. The opti-
mal temperature range for carp is 20-28 °C, and in general carp stop
feeding in the range 12-4 °C and stop movement at water temperatures
below 6-4 °C in natural conditions (Bauer and Schlott, 2004).

In preparation for the winter starvation period, carp naturally store
fat as reserve energy in muscle and abdominal wall tissues, mainly in

Abbreviations: BFs, boron trifluoride methanol complex; CF, condition factor; DHA,
docosahexaenoic acid; EPA, eicosapentaenoic acid; FA, fatty acid; FFA, free fatty acid;
FAME, fatty acid methyl ester; MUFA, monounsaturated fatty acid; PL, phospholipid;
PUFA, polyunsaturated fatty acid; SFA, saturated fatty acid; TAG, triacylglycerol; TLC,
thin layer chromatography.

* Corresponding author. Tel.: 4420 387 772 739.
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0044-8486/$ - see front matter © 2013 Elsevier B.V. All rights reserved.
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the form of energy-rich triacylglycerols (TAGs). During the winter star-
vation period these TAG reserves are metabolised gradually for mainte-
nance of the organism (Csengeri, 1996).

Lipids have an important function as an energy source in the body
(McCue, 2010). Different fatty acids (FAs) also have metabolically im-
portant functions in the body, and are involved in the determination of
the physical and chemical properties and capacities of biological mem-
branes (Wiseman, 1996). They also serve as precursors in the synthesis
of several different chemical messengers and eicosanoid hormones, as
well as other regulating factors (Horrobin, 1995; Kinsella, 1988). In
general, TAG serves mainly as an energy source, whereas phospholipids
(PLs) are mainly constituents of biological membranes (Sargent et al,,
1999).

Under semi-intensive rearing conditions, carp have access to natural
feed (plankton and benthos) in the pond and are also fed a supplement,
often cereals. While cereals are rich in carbohydrates with moderate
levels of fat and n—6 polyunsaturated fatty acids (PUFAs), plankton
and benthos contain high amounts of n—3 PUFA (Bell et al,, 1994;
Domaizon et al., 2000). The carbohydrate-rich diet leads to a high mus-
cle fat content (Mraz and Pickova, 2009), more than 10% in intensively
reared carp (Keshavanath et al, 2002), by de novo synthesis of FA
(Henderson, 1996). In addition, cereals contain n—6 PUFA, which are
generally not present in the natural diet of fish in such amounts and
therefore affect the lipid composition of fish tissues. Mraz and Pickova
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(2009) suggested that cereals cause an increase in n—6 PUFA in carp,
while the proportions of n—3 PUFA decrease. Mraz et al. (2012) studied
the effect of three different production systems (supplementation with
cereals or pellets containing rapeseed cake, and a natural diet only) on
lipid composition in common carp and found a significantly higher con-
tent of n—3 PUFA in fish fed rapeseed pellets compared with fish fed
cereals. This and other studies (Pickova and Merkere, 2007; Runge et
al,, 1987; Schwarz, 1996) indicate the possibility of influencing fish lipid
composition towards a higher content of n—3 PUFA, which is favourable
from a human nutrition perspective (Calder and Yaqoob, 2009; Leaf and
Weber, 1987; Simopoulos, 2002, 2008).

However, few previous studies have examined changes in lipid con-
tent and FA composition during the purging period of common carp.
Csengeri (1996) and Vacha et al. (2007) observed some changes in FA
composition during a long-lasting purging period in carp supplemented
with different cereals. There was a slight increase in n—3 PUFA in the
groups fed cereal, while n—3 PUFA decreased in the control group
kept in natural conditions without supplemental feeding before purg-
ing. In a study on common carp, Csengeri (1996) concluded that mono-
unsaturated fatty acids (MUFAs), especially oleic acid (18:1 n—9), are
mainly utilised for energy production during prolonged starvation,
while PUFAs are partly preserved. Similar results have been published
for other fish species, for example channel catfish (Ictalurus punctatus;
Luo et al., 2009), Atlantic salmon (Salmo salar; Einen et al., 1998), Mur-
ray cod (Maccullochella peelii peelii; Palmeri et al., 2008a, 2009a) and
hybrid red tilapia (Oreochromis mossambicus x O. niloticus; De Silva
et al, 1997). Different reduced feed ratio levels in rainbow trout
(Oncorhynchus mykiss) were studied by Kiessling et al. (1989), who
found that higher diet restriction resulted in higher n—3 PUFA percent-
age in fish flesh. Decreased muscle fat content has been reported in
brown trout (Salmo trutta) starved for 2 months (Regost et al., 2001).

Previous studies suggest that the lipid content and composition of
the edible parts of different fish species are affected during starvation
(Palmeri et al., 2008b, 2009b; Thanuthong et al., 2012). In addition, pre-
vious nutrition most likely plays an important role in the changes
(Tucker, 2000). The aim of the present study was to explore the effect
of purging on fillet fat content and FA composition in common carp
from three different production systems — supplementation with cereal;
supplementation with rapeseed/linseed pellets; and natural feed only.

2. Materials and methods
2.1. Experimental design

Duplicate groups of 4-year-old, market-size common carp were
reared in three different production systems for one season (April-

September) in the experimental unit of the Faculty of Fisheries and
Protection of Waters in Vodnany, Czech Republic. The production
systems involved three different types of feed: natural feed only (N);
supplementation with cereal (C) and supplementation with rapeseed/
linseed pellets (P). Each treatment was carried out in two ponds to bal-
ance the effect of the pond environment.

After harvesting, 80 individuals were randomly chosen from each
group, labelled by groups with visible implant elastomer (VIE, Northwest
Marine Technology, Ltd., USA) and placed in a storage pond with contin-
uous inflow of fresh river water. The pond was 8 m x 4 m x 1.3 m
deep, with stony walls and gravel on the bottom. Water temperature
measured with a temperature datalogger Minikin I (EMS, Brno, Czech
Republic) decreased continually during the experimental period
(18.5 °C at the beginning; 2.5 °C at the end; Fig. 1). Dissolved oxygen
(0,) concentration and pH were recorded regularly twice a week (0O,
varied between 6 and 8.5 mg L™'; pH 7.1-7.6). Condition factor (CF)
was calculated on each sampling day as the ratio of individual weight
(W, grams) to body length (BL, cm = distance between edge of the
head and base of tail fin) as:

CF = (w* BL*3) +100.

On days 0, 14, 28, 42, 56 and 70, a subsample of 10 fish from each
group were weighed and 6 fish from each treatment (3 each from the
two ponds of the same treatment) were killed for sampling. The fish
were stunned by a blow to the head and then the gills were cut. A
4 cm wide strip of the fillet (containing white muscle, red muscle
and adipose tissue with skin) was taken from each fish at the same
position, in the fillet behind the dorsal fin. These fillet samples were
packed in aluminium foil and immediately frozen in liquid nitrogen.
All samples were stored at — 80 °C until further analysis.

2.2. Lipid analysis

Strips of fillets with skin were minced in a table cutter to ensure
that all edible parts were represented in the sample analysed. All
chemicals and solvents were purchased from Merck (Darmstadt,
Germany). Lipid extraction was performed according to Hara and Radin
(1978) with minor modifications. Briefly, 1 g of sample was weighed
and homogenised in HIP (hexane-isopropanol 3:2, v/v). The homoge-
nate was transferred to a centrifuge tube and 6.5 mL 6.67% Na,SO, was
added to separate lipid and non-lipid phases. After centrifugation, the
total lipid phase (upper phase) was transferred into pre-weighed tubes
and evaporated under nitrogen (for about 1 h). Total lipid content was
determined gravimetrically.

¥=-0.0091x + 3.5036
R?=10.6935; p<0.001

. ¥p=-0.0067x+3.377
R* = 0.9046; p<0.03

¥n=-0.0043x +3.7033
R*=0.653; p>0.05
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Fig. 1. Condition factor (CF) in carp in the group supplemented with cereals; the group supplemented with rapeseed/linseed pellets; and the group fed natural feed only during the
purging period; P value indicates regression dependence within tested groups during purging period (mean values; n = 10).
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Table 1

Average weight [g] of common carp in groups C, P and N during the purging period (mean + standard deviation; n = 10); actual water temperature [°C] at the sampling times.

Group Days of purging

1 14 28 42 56 70 P value
C 2690 + 178° 2410 + 146° 2400 + 135° 2100 + 116° 2270 + 178° 2160 + 122° <0.001
P 2400 + 176° 2380 + 145° 2330 £ 121° 2170 £ 1122 2190 + 156° 2050 + 124° <0.001
N 1750 + 163°¢ 1720 + 160° 1760 + 151° 1650 + 101° 1700 + 276° 1590 + 226° <0.05
t 185 135 6.9 7.9 1.2 25

Different letters within the same day indicate significant difference (P < 0.05) among the groups; P value indicates regression dependence within tested groups; Abbreviations:

t: temperature; C: cereal fed; P: pellet fed; N: natural fed.

2.3. Lipid class composition and separation

Lipid class composition was analysed according to Olsen and
Henderson (1989) with minor modifications as described by Mraz and
Pickova (2009). A Camag ATS 4 automatic TLC sampler was used to
apply the samples dissolved in hexane (conc. 1 pg/pL) in 4-mm lines
on pre-coated silica gel 60 TLC plates (20 x 10 cm; 0.20 mm layer;
Merck, Darmstadt, Germany). The lipids were separated using a Camag
ADC 2 developing chamber as described above. Derivatisation was
performed by dipping the plate in solution phosphoric acid/ethanol
followed by heating in an oven at 150 °C for 10 min. The proportions
of the different classes of lipid (PLs—phospholipids, sterols, FFAs—free
fatty acids, DAGs—diacylglycerols and TAGs—triacylglycerols) were
densitometrically measured using a Camag TLC scanner 3. Lipid classes
were identified by comparison against an external standard (TLC
18-4A, Nu-Check Prep, Elysian, USA).

2.4. Fatty acid analysis

Total lipids were separated into TAG and PL fractions using thin layer
chromatography (TLC) on precoated TLC silica plates (20 x 10 cm
Merck, Darmstadt, Germany). The lipids were separated using a Camag
ADC 2 developing chamber with hexane-diethyl ether-acetic acid
(85:15:1, v/v) as the mobile phase. Total PL and TAG were scraped
from the plate and extracted with methanol and chloroform according
to Pickova et al. (1997). Fatty acid methyl esters (FAMEs) were prepared
with BF; following the method of Appelqvist (1968).

FAMEs were analysed using a gas chromatograph (Varian CP 3800;
Stockholm, Sweden) equipped with an ionisation detector (FID), split in-
jector and silica capillary column BPX 70 (SGE, Austin, TX) (Fredriksson
Eriksson and Pickova, 2007). Helium was used as carrier gas at a flow
rate of 0.8 mL min ' and nitrogen was used as make-up gas. Retention
time of the different FA was identified by comparison with a standard
mixture (GLC-68A, Nu-check Prep, Inc., Elysian, MO). For quantification
of the FA, an internal standard (15-methylheptadecanoate; Larodan
Fine Chemicals AB, Malmd, Sweden) was used. FAs were expressed as
percent of total identified FA.

2.5. Statistical analysis
All statistical analyses were performed using the Statistica CZ 10.0

software package. A proper regression analysis was performed to find
the differences within experimental group during purging time. One-

Table 2

way analysis of variance (ANOVA) and Tukey's HSD test were used for
the determination of differences among treatments, as well as for re-
gression and correlation analysis. Differences were assumed to be statis-
tically significant at P < 0.05.

3. Results
3.1. Water temperature, weight, fillet yield and condition factor

The mortality rate during the purging period in the experiment
was in total 6.3% (14/240 fish). Water temperature decreased contin-
uously from 18.5 °C to 2.5 °C at the end of experiment.

The average body weight at the start of experiment was 1750 +
470 g in group N, 2690 4+ 410 g in group C and 2404 + 391 g in
group P. With prolonged starvation time, total body weight decreased
significantly in all groups. After 70 days of purging, the lowest weight
decline was observed in group N (—9.2%; — 161 g), followed by group
P (—14.6%; —352 g) and the largest decline was measured in group C
(—19.6%; —529 g) (Table 1).

Together with decreasing average weight, condition factor (CF) de-
creased during the purging period (Fig. 1). These decline is significant
for groups C and P. Fillet yield (with skin) increased temporarily be-
tween days 1 and 14 in groups C and P, and then gradually decreased
throughout the purging period (group C: 48.5%, 51% and 45.2%; group
P: 46.1%, 48.7%, and 44.1% on days 1, 14 and 70, respectively). There
were almost no changes in fillet yield in group N during the whole purg-
ing period (44.1% on day 1, 44.8% on day 70).

3.2. Fat content, fatty acid composition and lipid classes

There was a significant (P < 0.01) reduction in fat content in groups
C and P during the experiment, while minor changes (non-significant)
were observed in group N (Table 2). The largest decrease was measured
in group C (—62%), followed by group P (—48%), and the smallest in
group N (—9%).

The FA composition (mg/100 g~ fillet) at the start of the experi-
ment and after 14, 28, 42, 56 and 70 days of purging is presented in
Table 3. Changes in percentage content of the main FA groups (MUFA,
PUFA, n—3 PUFA) throughout the whole experiment are shown in
Fig. 2a, b and c, respectively. The proportion of saturated FA (SFA) varied
between 24.2 4+ 0.92% and 28.6 4 0.81%. The MUFA content decreased
significantly (P < 0.01) in group C (Fig. 2a), from initially 54.2 + 2.19%
to 46.9 + 4.49% at day 70. A decrease in MUFA was also observed in

Average fat content [%] of common carp in groups C, P and N during the purging period (mean 4 standard deviation; n = 6).

Group Days of purging

1 14 28 42 56 70 P value
C 8.68 & 2.8% 833 £ 34° 5.66 &+ 1.1 6.65 & 3.8% 7.10 & 2.4° 330 + 14 <0.01
P 732 + 45% 6.58 + 3.6% 3.16 + 1.3° 319 + 1.7° 323 +2.3° 346 + 2.1 <0.01
N 351 + 0.8° 3.59 + 2.1° 342 + 0.9° 234 4+ 1.1° 354 + 1.2° 3.16 + 0.9 >0.05

Different letters within the same day indicate significant difference (P < 0.05) among the groups, P value indicates regression dependence during purging days. Abbreviations:

C: cereal fed, P: pellet fed, N: natural fed.



Table 3
Fatty acid composition of total lipid from the edible part of groups C, P and N carp fillet (mg/100 g~ fillet).
At days 1, 14, 28, 42, and 56 and after 70 days of purging (mean =+ standard deviation; n = 6).

Group Sampling day Fatty acid

14:0 15:0 16:0 16:1 (n—7) 18:0 18:1 (n—9) 18:1 (n—7) 18:2 (n—6) 18:3 (n—3) 18:4 (n—3) 20:3 (n—6) 20:4 (n—6)

C day 1 109 £ 370 2549 1411 + 507° 21 £ 12 454 + 1407 3503 + 10572 250 + 95 583 4 206 327 4+ 157 51 & 227 23+ 8 37 £ 24
day 14 87 + 29° 1845 1365 + 4912 531 4 3312 420 + 169 3072 + 13412 235 + 97 505 + 200 235 + 93 57 + 28° 20+ 7 67 + 13
day 28 64 + 37° 1347 1044 + 3637 347 + 1807 212 4+ 1072 2576 + 777° 133 + 67° 330 + 165 177 + 90 82 + 38° 13+7 31+ 12
day 42 91 + 522 18 £ 9° 1212 + 6357 572 4 3532 334 4 1752 2481 + 1370° 207 & 114° 429 + 243 205 4+ 1022 104 & 52 18+ 8 11 £ 5°
day 56 75 + 47° 17 £10° 928 4 545° 393 + 228° 291 + 109* 2122 + 1280° 173 + 822 447 + 212 220 + 103 113 + 66 16 £ 6 11+7
day 70 38 + 30 946 439 + 298 157 + 62 125 + 92 849 + 622 74 + 49 216 + 121 116 + 64 29 + 13 10+5 47 + 22
P value <0.001 <0.001 <0.001 <0.04 <0.001 <0.001 <0.001 >0.05 <0.05 <0.002 >0.05 >0.05

P day 1 78 + 38% 25+ 13 1187 +£ 6123 33 £ 20 255 4+ 119% 2430 + 1514° 229 + 124 870 4 348 517 + 211 30 + 22% 27 £15 49 + 22
day 14 62 + 31% 17+ 7 956 + 403 346 + 104 280 + 116 1956 + 904 186 + 95 726 + 266 386 + 119 45 4 20% 26 + 11 84 + 31
day 28 34 4+ 12° 945 513 4 211° 179 + 79° 131 + 41° 923 4 357° 84 + 33° 325 4 131 194 + 99 51 + 21° 1345 21+ 8
day 42 30 £ 9° 94 3P 477 + 233° 150 + 69° 140 + 91° 973 + 417° 88 + 47 318 + 174 167 £ 62%° 62 + 42 17 +9 8 4 3%
day 56 32 + 15° 9+ 2° 485 + 230° 170 + 58° 136 + 77° 950 + 506" 87 + 32° 353 + 150 188 + 111 71 4+ 30 14 +7 11+6
day 70 33+ 16 8+3 508 + 173 168 + 109 158 + 91 949 + 375 86 + 39 347 + 141 211 + 88 47 + 18 17 +£5 74 + 30
P value <0.03 <0.02 <0.04 >0.05 >0.05 <0.04 <0.03 >0.05 >0.05 >0.05 >0.05 >0.05

N day 1 51 + 12° 15+5 633 & 147° 25 + 13 147 + 60° 1166 + 127° 131 + 22 376 + 91 165 + 73 14 + 2° 16 + 2 10 + 4
day 14 33 + 14° 9+5 505 + 281° 168 + 65° 183 + 98 1058 + 457° 106 + 53 372 + 159 125 + 59° 21 4+ 9° 18 + 4 86 + 16
day 28 43 4 15° 1345 525 4+ 117° 235 4 57° 134 + 26° 984 4 232° 110 + 34% 367 + 238 194 + 82 52 + 16° 1347 9+ 4
day 42 23+ 7° 6+ 3° 356 + 137° 111 & 32° 121 + 61° 696 + 337° 65 + 26° 218 + 108 66 + 22° 54 + 26 13+6 54 2P
day 56 35+ 11° 8 + 2% 456 + 221° 199 + 84 140 + 55° 951 + 396" 91 + 49 239 + 125 112 + 68 53 + 21 10+ 5 6+ 2
day 70 29 + 14 7+3 387 + 116 105 + 58 122 + 55 844 + 316 82 + 25 245 + 114 110 + 43 19 + 4 10 + 4 43 + 21
P value >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

At day 1 and after 14 and 70 days of purging (mean + standard deviation; n = 6).

Group Sampling day Fatty acid
20:5 (n—3) 22:5 (n—3) 22:6 (n—3) SFA MUFA PUFA n—3 PUFA n—6 PUFA n—3/n—6
C day 1 148 £ 69 46 + 24 73 £ 32 2034 + 703 3976 + 1203 1364 + 518 680 + 309 685 £ 220 0.99
day 14 100 £ 31 36 + 13 63+7 1923 £ 700° 4023 £ 1813¢ 1135 + 402 503 + 174 632 4 232 0.80
day 28 90 + 56 31+ 11 57 £ 22 1786 + 532° 3085 + 1033* 937 + 420 437 + 224 400 + 207 1.09
day 42 117 £ 54 39 + 16 68 + 16 1716 + 898° 3293 + 1849° 1027 + 491 532 4 223 495 + 272 1.07
day 56 102 £+ 50 34 + 13 57 +£ 21 1371 £ 517¢ 2719 + 1225° 1032 £ 536 524 + 330 507 + 329 1.03
day 70 61 £ 31 24 + 11 50 + 23 624 + 331 1135 + 616 577 + 298 286 + 146 291 4 155 0.98
P value <0.02 >0.05 >0.05 <0.001 <0.001 <0.05 <0.05 >0.05 >0.05
P day 1 130 £ 46 49 + 21 109 + 43 1588 + 713% 2782 + 991° 1853 + 642 862 + 314 991 + 444 0.87
day 14 101 £ 28 43 + 15 128 £ 55 1344 + 526 2642 + 1200° 1611 £ 533 725 + 284 886 + 324 0.82
day 28 54 4 33 24 +£ 11 62 + 31 715 & 277° 1207 + 474° 771 4+ 335 484 + 189 487 + 155 0.99
day 42 71 + 28 33+ 19 92 + 47 689 + 341° 1233 + 740° 796 + 400 428 + 201 368 + 202 1.16
day 56 67 + 29 27 £ 11 72 + 45 697 + 269° 1227 + 733° 828 + 402 425 + 223 403 + 175 1.05
day 70 73 £ 23 3349 102 + 41 722 + 203 1294 + 553 937 4 228 473 + 209 464 + 177 1.02
P value >0.05 >0.05 >0.05 <0.05 >0.05 >0.05 >0.05 >0.05 >0.05
N day 1 106 + 35 44 + 15 107 + 40 765 + 92° 1346 + 127° 870 + 145 441 + 127 429 + 86 1.03
day 14 73 + 37 38+ 15 104 + 42 747 + 317° 1427 + 322° 882 + 279 371 £ 96 511 4 188 0.73
day 28 75 + 24 30+ 6 61 + 17 756 &+ 173° 1360 + 316° 797 + 369 381 + 119 416 + 158 0.92
day 42 72 + 46 34 +£ 13 91 + 39 530 + 217° 1090 + 398" 573 + 214 317 + 111 256 + 130 1.24
day 56 67 + 24 27 + 10 55 + 21 668 + 295" 1256 + 560° 589 + 246 313 £ 98 276 + 102 1.13
day 70 56 + 31 21 +£ 13 64 + 31 558 + 214 1088 + 420 594 4 134 277 + 129 317 4+ 182 0.87
P value >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

Mean values with different superscripts within different purging days differ significantly (P < 0.05) among the groups, P value indicates regression dependence within fatty acid during purging; Abbreviations: C: cereal fed; P: pellet fed,
N: natural fed; SFA: saturated fatty acid; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid.

VIl

6LI-LIL (€10Z) 10F-00% 24m3mapnby / v 32 21fpz 'L



T. Zajic et al. / Aquaculture 400-401 (2013) 111-119 115

group P (Fig. 2b) but was not statistically significant. Almost no changes
were observed in group N (Fig. 2c), where the proportion of MUFA var-
ied between 45.2 4 3.41% and 48.2 &+ 2.44% during the whole purging
period. At the same time, the content of MUFA (mg/100 g~ fillet;
Table 3) was significantly different between the experimental groups
at day 1 and after 14, 28, 42 and 56 days. There were no significant
differences among the groups after the 70-day purging period. The pro-
portion of PUFA increased linearly in groups C (significantly) and P
(non-significantly) and, in contrast, there was a trend of slightly de-
creasing PUFA in group N (29.1 4 3.97% at the beginning; 26.9 +
4.23% at the end) (Fig. 3). There were no significant differences in
total amount of PUFA (mg/100 g~ ! fillet) among the groups during
purging period. The similar trend as in total PUFA was observed for
the proportion of n—3 PUFA, which increased significantly in groups C
and P, while it was unchanged in group N (Fig. 2).

1
—

% of identified fatty acids
g

05 ........... i ............. ii

The composition of the lipid classes confirmed the negative correla-
tion between increasing fat content and percentage of PL and, converse-
ly, the positive correlation between increasing fat content and TAG. The
percentages of different lipid classes in all groups and the respective
changes are presented in Table 4. When the data were expressed as per-
centage of total lipids, the proportion of PL seemed to increase in groups
C and P, since TAG content decreased. However, when expressed as
total amount (mg/100 g~ fillet), PL in group C remained stable until
day 28, and decreased rapidly after that, while in group N it remained
relatively stable until day 42. Total PL decreased from day 14 in group
P. Differences among the groups are evident till day 28; from day 42
there are no significant differences in the amount of PL (Fig. 3).

With prolonged purging time, FA composition in the TAG lipid frac-
tion (Table 5a) showed significant changes in terms of MUFA and PUFA
(including n—3 PUFA) in group C. Changes are evident also in group P,
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Fig. 2. a, b, c. Percentage of MUFA, PUFA and n—3 PUFA in (a) the group supplemented with cereals; (b) the group supplemented with rapeseed/linseed pellets; and (c) the group
fed natural feed only during the purging period; P value indicates regression dependence within tested group during purging period. Abbreviations: MUFA: monounsaturated fatty
acid; PUFA: polyunsaturated fatty acid; n—3 PUFA: sum of 18:3 n—3, 18:4 n—3, 20:3 n—3, 20:5 n—3, 22:5 n—3, 22:6 n—3.
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Table 4
Lipid class composition (%) in fillets from groups C, P and N carp during the purging period (mean + standard deviation; n = 6).
Group Day 1 Day 14 Day 28 Day 42 Day 56 Day 70 P value Lipid class
C 8.69 + 1.6° 10.6 + 2.4 12.7 + 3.9 9.18 + 1.7° 5.55 + 1.6° 929 + 25 >0.05 PL
8.54 + 0.8 791+ 16 102 + 1.6 7.14 + 0.8° 6.47 + 1.1° 793+ 19 >0.05 STEROLS
3.16 + 0.2 nd nd nd nd 254 + 0.7 >0.05 FFA
2.08 £+ 0.7 2.04 + 1.0 230 + 0.9° 217 + 02 091 + 0.2° 134 + 04 >0.05 DAG
80.2 + 3.3% 792 + 5.4 75.3 + 6.8 81.5 + 2.5° 85.9 + 3.0° 804 + 6.2 >0.05 TAG
P 8.79 + 2.9° 9.40 + 3.6 142 + 24 17.1 + 6.4 14.1 £ 8.1° 123 + 62 >0.05 PL
104 + 4.2 8.47 + 2.2 9.76 + 0.6 11.0 + 3.0 102 + 2.8° 105 + 4.4 >0.05 STEROLS
nd nd nd 276 + 0.8 215 + 0.6 320 £ 0.7 >0.05 FFA
231+09 131403 1.27 £ 0.3° 215+ 05 1.95 + 0.8° 143 + 0.7 >0.05 DAG
794 + 55% 80.7 + 6.6 74.7 + 3.1 715 + 12.2%° 735 + 11.1° 747 £ 113 >0.05 TAG
N 13.7 £ 3.7° 12.8 + 4.0 129 + 21 19.5 + 6.3° 8.98 + 2.3% 9.65 &+ 2.3 >0.05 PL
113 £ 22 991 + 2.7 9.56 + 0.7 129 + 3.3° 8.42 + 1.9% 825+ 1.8 >0.05 STEROLS
nd 1.72 £ 0.2 nd nd 242 4+ 03 291 + 1.2 >0.05 FFA
2.07 £ 08 1.68 + 0.6 1.23 £ 0.2° 2.54 + 0.7 1.38 + 0.4 128 £ 05 >0.05 DAG
719 + 6.2° 75.0 + 6.9 76.5 + 3.1 64.3 + 10.3° 79.6 + 3.8%° 789 + 5.0 >0.05 TAG

Mean values with different superscripts within different purging days differ significantly (P < 0.05) among the groups, P value indicates regression dependence within fatty acid
during purging; Abbreviations: PL: phospholipid; DAG: diacylglycerol; FFA: free fatty acid; TAG: triacylglycerol; nd: not detected; C: cereal fed; P: pellet fed; N: natural fed.

but they are not significant. No changes were observed in group N. The
total amount (Fig. 3) and FA composition in the PL fraction (Table 5b)
changed mostly in group C, where alterations in percentage content of
SFA, PUFA (including n—3 and n—3 long-chain PUFA) and MUFA/
PUFA ratio were confirmed. There was a significant decrease in SFA in
group P, together with a trend for increasing proportion of PUFA. Unex-
pectedly, in group N the percentage of PUFA, n—3 PUFA, n—3 long-
chain PUFA, EPA and DHA decreased in the first 14 days and then in-
creased back to the initial proportions.

4. Discussion
4.1. Changes in weight, fillet yield and condition factor

For most of the Czech population carp is the traditional Christmas
Eve dinner. In order to provide the market with carp within 2 or

3 weeks before Christmas, the harvest time has to be adjusted to the
weather conditions and icing of the ponds. This results in some fish

being kept in purging conditions for longer than others. In order to eval-
uate the possible effects of all alternate purging treatments, this
experiment was carried out in the period September-December. In
the present study purging started at 18.5 °C, which is relatively high,
and then the water temperature dropped to 14.6 °C after 4 days and
reached 11.9 °C after 18 days. It has been reported that as stocking den-
sity is generally high in purging ponds, fish activity will increase (Bauer
and Schlott, 2004). However, as the temperature dropped rapidly after
the start of our experiment, the fish were not exposed to stressful con-
ditions for long.

In general, weight loss has been observed in purged carp. During nor-
mal overwintering, the weight loss has been reported in different stud-
ies to be 3% (Bauer and Schlott, 2004), 5-10% (Geldhauser and Gerstner,
2003), and 14-24% (Blasco et al., 1992). In the present study, we found a
total weight loss of 9.2%, 14.6% and 19.6% in groups N, P and C, respec-
tively, during purging (Table 1).

Fillet yield is closely related to weight loss. In the present study fil-
let yield was still >45% at the last sampling point, which was slightly
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Fig. 3. Calculated total values of phospholipids, with the lines showing changes over time in averages in each group; P value indicates regression dependence within tested group
during purging period. Abbreviations: PL: phospholipid; C: cereal group, P: pellet group, N: natural feed group.
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Table 5a
Percentage of fatty acid in triacylglycerol fraction of groups C, P and N common carp purged for 70 days (mean + standard deviation; n = 6); comparison between days 1, 14 and
70.
Group Sampling day Fatty acids
EPA + DHA SFA MUFA PUFA n—3 PUFA n—3 LC PUFA n—3/n—6 MUFA/PUFA
C day 1 1.68 £ 0.3 262 + 1.0 58.1 + 1.9° 15.7 £ 2.5° 7.00 + 1.5° 223 4+ 04 0.81 £+ 0.2 3.84 £+ 0.8°
day 14 1.71 £ 03 264 + 0.9 57.7 + 2.4° 15.8 + 2.3° 6.68 + 1.3° 230 + 04 0.72 + 0.1 375 +£ 0.7°
day 28 1.71 4+ 0.2 26.1 + 1.0 57.1 + 2.6 16.8 + 2.2° 7.06 + 1.0° 235+ 03 0.74 + 0.1 349 + 0.6°
day 42 1.75 + 0.4 27.7 £ 052 571+ 15 153 £ 1.5 6.74 + 1.1 232405 0.80 & 0.1 3.78 £+ 0.5%
day 56 1.84 + 0.7 256 + 1.5 56.8 + 3.2% 17.6 + 3.7° 7.53 £ 2.3° 243 + 0.9° 0.73 &+ 0.1° 341 + 09°
day 70 219 + 0.6 259 + 1.1 53.8 + 3.0 204 + 4.0 927 + 2.0 3.05 + 08 0.85 + 0.2 277 £ 0.7
P value >0.05 >0.05 <0.05 <0.05 <0.05 <0.05 >0.05 <0.05
P day 1 237 + 1.1 244 + 1.7 474 + 4.4° 28.2 & 432 13.8 + 3.6° 334+ 14 1.00 + 0.4 1.75 £ 0.5°
day 14 224+ 1.0 24.8 + 1.9 484 + 3.9° 268 + 4.1° 121 £ 2.2° 313+ 13 0.85 + 0.2% 1.87 4 0.4°
day 28 143 + 0.6° 24.7 + 14 51.9 + 2.6° 234 4+ 347 9.44 4 2.4° 2.07 + 038 0.68 + 0.2 2.30 + 0.6°
day 42 1.46 + 0.7 243 + 14° 534 + 35 22.3 4+ 247 9.05 & 2,52 210 £+ 09 0.70 & 0.2 244 + 04°
day 56 273 £ 05 252 4+ 1.2 447 + 3.1° 30.1 & 4.0° 149 + 1.9° 3.90 + 0.6 1.00 + 0.1° 1.52 + 0.3°
day 70 1.53 + 0.7 24.6 + 1.6 542 + 45 212 + 43 8.62 + 3.5 221+ 10 0.69 + 0.3 272+ 08
P value >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
N day 1 195 + 1.0 25.0 + 2.1 53.1 + 4.4° 21.9 + 44 8.84 & 3.5° 2.69 + 1.2 0.69 & 0.3 256 + 0.7°
day 14 1.50 + 0.3 249 + 2.1 54.0 + 2.8% 212 + 3.8%° 8.06 + 1.6° 2.08 + 0.4 0.62 + 0.1° 2.65 + 0.6"
day 28 238 £ 0.7° 253 4 24 51.6 &+ 5.0% 23.1 &+ 5.0° 933 4 24 3224 1.0 0.73 £ 03 236 & 0.6°
day 42 1.50 + 0.4 245 + 1.9° 56.5 + 2.1 19.0 + 0.9° 6.49 + 1.1° 2.26 + 0.5 0.53 + 0.1 2.98 + 0.2°
day 56 1.82 + 0.6 247 + 1.1 56.4 + 1.4° 189 + 1.2° 7.65 + 1.8° 251 + 0.9° 0.72 + 03° 3.00 + 0.3°
day 70 2.04 + 038 24.6 + 1.0 549 + 2.9 20.6 + 2.7 8.10 + 2.5 279 + 1.1 0.66 + 0.2 273 £ 05
P value >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

Mean values with different superscripts within different purging days differ significantly (P < 0.05) among the groups, P value indicates regression dependence within fatty acid during
purging; Abbreviations: C: cereal fed; P: pellet fed; N: natural fed, EPA 4+ DHA: eicosapentaenoic and docosahexaenoic acid; SFA: saturated fatty acid; MUFA: monounsaturated fatty acid;
PUFA: polyunsaturated fatty acid; n—3 long-chain PUFAs are fatty acids with more than 20 carbon atoms and with at least 3 double bonds (20:3 n—3; 20:5 n—3; 22:5 n—3; 22:6 n—3).

higher than the value reported earlier by Kocour et al. (2007) of 41.1%
for 3-year-old carp with average weight around 1500 g after harvest.
This difference is most likely due to the higher start weight of
the 4-year-old carp (body weight 1700-2600 g) used in the present
study, resulting in an increased muscle content in these carp. As
expected (Einen et al., 1998), percentage fillet yield increased in the
first days of purging (days 1-14), after the gut had emptied and
thus the relative proportion of muscle increased by 2.5% in groups C
and P. No increase in fillet yield was found in group N. This is most
probably due to different rearing practices. While the carp in groups

C and P had continuous access to feed, resulting in a constantly filled
gut, the fish kept in natural conditions in group N had to seek their
feed and therefore most likely had a less full gut at the time of har-
vest. Similar results have been reported by Oberle et al. (1997), who
found that carp kept in natural conditions did not reach a similar fillet
yield to diet-supplemented carp after short-term purging.

The decrease in the CF value during the purging period reflected the
decrease in weight at unchanged BL of purged carp (Fig. 1). Similarly,
Bauer and Schlott (2004) reported a decrease in CF in overwintering
carp.

Table 5b
Percentage of fatty acid in phospholipid fraction of groups C, P and N common carp purged for 70 days (mean 4+ standard deviation; n = 6); comparison between days 1, 14 and
70.
Group Sampling day Fatty acids
EPA + DHA SFA MUFA PUFA n—3 PUFA n—3 LC PUFA n—3/n—6 MUFA/PUFA
C day 1 14.7 + 2.2° 32.9 + 0.3% 339 + 5.2° 333 + 54° 19.7 + 3.2° 17.8 + 2.7° 1.46 + 0.1 1.07 + 0.3%
day 14 176 £+ 2.2 327 £ 14 282 £ 54 39.0 +£ 45 234 +28 216 £ 25 150 + 0.1? 075+ 0.2
day 28 195 + 1.2 301 £ 23 273 + 1.8% 42,6 + 4.1 255+ 19 236+ 15 1.52 £ 0.2 0.65 + 0.1%
day 42 18.8 + 2.8 30.6 + 4.0 29.7 + 3.3 39.6 + 5.9° 24.6 + 3.8 228 + 34 1.65 £ 0.2 0.78 + 0.2%
day 56 17.7 £ 35 29.5 + 3.0 313 £ 4.8 39.3 + 6.0° 237 £ 45 21.7 + 4.1 1.51 £ 0.2 0.84 + 0.3%
day 70 200 £ 15 27.4 + 3.7 274 +£ 1.8 452 +£ 5.2 27.1 £ 2.1 244 + 1.7 1.55 £ 0.3 0.62 & 0.1
P value <0.01 <0.001 >0.05 <0.01 <0.01 <0.01 >0.05 <0.05
P day 1 16.6 + 5.0 348 + 3.7° 24.8 + 44° 39.7 + 6.8%° 23,6 + 54% 20.0 + 5.7 147 + 03 0.65 + 0.2°
day 14 16.5 £+ 6.5 346 + 5.0 26.1 £ 5.1 394 4+ 95 23.1 + 6.6 194 £ 71 141 £ 02% 0.75 + 04
day 28 203 £ 22 275 + 26 24.3 + 2.0° 482 +£ 29 276 + 2.6 245 4+ 25 1.36 £ 0.2 051 £ 0.1°
day 42 199 + 1.7 294 + 39 234 + 1.1° 473 £ 3.5° 273 £23 241 + 2.2 139 + 0.2 0.50 + 0.1°
day 56 189+ 13 29.5 + 4.2 234 + 14° 47.1 4+ 3.5% 264 + 1.8 231+ 1.7 129 + 0.2 0.50 + 0.1°
day 70 19.0 £ 3.2 275 + 4.0 26.1 + 2.7 464 + 4.6 26.1 + 2.8 23.0 + 34 131 £ 0.2 0.57 & 0.1
P value >0.05 <0.01 >0.05 <0.05 >0.05 >0.05 >0.05 >0.05
N day 1 213 £ 3.1° 29.7 + 2.4% 224 + 3.1° 478 £ 24° 28.7 + 3.8% 26.1 4+ 4.0° 1.57 £ 0.5 047 + 0.1°
day 14 163 £+ 2.7 324 + 43 25.1 + 3.0 425 + 5.8 232 4+ 32 202 + 29 1.20 + 0.1° 0.61 & 0.1
day 28 209 + 2.0 29.6 + 4.8 235 + 1.3° 46.9 + 4.2 28.0 + 2.8 25.7 £ 25 1.50 £ 0.2 0.50 + 0.1°
day 42 219 £ 20 26.5 + 3.9 24.8 + 3.1° 48.7 £+ 3.1° 286 + 24 26.5 + 2.2 143 £ 0.1 0.51 + 0.1°
day 56 21.7 £ 4.0 273 £ 39 254 4 2.8° 473 £ 4.22 29.1 £ 5.0 269 + 4.8 1.65 £ 0.5 0.54 & 0.1°
day 70 205 + 1.5 28.0 + 4.1 252 +23 46.8 + 2.6 27.32.3 250+ 19 141 £ 0.2 0.54 4 0.1
P value >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

Mean values with different superscripts within different purging days differ significantly (P < 0.05) among the groups, P value indicates regression dependence within fatty acid during
purging; Abbreviations: C: cereal fed; P: pellet fed; N: natural fed, EPA + DHA: eicosapentaenoic and docosahexaenoic acid; SFA: saturated fatty acid; MUFA: monounsaturated fatty acid;
PUFA: polyunsaturated fatty acid; n—3 long-chain PUFAs are fatty acids with more than 20 carbon atoms and with at least 3 double bonds (20:3 n—3; 20:5 n—3; 22:5n—3; 22:6 n—3).
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4.2. Fat content and fatty acid composition

The muscle fat content decreased significantly in groups C and P,
where the highest fat content was found at the beginning of the purg-
ing period (8.68 + 2.8% and 7.32 + 4.5% respectively; Table 2). De-
creased fat stores have also been observed in other studies (Einen et
al.,, 1998; Liu et al., 2011).

The carp from group N, in the natural pond environment, did not
show any significant decrease in fat content. The variation in fat content
between different fish and sampling dates was high, so the fact that
different individuals were measured on each sampling occasion may
explain the non-significant weight loss in group N fish. Similarly,
Palmeri et al. (2009a) did not find a significant fat loss in low-fat Murray
cod during starvation (P > 0.05).

Extruded linseed and pressed rapeseed cake (mouldings) are a rela-
tively cheap and easily available source of 18:3 n—3 for fish nutrition
(Pickova and Markere, 2007) and were part of the mixture fed to
group P in this experiment. The presence of 18:3 n—3 in the pellets
was reflected in the FA composition of the carp muscle. At the beginning
of purging there was a 1.58-fold higher content of 18:3 n—3 in the mus-
cle of carp from group P compared with group C and a 3.13-fold higher
content compared with carp from group N. The effect of diet was also
evident in the group C, where a high content of MUFA, especially 18:1
n—9, was observed. The opposite was found in the group N fish,
reflecting the FA composition of the prey with high levels of PUFA
according to our initial hypothesis and findings by Vacha et al. (2007)
and Mraz et al. (2012).

During starvation, free fatty acids (FFAs) are released from TAG as a
substrate for 3-oxidation in the mitochondria (Reshef et al., 2003). The
decrease in TAG and the higher stability of PL found in our study are in
line with results reported by Henderson and Tocher (1987). In a study
by Kiessling et al. (2001) performed on rainbow trout, excess dietary
energy was found to be stored in the form of TAG, as was also the case
of the cereal-supplemented group, resulting in the highest percentage
of TAG in that group at most sampling dates (Table 4).

When the identified proportion of PL was calculated as absolute
amounts per portion of fish, these amounts remained stable until days
14, 28 and 42 of sampling in groups P, C and N, respectively. While
these are calculated amounts rather than actual values, they correspond
well to the actual values and are suggested to give a good picture of the
point when the fish start to use PL. We suggest that this is also the point
when the fish start to catabolise not only surplus fat, but also muscle
mass to meet energy needs. In addition, we suggest that at this point
the fish also start to metabolise PUFA.

During p-oxidation of FA from TAG, in general fish utilise FA selec-
tively in order to save the metabolically essential long-chain PUFA and
first use the less important FA as fuel (Kiessling and Kiessling, 1993).

In our study there was a continuous increase in the relative content
of n—3 PUFA in the muscle of carp from group C, which can be explained
by the gradual degradation of MUFA (Jezierska et al., 1982), especially
18:1 n—9, while PUFAs are protected as described by Csengeri (1996).
This could be due to the fluidity of biological membranes being in-
creased and carp surviving better at low water temperatures. Similar re-
sults have been reported by Palmeri et al. (2008b) in a study on Murray
cod.

The FA composition of the TAG and PL fractions of purged carp from
group C showed a clear increase in the proportion of PUFA, including
n—3 PUFA, EPA and DHA, to the detriment of MUFA (Tables 5a and
5b). These changes were pronounced in PL, combined with a significant
decrease in the MUFA/PUFA ratio. This suggests that carp preferentially
metabolise MUFA, while PUFAs are protected as suggested by Kiessling
and Kiessling (1993) for rainbow trout. At the point when the carp
started to metabolise the PUFA, they seemed to metabolise n—6
and n—3 equally. Again, this is in line with Kiessling and Kiessling
(1993), who found similar oxidation rates for 18:2 n—6 and 18:3 n—3
in the mitochondria of rainbow trout.

In addition, we suggest that fish have a certain metabolically de-
fined composition of FA that is necessary for functionality and that
once that level is reached, fish start to catabolise all FA equally to pre-
serve the relative composition. This theory is supported by the fact
that after the longer purging period, the FA composition did not differ
more between the groups, despite the significant differences at the
beginning of the experiment. With decreasing water temperature,
prolonged starvation and metabolism of fat stores, the FA composi-
tion gradually equalised in the PL fraction and after 70 days of purg-
ing, all groups showed almost identical values of SFA, MUFA, PUFA
(including n—3, n—3 long-chain PUFA, EPA and DHA).

In relation to human nutrition, it is well known that fish are an im-
portant source of beneficial n—3 FA (Simopoulos, 2002). The European
Food Safety Authority (EFSA, 2009) recommends a daily intake of n—3
PUFA for the general population of 2 g and an EPA + DHA intake of
250 mg. One portion (200 g) of carp from groups C, P or N purged for
14 days, which time we concluded as one with the best nutritional
values, contained 1.06 g n—3 PUFA and 326 mg EPA + DHA, 1.72 g
PUFA and 453 mg EPA + DHA, or 0.75 g PUFA and 354 mg EPA + DHA,
respectively. This means that the best choice in terms of human nutri-
tion seems to be carp from group P purged no longer than 14 days.

5. Conclusions

Lipid analyses of purged common carp reared in three different
production systems showed that the type of diet prior to purging signif-
icantly affected the flesh quality of the fish. Supplementation with rape-
seed/linseed pellets in the growing period resulted in a nutritionally
beneficial FA flesh composition. The purged carp were able to selective-
ly metabolise FA for energy needs early in the purging period, and when
the carp were supplemented with cereals or rapeseed/linseed pellets,
which had higher CF, they mainly used MUFA as their energy source.
However with prolonged purging and loss of surplus fat, the fish from
all groups started to metabolise long-chain PUFA, leading to a decrease
in nutritionally valuable n—3 PUFA. Therefore a purging period should
be long enough to eliminate possible unpleasant odours and flavours,
but as short as possible from a practical handling point of view to pre-
serve the beneficial FA composition of n—3 enriched carp. For this rea-
son, we recommend that carp supplemented with linseed/rapeseed
pellets (group P) should not be purged no longer than 14 days. More
studies are needed to identify the mechanisms behind the selective FA
metabolism in purged carp. This study provided valuable information
about FA metabolism in carp that can be used in the further develop-
ment of feeds and rearing systems.
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Abstract The objective of this study on common carp (Cyprinus carpio) was to obtain and
predict the first cross-validated data of the fat content on market size carps using a non-
invasive or non-destructive method in situ. The carps (1680 + 388 g; n = 136) used were
from a semi-intensive system and were on a different diet (cereal, pelleted and extruded
diet). For the evaluation of the fat content, a Fish Fatmeter FM 692 from Distell.com.
(FFM) and a manual measurement of back fat height using a digital calliper were used. For
the prediction model, the following basic body measurements (variables) were used: total
body length, body length, body height, the width of the body, and the circuit of the body.
The body weight, weight of intestines, weight of gonads, weight of hepatopancreas, and
fillet yield (%) were measured, and the Fulton coefficient was calculated. The study was
focussed on evaluating the applicability of these methods and the accuracy of the obtained
result, respectively. Results showed that all the rapid methods had a strong correlation.
Multiple regression models with forward selection of variables were used throughout. The
final prediction model between predicted and observed values for the fat content for FFM
and calliper being adjusted index of determination is shown here (Rﬁdj = 0.88; 5 variables
and Rﬁdj = 0.91; 7 variables), respectively.
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Introduction

The pond farming of common carp (Cyprinus carpio L.) is of great importance in global
aquaculture and the production of farmed common carp was slightly over 4.0 million
tonnes of the total global fresh water aquaculture production in 2014 (FAO 2015). The
biggest producer of carp in the world is China. In 2002 China produced ~ 70 % of the total
global fresh water production of common carp (FAO 2015). Much of the production takes
place in Europe ~ 145 thousand tonnes, especially in Central and Eastern Europe, as an
integral part of the socio-cultural milieu (Edwards 2007), a well-known production system
and traditional food (Linhart et al. 2002). The increasing demands for fish of the growing
world population could be met by an increased production of fish in aquaculture, and it is
essential to produce a suitable quality of fish and fish products which are acceptable to the
consumer’s expectations and tastes.

Beside texture, the lipid content is one of the main factors affecting fish flesh quality. In
general, carp supplemented with cereals or pelleted feed has a higher fat content compared
to carp depending only on natural feed (zooplankton and zoobenthos) (Urbanek et al. 2010;
Mraz et al. 2012; Zajic et al. 2013; Masilko et al. 2015). Moreover, some studies found out
that the lipid content may vary widely (Oberle et al. 1997; Pfeifer and Fiillner 2005; Varga
et al. 2013; Zajic et al. 2013) which is associated with different pond management strategy
and pond production system (Fauconneau et al. 1995; Anderson and De Silva 2003; Mraz
et al. 2012; Zajic et al. 2013; Masilko et al. 2015). A higher amount of lipid content has
shown to adversely affect sensory properties of carp flesh (Aas and Oberle 2009), and the
consequent impact is a lower price of carps in Bavaria (Oberle; personal communication).

Several different methods exist for estimating the lipid content. The most preferred are
laboratory methods which are nowadays one of the most precise methods. Laboratory
analyses are destructive methods and needs a location, equipment, a lengthy time for
preparing samples, their evaluation and it is costly. Recently, several rapid methods have
been used for estimating the lipid content of fish which are mostly non-invasive or non-
destructive or both and it is not that time consuming. An example of this is computerized
chromatography (CT) which is a non-invasive technique and may be used for estimation of
fat content in several fish species, including salmonids (Rye 1991) or cyprinids (Romvari
et al. 2002; Hancz et al. 2003). Other rapid measurements of fat content in salmonids that
are being used are different types of near infrared spectroscopy (NIR) or visible near
infrared spectroscopy (VNIRS) in fillet or in live fish (e.g. Solberg et al. 2003; Brown et al.
2014). Another non-invasive and non-destructive rapid method for estimation of fat con-
tent is using a Distell Fish Fatmeter. This instrument was compared to chemical analysis in
some fish species such as Atlantic salmon (Salmo salar), Pacific salmon (Oncorhynchus
spp.), Hering (Clupea harengus), river catfish (Pangasiodon hypophthalamus) with very
high and positive correlation (Sigurgisladottir et al. 1997; Vogt et al. 2002; Crossin and
Hinch 2005; Sang et al. 2009). However, a Distell Fish Fatmeter has an advantage to be
used on a live fish. There are no available real data to compare a Fish Fatmeter and
chemical analysis for carp.

The objective of this study was to obtain the first cross-validated prediction on the fat
content of a live carp using a non-invasive or non-destructive method in situ. For testing,
the Distell Fish Fatmeter was used. The next rapid method was to investigate the cross-
validated prediction on the fat content according to manual measurement height of back fat
using a digital calliper on slaughtered carps.

@ Springer
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Materials and methods
Fish sample

Carps were harvested from a semi-intensive system (cereal, pelleted and extruded diet CD,
PD, ED, respectively). The market size carps were harvested from the southern and
western area of the Czech Republic (Table 1). Carps were slaughtered in the processing
plant of the Faculty of Fisheries and Protection of Waters in Ceské Budéjovice, Czech
Republic. The basic parameters were measured and calculated for each fish. Longitudo
totalis (LT), standard length (SL), body height (BH), the width of the body (WB), and
circuit of the body (CB) were measured using a roller (mm). Body weight (m), weight of
intestines (WI), weight of gonads (WG), and weight of hepatopancreas (WH) were mea-
sured using a digital weight (KERN, PFB 6000-1, Germany, =£0.1 g);
fillet yield (%) was calculated : = (100xal/fillers

m
m x 100
3

according to formula: (FC) = ( i ), where m is weight (g) and SL is standard length in
cm. All fish were filleted by hand by the same person to ensure consistency.

); and Fulton coefficient was calculated

Fat content

Laboratory analyses

Whole fillets with skin were minced in a table cutter to ensure that all edible parts were
represented in the sample analysed. Lipid extraction was performed with hexane-iso-
propanol according to Hara and Radin (1978) with slight modifications described by Zajic
et al. (2013).

Fish Fatmeter (FFM)

Carps were measured for fat content by a Fish Fatmeter, UK, Model 692 Fish Fatmeter
(Distell.com., Scotland). One person, to ensure consistency, did measurements at 4 posi-
tions (Fig. 1) at each side of live carps. The FFM was calibrated.

Calliper measurements

During the slaughtering (filleting) of fish, the dorsal parts were exposed, where the layer of

fat was visible. After removal of the head and filleting of carp, the thickness of back fat
was measured using a digital calliper (16 EWR-NA, Germany) 2 cm caudal direction from

Table 1 Fish samples used for multiple linear regression model

Geographic location Type of diet Number of fish Fish weight (mean £ SD) (g)
South Bohemia Cereal 11 2268 + 264
South Bohemia Extruded 16 1990 + 252
South Bohemia Pelleted 33 1733 £ 139
Plzen region Cereal 36 1474 £+ 194
Plzen region Pelleted 40 1557 + 483
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Fig. 1 Four measurements made on each side of the fish

the head of the dorsal parts of the carp skeleton. All samples of carp were measured by the
same person to ensure consistency.

All samples analysed by chemical analysis were analysed by “rapid” methods. To
evaluate the comparative benefit of these methods, observed results (FFM and calliper)
were compared to the predicted data (chemical analysis) by linear regression analysis. In
the present study, these criteria were determined: the correlation coefficient between
predicted and observed data, regression models for the prediction of chemical analysis by
FFM and calliper method. In terms of practice perspective, capital equipment costs, the
speed of measurement and manual user training requirement was considered, although
these parameters are difficult to specify adequately and objectively.

Statistical analysis

For fat content prediction was used regression analysis. More concretely was used “search
for the best subset approach” by exhaustive search algorithm (Miller 1990). An index of
determination as criterion for the best model was used. For calibration models were used
classical linear regression models, but due to present heteroscedasticity (tested by Beusch-
Pagan test) was used consequently weighted least square (WLS) methods instead classical
ordinary linear regression (OLS). In results were provided both methods for these cali-
bration models. For determination of correlation between different methods, classical
Pearson’s correlation coefficient was used.

With the aim to evaluate and choose the most accurate approach for fat content
determination in calibrations models, the root-mean-square error of prediction (RMSEP)
and adjusted index of determination (Razdj) as quality criteria was used. The RMSEP was
defined as

N _ 1/2
2
> i =)
RMSEP = | =L

N

where y; and y; are reference (analytical) and evaluated method (prediction obtained by
regression based on fat meter or physical measurement of back fat measured by calliper) of
fat content, respectively, for our sample i =1, 2, ...,n. All data were analysed using
statistical program R 3.2.0 (R Development Core Team 2015).
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Results and discussion
Correlation coefficient

Based on our results, a statistically significant high correlation coefficients between
chemical analysis, FMM and calliper, respectively, for determination of fat content
(Table 2) were observed. The correlation coefficient between the predicted values of
chemical analysis and observed values of calliper was 0.76 (R* = 0.58), whereas the
correlation coefficient 0.88 (R? = 0.78) between predicted values of chemical analysis and
observed values of FMM was higher compared to calliper method. The correlation between
observed and predicted fillet fat values were lower compared to the study of Crossin and
Hinch (2005), who reported a strong positive correlation 0.98 (R* = 0.96, four position
above the lateral line, n = 117) for Pacific salmon (Crossin and Hinch 2005). Sang et al.
(2009) described a very similar correlation coefficient 0.86 (R* = 0.75, one person did the
measurement at nine positions on each size, n = 50) between predicted and observed
values for fat content for river catfish using the same FFM that have been used in our study.
In this study Sang et al. (2009) used a different chemical analysis method for predicted data
described in Bligh and Dyer (1959). Likewise Vogt et al. (2002) determined a tight
correlation 0.84 (R2 = 0.70, one position on each side between the head and the dorsal fin,
n = 60) between observed values using a FFM and predicted values (chemical analysis)
for herring. In this study Vogt et al. (2002) used the Soxhlet method for determination of
fat content according to the standard procedure ISO 1444 (1973).

The lower correlation coefficient compared to salmonids fish species might be due to
higher variability of fat content in carp flesh, which is associated with a different pond
management strategy and pond production system. The lipid content may vary widely from
1 to 16.6 % (Oberle et al. 1997; Pfeifer and Fiillner 2005; Varga et al. 2013; Zajic et al.
2013).

Associated regression graphs have been shown in Fig. 2, and the regression result (OLS
and WLS) for fat content prediction based on FFM observation is provided in Tables 3 and
4, for calliper is shown in Fig. 3, Tables 5 and 6, respectively. With regard to the reference
between the analytical (chemical method) and “rapid” method, the best predictive methods
were those with a slope equal to one and intercept term equal to zero. According to these
criteria, the FFM method is more precise compared to the use of calliper for estimation of
fat content.

Regression model for fat prediction

The regression models developed to predict chemical analysis results from these two rapid
methods are shown in Table 7. For better prediction, we used potentially suitable variables

Table 2 Correlation coefficient between different methods

Chemical analysis FFM Calliper
Chemical analysis - 0.8864% 0.7678"
FFM 0.8864* - 0.89317*
Calliper 0.7678" 0.89317° -

 Statistically significant o« = 0.01
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Fat content [%] determined analyticaly

Fat content [%)] determined by Fatmeter

Fig. 2 Calibration plot for fat content determination—FFM versus reference analytical method. The red
dashed diagonal line is the target line. The two regression models are OLS (black line) and WLS (blue line).

(Color figure online)

Table 3 Regression result (OLS) for fat content prediction based on FFM observation

Explanatory variable Estimate SE of estimate t p value
Intercept —1.889 0.3292 —5.739 6.07 x 1078
Fat content by FFM 1.0578 0.0477 22.175 <2 x 107'°
Residual standard error 1.298 134 df

F-test 491.7 1 al134df 22 x 107"
R*adj 0.7843

AIC 460.8125

Studentized Breusch-Pagan test 4.3639 1df 0.03671
RMSEP 1.288

AIC Akaike information criterion, RMSEP root-mean-square error of prediction, R%adj adjusted index of

determination

Table 4 Regression result (WLS) for fat content prediction based on FFM observation

Explanatory variable Estimate SE of estimate t p value
Intercept —1.41824 0.31004 —4.574 1.08 x 107°
Fat content FFM 0.0985 0.05083 19.387 <2 x 107
Residual standard error 0.5182 134 df

F-test 1a134 df 22 x 10716
R*adj 0.7352

AIC 456.9907

RMSEP 1.299

AIC Akaike information criterion, RMSEP root-mean-square error of prediction, R%adj adjusted index of

determination
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Fig. 3 Calibration plot for fat content determination—calliper versus reference analytical method. The red
diagonal line is the target line. (Color figure online)

Table 5 Regression result (OLS) for fat content prediction based on calliper measurement

Explanatory variable Estimate S.E. of estimate t p value
Intercept —4.4766 0.6989 —6.405 235 x 1077
Fat content by calliper 1.5713 0.1133 13.872 <2x107'®
Residual standard error 1.797 134 df

F-test 192.4 1al34 <22 x 107"
R*adj 0.5864

AIC 549.3068

Studentized Breusch-Pagan test 19.4431 1df 1.036 x 107°
RMSEP 1.7833

AIC Akaike information criterion, RMSEP root-mean-square error of prediction, R%adj adjusted index of

determination

Table 6 Regression result (WLS) for fat content prediction based on calliper measurement

Explanatory variable Estimate S.E. of estimate t p value
Intercept —4.1795 0.6425 —6.505 142 x 107°
Fat content by calliper 1.5220 0.1095 13.896 2x 10716
Residual standard error 0.7004 134 df

F-test 193.1 1al34df

Radj 0.5873

AIC 533.7071

RMSEP 1.784

AIC Akaike information criterion, RMSEP root-mean-square error of prediction, R*adj adjusted index of

determination
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Table 7 Regression models for the prediction of chemical method by FFM and by calliper measurement

Method Regression model Rg ! RMSEP
FFM (OLS) —1.889 + 1.0578FFM 0.7843 1.288097
FFM (WLS) —1.418 + 0.0985FFM 0.7352 1.299153
Calliper (OLS) —4.4766 + 1.5713Calliper 0.5864 1.783385
Calliper (WLS) —4.1795 + 1.522Calliper 0.5893 1.784648

RMSEP root-mean-square error of prediction, R%adj adjusted index of determination

Table 8 Potentially best multiple linear regression models for different complexity of regression model for
FFM

Model (included variables) Regression model for fat prediction R: i

FFM —1.889 4 1.0578FFM 0.7843

FFM, WB —3.367 + 0.91001FFM + 0.02077WB 0.8163

FFM, WB, WI —3.820465 + 0.9334FFM + 0.0287WB — 0.00147WI 0.8138

FFM, WB, WI, m —3.81158 + 0.9418FFM + 0.031WB — 0.00081WI 0.8108
— 0.00024BW00024m

FFM, WB, WL, m, WH —3.379 + 0.926FFM + 0.024WB — 0.0011WI 0.8082
— 0.00017BW00017m + 0.0027WH

FFM, WB, WI, m, WH, WG —3.5726 + 0.976FFM + 0.055WB + 0.0124WI 0.8792

— 0.002BW002m — 0.015WH — 0.0047WG

FFM fat meter (%), WB width of the body (mm), WI weight of intestine (g), m body weight (g), WH weight
of hepatopancreas (g), WG weight of gonads (g)

such as diet and morphometric characteristics, which are described in the materials and
methods, and fat content determined by FFM and calliper, respectively. Tables 8 and 9
present the adjusted index of determination for the best multiple linear regression models
with different complexity (in terms of number of explanatory variables) determined by the
exhaustive search for FFM and calliper. Among the variables, volume had a large effect in
terms of increasing Rgdj. The preferred model for FFM had another 5 variables (WB, WI,
m, WH and WG) and explains 88 % of the variation in fat content. For calliper, the
preferred model had 7 variables in equation (WH, WB, BH, CD, ED, PD and WG), which
explained 91 % of the variation in fat content. In some studies were reported similar
prediction models with different variables but mostly for fillet weight and fillet yield of
different fish species (e.g. Rutten et al. 2004; Sang et al. 2009). Sang et al. (2009) found out
5 variables in the equation for the final model, which explained 86 % of the variation in
fillet weight and 4 variables for the final model explaining 77 % of the variation for fillet
yield of river catfish. As well Rutten et al. (2004) found out 5 variables for the best model
in the equation for fillet yield and 4 variables for the best model for fillet yield for tilapia.

Practical application
In addition there are some practical considerations of these rapid methods of fat prediction

such as how much the instrument and analysis cost, difficulty of use, requirements for skill
of users, time per analysis. A relative order of priority of the methods is shown in Table 10.
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Table 9 Potentially best multiple linear regression models for different complexity of regression model for
calliper

Model (included variables)  Regression model for fat prediction R§ i

Calliper —4,4766 + 1.5713Calliper 0.5864

Calliper, WH —2.9635 + 0.9837Calliper + 0.01199WH 0.8073

Calliper, WH, CB —2.09294 + 1.0082Calliper 4+ 0.0132WH — 0.003113CB 0.8046

Calliper, WH, WB, BH —2.5634 + 1.01058Calliper + 0.010932WH 0.8055

+ 0.0335WB — 0.02322BH

Calliper, WH, WB, BH, —2.0877 + 1.01691Calliper + 0.00896WH + 0.02422WB 0.8019
CD, ED, PD — 0.01857BH — 0.1CD—0.4629ED — 0.18902PD

Calliper, WH, WB, BH, 1.051 + 1.119Calliper + 0.0168WH + 0.0823WB — 0.0872BH  0.9078
CD, ED, PD, WG + 0.0258CD — 0.37198ED — 0.14846PD + 0.0064WG

WH weight of hepatopancreas (g), CB circumference of the fish body (mm), WB width of the body (mm), BH
body height (mm), WG weight of gonads (g), CD cereal diet (1), ED extruded diet (1), PD pelleted diet (1)

Table 10 Relative order of priority of the methods in terms of practical use

Scaling factor Relative order of priority (lowest to greatest)*
Cost per instrument Calliper < FFM < chemical analysis
Cost per analysis Calliper < FFM < chemical analysis
Time consuming FFM < calliper < chemical analysis
Requirements for skills Calliper < FFM < chemical analysis
Precision Chemical analysis < FFM < calliper

* These factors are according to authors$ personal experience and the classification is subjected

The calliper method is very simple to estimate the fat content and very cheap, but there is a
potentially lower precision due to the possible damage of the layer of back fat on the
skeleton during the filleting. The chemical analysis is full laboratory and achieves the level
of analytical precision. On the other hand, laboratory analysis is more time consuming
compared to FMM or calliper. The FFM is easy to use, and the big advantage is pre-
calibration for different fish species. Moreover, the FFM is a unique instrument and might
be used on a live fish because of the non-invasive and non-destructive application and the
time per analysis is the fastest form compared to other methods. This was confirmed by
Vogt et al. (2002) who reported similar relative ranking of different rapid methods on the
basic of practical consideration. In the study of Vogt et al. (2002), the lowest time per
analysis was measured for the Torry Fat meter, while the greatest time per analysis was
stated for laboratory analysis. In the same study, the greatest required operation skill level
was stated for laboratory analysis, while the lowest operation skill level was stated for the
Torry Fat meter (Vogt et al. 2002), which is in accordance with our findings.

Conclusion
It might be concluded, that it is possible to measure or estimate fat content on mar-

ketable size carps using the tested rapid methods in situ. The FFM is non-destructive and
non-invasive in use and for this reason can be used equally well on live or dead fish. In
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addition the investigation of fat content is quite fast. Moreover, using the FFM and calliper
is fully convenient for fat determination. The inclusion of other explanatory variables is
relatively redundant, because of more time consumption to estimate other parameters
(variables). But nevertheless, for more precise fat prediction, inclusion of morphological
parameters could be useful and increase the adjusted index of determination according to
the multiple linear regression model. Using the calliper might be useful in practice too, due
to its minimal manufactory costs, speed of fat content evaluation with a high fidelity.
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Abstract

SAMPELS S., Zajic T., MRAzZ J. (2014): Effects of frying fat and preparation on carp (Cyprinus carpio) fillet
lipid composition and oxidation. Czech J. Food Sci., 32: 493-502.

We investigated the changes in omega-3 enriched carp fillets caused by pan frying. The investigated characteristics
were fat uptake, fatty acid (FA) composition, and oxidation. Four different fats were used and fillets were fried plain
or battered. The fillet fat content increased during frying and FA composition in the fillets reflected the composition
of the frying fat. Frying with sunflower oil negatively influenced the nutritional value by decreasing the n-3/n-6 ratio
in the fillets. Frying with rapeseed oil preserved the favourable n-3/n-6 ratio without increasing the saturated fatty
acids (SFA). Frying with lard and butter preserved the n-3/n-6 ratio but increased the SFA content. No increased
oxidation occurred with the use of rapeseed oil. We concluded that using rapeseed oil for fish seemed to preserve the

nutritionally valuable composition best.
Keywords: DHA; EPA; TBARS; nutritional quality

List of abbreviations (in the order of appearance): FA = fatty acids; SFA = saturated fatty acids; MUFA = monounsaturated
fatty acids; PUFA = polyunsaturated fatty acids; omega 6 = n-6; omega 3 = n-3; FAME = fatty acid methyl esters; TBARS =
thiobarbituric acid reactive substances; MDA = malondialdehyde; EPA = eicosapentaenoic acid; DHA = docosahexaenoic
acid; AA = arachidonic acid; DPA = docosapentaenoic acid

occurrence of cardiovascular and atherosclerotic
diseases, type 2 diabetes and obesity (SiMOPOULOS

The inclusion of fish and fish products in the human
diet at least twice a week is recommended from the

nutritional point of view, due to the high content of
omega 3 polyunsaturated fatty acids (n-3 PUFA) in
marine and fresh water fishes (STEFFENS 1997; EFSA
2009; EFSA Panel on Dietetic Products 2010). The
n-3 PUFA are well known to have positive effects
on different health aspects such as, for example,
metabolic syndrome, obesity, diabetes, arterioscle-
rosis, neural and brain development (STORLIEN et
al. 1997; CONNOR 2000; WiLLIAMS 2000; CALDER
& GRIMBLE 2002; RICHARDSON 2006). However,
today’s Western diet contains an increasing con-
tent of omega 6 (n-6) PUFA, leading to increased

1999; AILHAUD et al. 2006).

Both n-6 and n-3 PUFA are precursors of a variety
of divers chemical messengers, regulating factors,
and eicosanoids like prostaglandins, leukotriens and
related substances, which play important roles in the
inflammation and regulation of immunity (KINSELLA
1988; HORROBIN 1995; CALDER 1997, 2001). Since
metabolites of n-3 and n-6 PUFA have different,
often opposing biological actions and potencies, the
intake ratio between n-3 and n-6 PUFA is important
(CALDER 2001; ScHMITZ & ECKER 2008). There is a
competition between the enzymes involved in the

Supported by the Ministry of Education, Youth and Sports of the Czech Republic, Projects “CENAKVA” (No.
CZ.1.05/2.1.00/01.0024), “CENAKVA II” (No. LO1205 under the NPU I program), and Internal Grant Agency

USB (GAJU) No. 047/2010/Z.
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elongation and desaturation of n-3 and n-6 FA as well
as for the production of their respective metabolites,
which will lead to increased n-6 metabolites if n-6 FA
are present in a much higher proportion than the n-3
ones. In addition, high amounts of 18:2n-6 decrease
the conversion of 18:3n-3 to 20:5n-3 (SIMOPOULOS
2000). The values of 1 to 4 for n-6/n-3 in the diet
have been recommended while in today’s Western
diets this ratio is often 15 to 20 (SiMorouULOSs 2002a).

It is known from earlier studies that the type of
preparation has some influence on the final fatty acid
(FA) composition of the product and that especially
during frying the fat used will have some influence
on the FA composition of the final product (AGREN
& HANNINEN 1993; RAMIREZ et al. 2005; SIOEN et
al. 2006; WEBER et al. 2008). The effects are partly
due to the heat which can cause oxidation, but also
due to the fact that during frying the exchange of
water and fat will occur in which some water from the
surface layer of the fried object is exchanged with the
frying fat (CANDELA ef al. 1998; DOBARGANES et al.
2000). In addition, when dealing with an object like
fatty fish whose fat, due to its high unsaturation, has
a very low melting point and a higher liquidity than
the frying fat, a loss may also happen of the original
fat due to leakage. Furthermore, the possibility of
fat leakage may also depend on the fish fat content
(S10EN et al. 2006).

Most of the work until now has been done in deep-
fat frying whereas only few researchers investigate pan
frying (MA1 et al. 1978; AL-SAGHIR et al. 2004; SIOEN
et al. 2006; HAAK et al. 2007). On the other hand,
pan-frying is one of the most frequently used ways
to prepare fish or fish products at home. Therefore,
the knowledge of what happens during this process
is important when giving nutritional recommenda-
tions to consumers.

Many investigators have fried fish in sunflower oil
and found increased proportions of 18:2n-6 influ-
encing the n-3/n-6 ratio enormously (GLADYSHEV
et al. 2006, 2007). On the other hand, in a study on
catfish fried in canola oil 18:3n-3 was increased and
thereby also the n-3/n-6 ratio leading to a more valu-
able nutritional composition (WEBER et al. 2008).

In the Czech Republic and central Europe, the carp
is a commonly consumed fish species and recently
an omega 3 rich carp has been patented and is sold
on the market as a product with positive effects on
health, based on the results from a clinical study
(ADAMKOVA et al. 2011; MRAZ et al. 2011). The
intake of two 200 g portions of this carp rich in n-3
per week improved the blood lipid values of patients
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recovering from ischemic heart disease (ADAMKOVA
et al. 2011).

There are only very few papers concerning the
preparation of carp before the consumption at home.
Some authors investigated cooking methods without
adding any oil or fat and only one reference was found
to the investigation of deep fat frying of whole carp
fillets. (TOTHMARKUS & SASSKISS 1993; DE CASTRO
et al. 2007; NASERI et al. 2010). A very recent publi-
cation described for the first time shallow fat frying
of silver carp with olive, sunflower, and canola oils
(RAHIMABADI & DAD 2012).

Especially with the new developed n-3 rich carp is
it important to know what types of changes can oc-
cur in the fish’s FA composition when using different
types of frying fat. This is why we chose butter and
lard besides sunflower and rapeseed oils as the most
commonly used oils in Czech homes. In addition, we
fried the fillets plain and battered, which is also a
typical way of preparation in Czech homes. Besides
FA composition, we also monitored the oxidation
due to frying with different fats.

The aim was to observe the combined effects of
fat exchange and oxidation for us to be able to make
suggestions on the preferable way to prepare carp in
order to retain its nutritional value. As the effects
may be similar to those with other oily fish species,
the results can also have a more general use.

MATERIAL AND METHODS

Fish samples. Twelve 4-year-old market scaly carp
(Cyprinus carpio) were used, reared for one season
(April-September) with a rapeseed/linseed pellet
supplementation for an enriched content of n-3 FA.

After harvesting and purging, the fish were killed
and filleted. Fillets were frozen in —20°C until the
frying experiment. All samples were stored frozen
for the same period of time.

Lard, butter, rapeseed oil, and sunflower oil ob-
tained in the local supermarket were used for frying.
Before frying, the fish fillets were cut in three similar
parts. Front and back parts of the fillets were cut
makling about 100 g sized pieces to be fried, while
the minor middle part was used as raw control for
each fillet. From each corresponding fillet one back
and one front part were used to be fried in the same
fat source, either with or without a batter. The batter
was prepared according to the traditional recipe by
first turning the filet piece in wheat flour, then in
beaten egg and finally in breadcrumbs. No spices or
salt were added. For frying, 50 ml of the fat (butter
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and lard were carefully melted before use) were used
to fry the two pieces of the same fish and the same
treatment (plain or battered) in a Teflon pan with
24 cm in diameter. The amount of fat was chosen so
that the bottom of the pan was covered with liquid fat.
The fat was heated to approximately 130°C and then
the pieces were fried for 4 + 4 min on each side, and
then for additional 2 min on each side until reaching
a core temperature of 65°C, measured with a meat
thermometer. After frying and cooling, the whole
pieces were separately minced in a table blender to
assure that all edible parts were included equally in
the sample. The 2 stripes of raw samples from one
fish were combined and minced together. For each
fat type, three fish were used resulting in 3 duplicate
plain fried pieces, 3 duplicate battered fried pieces,
and 3 raw samples. The minced samples were frozen
and kept at —80°C until further analysis.

Total fat content and FA composition. The lipid
extraction was performed according to HARA and
RADIN (1978), with a slight modification. The sam-
ples were semi-thawed, and sub-samples of approx.
1 g were taken for the extraction from the fish, and
of 200 mg from the fats. The samples were homog-
enised for 3 x 30 s in 10 ml of hexane: isopropanol
(3:2 v/v) using an Ultra Turrax (T25; IKA-Werke
Janke & Kunkel GmbH & Co, Staufen, Germany),
and 6.5 ml Na,SO, solution (0.47M) was added. The
homogenate was left to separate in 4°C for 20 min
and the upper phase was then transferred to a new
tube and evaporated under N,. The lipid content of
the fillet pieces was determined gravimetrically from
this total extracted lipid, which was then dissolved
in 1 ml of hexane. The samples were stored at —80°C
in normal atmosphere until further analyses.

FA from the total lipids were methylated with boron
triflouoride-methanol complex (BF3) (APPELQVIST
1968). To each sample, 2 ml of a 0.01M solution of
NaOH in dry methanol was added, and the samples
were then heated for 10 min at 60°C. Further, 3 ml
of BF, reagent were added and the samples were
reheated at 60°C for 10 minutes. Thereafter, the
tubes were cooled in ice water and 2 ml of a 3.42M
NaCl solution in water was added to all tubes. The
FA methyl esters (FAME) were extracted with 2 ml
of hexane, the upper layer was transferred to a new
tube and evaporated under nitrogen to dryness.
The lipids were dissolved in 0.5 ml of hexane and
stored under normal atmosphere at —80°C until gas
chromatography analysis.

The FAME were then analysed with a gas chroma-
tograph (Trace Ultra FID; Thermo Scientific, Milan,

Italy) equipped with a flame ionisation detector and
PVT injector, using a BPX 70 column (SGE Inc.,
Austin, USA), length 50 m, i.d. 0.22 mm, and film
thickness 0.25 um. The GC was programmed with a
constant gas flow of 1.2 ml/min and a temperature
program which started at 70°C for 0.5 min, followed by
aramp of 30°C/min up to 150°C, a second ramp with
a rate of 2°C/min up to 220°C, and a final constant
time of 11 min at 220°C. The injector and detector
temperatures were programmed at 150 and 250°C,
respectively. The injector was programmed in split-
less mode, with a splitless time of 0.8 min and a split
flow of 25 ml/minute. The peaks were identified by
comparing their retention times with those of the
standard mixture GLC-68D (Nu-Chek Prep, Elysian,
USA) and other authentic standards (Nu-Chek Prep,
Elysian, USA; Larodan, Sweden).

Oxidation. The analysis of thiobarbituric acid
reactive substances (TBARS) was conducted in the
fresh and fried fillets according to a method described
by MILLER (1998). After reaction in darkness for
15-20 h (overnight) at room temperature (20°C), the
reaction complex was detected at a wavelength of
530 nm against the sample blank using a UV-visual
spectrophotometer (Specord 210; Analytik Jena,
Germany). The results were expressed as malonal-
dehyde equivalents (MDA) in pg/g.

Statistics and calculation. The averages and
standard deviations were calculated in Excel and
the statistical evaluation was performed using the
Mixed Procedure in SAS (Version 9.1; SAS Institute
Inc., Cary, USA). The changes in FA percentages
were calculated in Excel.

RESULTS

Total fat content. Fat content is presented in Ta-
ble 1. The fat content increased significantly due to
frying and even more when the fillet was battered
before frying. The increase difference between the
plain fried and battered fried fillets was significant
for lard.

Fatty acid composition. FA composition in raw
and fried samples is presented in Table 1. The main
FA of the fats are shown in Table 2. After frying the
fillets showed an increase in the major FA from the
different fats and oils used for frying. When using
butter for frying, SFA significantly increased from
raw to plain fried and to fried in batter, while MUFA
and PUFA decreased. The difference, however, was
significant only when the fillets were fried battered.
The FA that increased most were C14:0 and C16:0

495



Czech |. Food Sci.

493-502

Vol. 32, 2014, No. 5

spioe £17eJ 9 e3owo pue ¢ BF9UIO JO WNS ) USIM]d] ORI = 9-U/g-U ‘SPIoe A13e] pajeinjesunijod Jo wns = yiNJ ‘SPIOR £11] pajeIniesunouow Jo wms = VINA

‘spIoe A13ej pajeInjes Jo ums = 4§ ‘¢ eSowo = ¢-u ‘g e3owo = 9-u (g = #) SIeJ JUSIAYIP sso1oe ad4) Suikiy sures 10 Ysy mel ay) Uaamiaq (G0°0 > J) SIOUIYIP JuedYTUSIS 9JedIpUT

MOI ® U] $13139] [[BUWIS JUSIPIP,_, ‘J8J SWES 3} Ul J933eq Ul PaLLy sy pue ‘Ysy patty ure[d ‘Ysy mel uaamiaq (50°0 > J) 2OUIPIP JUBDYIUSIS 33edIPUL MOI B UT $19339] [e31deDd JUSISPIP,

7980 F€V'0  4PSOFIVO0 q€T0F66'0 800 +9¥0 T0°'0 290 €00+880 46T0+FTV0 4ET0+€90 aST0+¢eT IT0+290 0T°0 * €8°0 STOFP60 9-U/g-U
706 CT FTTIV 5PTOT F6'€EE 6L T+ L9T  ¢64°S F6'61 €80+ L9T ELTFO0GT LP0FTTT  qb6l0+ TCI 8TTHT'ST SST+6CL 8I'T+05S8 06C+6'T1 9-u
eg€G T+ GL'E  gS9TF199 qq€9TF 99T qgIL0FTES qzqSE€E0F €01 €S T+ TET o0V CFOT'S  ogCLTF65L  qqO0CTF86T W8T F69T 0L TF8T'L q6CTFTTI ¢g-u
GV CT F T'SY 53q88°6 F 90V qeqP6' € F V'EE  CI'SFE€8C  LT'TF+F69C q0TEFTBC gC9CFCLL  qegl6TFLOL  qq0TEF 6TE  eg€CCF T'CT vgqbl'CF8'GT oqCI'LFEET vind
LE6FTBE  8ELFO6O0V L 9V8F9GE q3q85°6 F9LG 640 F G8G qeq8LEF G8Y LS FLEY LTUTF 8TV  5q56 7 F €0V og60F F 0°6E e3q97'9 ¥ 8TV ¢qC8'S + 0°CS VAN
g€V EFGOT 799 CF V8T qqSLOT F T'TE 5309 T FCPT 80T FOFPT  eq09°0 F V'EC qqCT TV F T'6€ g6 € FVLE  quaVL' T F LVC  o3E€8° € F ETG  ogPET F 80V qeq€0T + 9°5C A&
gITOFO0P'0 1670 F 980 oqSECFIPT LTOFBED PTOFERO q0L0F IET ECO0F950 PTOF 660 qq9TTF6LE€ 1IT0F8S0 4E€€0F860 q080F€0CT €-U9TCD
7000 F 020  4CC0F 670 ¢q880F€9T L0T0OFITO0 4900 F8E0 qlCOFO60T 3600FCTEO  4800F950 ¢q8L0FF6'T 4ITOFFPEOD 39600 FFS0 q6C0F S6°0 €-UGTCD
gCCT0F 590  LEOFOET HqbETF6LE 19€0FL90 ZITOFCTT oqPS0FE9T 3LF0F060 ZISOFIST q€CTFOLY 48C0FGL0 46T0F€CT q080F I1TC €-UG0CD
7600 F 800 4800 F TC0 ¢q8€0 ¥ 550 900 ¥ 0T°0 SO0 FGT0  I0O0FSTO0 40C0FST0 4q8T0F6C0 qql0°0* 870 L0°0 ¥ 9T°0 0T'0 ¥ L80  qLT'0FCE0 1:¢CO
80°0 ¥ 800 610 F9€0  SC0+F6C0 TT°0 ¥ 90°0 ET0FSGT0  0T0FLEO 46C0FGCTO0 4€T0F8T0 qqCT'TFET'T 700 ¥ S0°0 L00F9T'0  CT'0+8T0 €-UE0CD
7000 F G7'0  40€0F €L0 qL0CTF96'C 4ET0FTCHO 48C0F890 q€90F6CC ICOF880 4LTOFETT q96'0 ¥ 08'% PI'0F €L0 8T'0 ¥ 0T'T 050 68T 9-UF:0CD
7000 900 4500 F €T'0 vqCC'OF0F'0 4800+ S00 4800F IT0 qqZ00F8F0 4800F 600 3200 F8T'0 qq€C0F850 4F00F IT0 34900+ IT0 +q80°0F8C0 9-UE0CTD
q@lT'0F 650 487 0F 80T g8 TF9VC e6C0FO0F'T 4I80F 660 qq6E€0FEST 910+ T6'0 €COFLT'T 90T FECT q3SC0F 060 3qST°0F 6€T qqg0T'0+ 00T 6-UT:0CTD
e8I TFIFC ogSETFTI9E 8T TFIV8  (OVTF669 qPEOFO6LL qI80FFLO og09'T F80C P8 T FVETY qeql0TF IT8  o3STT F96C eqqCC'T F LIY oq0EC+T6'S €-UEBID
28T FT F9°0% 58701 #8CE  (8LOFTTL S9GFT6I 00T F9GT 6T TFVIT  FO0F6'0T qIl0FS0T SCTFTIL IVIF€E9 «C0'T + 89 9T'C+06 9-UTBID
2qG90 F TLT qalb0F 90T  qIOTFOET qqlT'TFILE 3quCT0OF SEE  GEE0TFLEE ICOTTLT qCTOFS8T 80T T OVT 40SE0 F COT quaqlE0 F8ST  STOFCHE L-UT:BID
qaC 0T F9°GE oGV T FOFE qq8S8FEFE  q€8F L6V m9F'T F G095 oq0TEFFTIE 0970 F 6'SE e€6'0 F 6'CE EB'EFGOC  ETTFTTIE 80T FLEE  SOFTFTLE 6-ULBID
2300'T F 78°C oegqPL'0 F LYY (OTCF IS99 LP80F0T'E  LCE0FLTE IS0 FCT'S qzC9C+ETCT PV TF6'TT qS6'T FEET 08T FIVL FVTFICT9 LT0FCT'S 0:81D
V0T FPTT  g08'T F ST'€ qeql9'G + GL9 6 0F8IT BYVOFLET (CVTFETT @S80FTVIE (E0TFCTLE Q9TFEOT  oqVCT F 99T eqq€L TFTI'9 88T +CLL T:91D
qa6C 0 F ITF'0  gLTOFE90 >qSP0F6ST €CO0F V0 4900 F 650 qq6C0F TOT eg€C0F99°0  49C0 F L8°0 5qeqb6V'0 F GET qegIT0+F 990  qL0'0 F €80 qeg0T'0OFPI'T nI191d
gV FE€CT  z06'T F 8CT qO0S'T+TI8T o30€€FTO0T ¢q06'0 F 70T 640 F 89T 3¥8°0 ¥ TC'SC gCS'T + S6'€EC  qCTOF L'BT  ¢3L8' T+ E0€ g80T+€ESC 88 T+06I 091D
qVCOF V0 3T 0 F09°0  ¢ISOFECT LITOFOF0 5600 F¥S0 LTOFPOT qSO0FEFT 800 F8F'1 9TOFVOT COTFTIT'8 480 T+FICS 600+61T 0FID
qCEECFO6'ET 490G F6'TT  qIEVPFL0'S FETFTET  6€TFLV6 SOTFPLE 80T FOFT 4941 FT86 qS9TFLOE  S9TFIPL  9TE€EFSO0T  GESTF 69T I8J[BIOL
ﬁ”ﬂﬂ%@ urerd pavy Mmelx suwwwﬂwd urerd paLy mex :hwmﬂ%d urerd paLyg mex fwmwﬁmd urerd paryj mex
[10 Tamopjung [10 paasadey pIeq 1ayng

(UOTJRIASD pIEpUE)S F SOTRIIAR) [0IJUOD MBI UMO IV} SB ST OB }IM I91)JB(-PLaI] B IIM PaIdA0D 10 ure[d ‘s)ej JUSIdHIP UT PaLIy
‘(yuawjean) yoeo ul ¢ = ) dIed Jo SI9[[J PALIJ PUR MBI UT (PIYTIUPI 8103 JO 9%) UonIsodurod proe A13ej pue (19338q [3IM PUE UDS YIIM I3[ S[OYM UT %) JU2JU0D Je] ‘T d[qeL,

496



Czech |. Food Sci.

Vol. 32, 2014, No. 5: 493-502

Table 2. Fatty acid composition in the oils and fats used
for frying (% of total identified)

butter lard oil
rapeseed sunflower

C10:0 3.11 nd nd nd
C12:0 4.35 0.11 nd nd
C14:0 13.8 1.56 0.07 0.09
C16:0 38.6 27.8 4.58 6.60
C18:0 10.3 17.4 1.59 3.25
C18:1n-9 22.6 35.7 60.5 26.5

C18:1n-7 0.74 2.42 3.32 0.73
C18:2n-6 2.44 10.2 19.0 60.8

C18:3n-3 0.57 0.84 8.46 0.36

nd = not detected

(Figure 1). The highest increase was in 16:0 which
was also the major FA in butter (38.6%).

Frying with lard resulted in significant increase
of SFA and significant decrease of PUFA and n-3,
while n-6 was stable. The main FA increasing were
C16:0 and C18:0 while all unsaturated FA decreased
more or less significantly. The decrease in n-3 also
caused a significant decrease in the n-3/n-6 ratio.

Frying with rapeseed oil led to significantly de-
creased SFA and significant increase of MUFA. In
the battered fillets after frying even the total n-3 FA
were significantly decreased as compared to the raw
fillets. However, that decrease was not significant
in the plain fried fillets. The main FA increased was
18:1n-9 (Figure 1). Frying with rapeseed oil resulted
in an increase of 18:1n-9 up to 50% and up to 8% of

35

O fried plain in butter
(%)

301 & fried plain in lard B fried battered in lard
254 B fried plain in rapeseed oil

204 O fried plain in sunflower oil

O fried battered in butter

D fried battered in rapeseed oil

& fried battered in sunflower oil

18:3n-3, reflecting the proportions of these FA in
the oil. In the oil used, the proportions of these FA
were 60 and 8.5%, respectively.

The fillets fried in sunflower oil showed a signifi-
cant increase in total PUFA and n-6 FA, while SFA
and n-3 FA decreased significantly. The FA that in-
creased significantly were 18:2n-6 and 18:1n-9. The
significant increase in n-6 also caused a significant
decrease in the n-3/n-6 ratio.

The total proportion of n-3 was significantly de-
creased due to the frying process in all samples,
however, in the samples fried with rapeseed oil this
decrease was the lowest in percentage (36.5% com-
pared to 48.1, 74.2, and 77.4% in battered samples
fried with rapeseed oil, butter, lard, and sunflower
oil, respectively). At the same time, the proportion
of total n-6 increased slightly in the samples fried
with butter and lard and significantly in the samples
fried with sunflower oil. 20:5n-3 (eicosapentaenoic
acid, EPA), 22:5n-3 (docosapentaenoic acid, DPA)
and 22:6n-3 (docosahexaenoic acid, DHA) decreased
significantly in all frying treatments independently
of the fat used.

20:4n-6 (arachidonic acid, AA) decreased signifi-
cantly due to frying with lard, rapeseed oil, and
sunflower oil, however, not when butter was used.

Oxidation. TBARS were similar among the raw fish
samples were similar. Frying increased TBARS in the
fish fried with lard and sunflower oils significantly,
while butter did not increase TBARS and frying
with rapeseed oil only showed a tendency towards
increased TBARS values (P = 0.0674). TBARS in
the battered fillets were not analysed as the bat-

—154

C14:0

C16:0 C18:0 C18:1n-9

Figure 1. Changes in selected

a1

C18:3n-3

fatty acid percentages in plain
or battered carp fillets (n = 3 in
each treatment), due to frying

C18:2n-6 in different fats
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Figure 2. Prediction plot of fillet fatty acid composition
(%) according to the dilution model; showing observed
versus predicted percentages of fatty acids

ter interfered with the TBA solution leading to a
yellowish colour, making the comparison with the
standard impossible.

DISCUSSION

In the present study, the main aim was to investi-
gate the effects of pan frying on the nutritional value
of carp fillets. The fact that the carp fillets had an
enriched content of n-3 PUFA compared to the fil-
lets from normal production created an additional
necessity to investigate the effect of frying on this
special product.

Total lipid content. During frying, the lipid con-
tent in the fillets increased to approximately twice
the amount when the fillets were fried plain and up
to threefold amount when the fillets were battered.
An increase of the lipid content in fish fillets during
the preparation has been reported earlier by various
researchers with salmon, cod, herring and other fish
species (MAI et al. 1978; GLADYSHEV et al. 2006,
2007; SIOEN et al. 2006; WEBER et al. 2008). An even
higher increase of the lipid content was found during
frying with or without breading in bluegill (Lepomis
macrochirus) and white sucker (Catostomus commer-
soni) fillets, where the lipid content increased nearly
10 times when fried with breading and fourfold in
the white sucker when fried without breading (M A1
et al. 1978). In the same study, the increase of the
lipid content in lake trout (Savelinus namaycush),
however, was not as drastic (from 8.8% to 9.5%),
which probably can be ascribed to the higher lipid
content in the trout fillets.

Nevertheless, the increase of the lipid content in
the fillets in our study was independent of the fat
source. This is in line with earlier results reporting
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a significant increase in the lipid content in silver
catfish (Rhamdia quelen) due to panfrying while no
variance was found in the lipid content inrelation to
frying with different oils (WEBER et al. 2008). When
comparing the different species, it is obvious that in
general the lipid content in lean fish like cod increased
to a much higher percentage than in fatty fish. Even
earlier it was concluded that lean fish take up more
fat and the lipid changes are greater compared to
more fatty fish (MA1 et al. 1978).

Consequently, the lipid uptake in fish fillets during
pan-frying seems to be negatively correlated with the
raw fish fat content. This hypothesis is strengthened
by the fact that the fat content in the catfish fillets
increased more compared to our carp fillets (WEBER
et al. 2008). In our trial, the plain fried carp had the
fat content from 9.5-11.9% while the reported fat
content in the fried catfish was 13—14% (WEBER et
al. 2008).

Fatty acid composition. Several significant changes
in the FA composition in the fillets were found after
frying. For rapeseed oil, the highest increase was
found for 18:1n-9. It was discussed that 18:1n-9
is a FA easily taken up as it has a higher viscosity
compared to the more unsaturated FA and a higher
adherence to the material to be fried (KALOGERO-
POULOS et al. 2007). The same authors showed an
increased uptake of 18:1n-9 in pan-fried potatoes.
Also in catfish an increased uptake of 18:1n-9 from
canola oil was found, which is in line with our find-
ings (WEBER et al. 2008). However, in the fillets fried
with lard, it can be observed in the present study
that the SFA seem to have an even stronger effect
as the lard we used had 18:1n-9 as the major FA but
the main increasing FA was 18:0, of which there was
only 17.4% compared to 35.7% of 18:1n-9.

In addition, the increase in 18:0 in the fillets fried
with lard was relatively higher than that in 16:0 de-
spite the higher content of 16:0 in lard. This could be
due to either the higher liquidity of 18:0 and hence
an easier uptake into the fillet or the higher content
of 16:0 in the raw fillets, as their ratio of these FA
in the fillets was approaching to the ratio in lard
(16:0/18:0 from 4.3 to 2.0 in the raw and fried fillets,
respectively, compared to 0.8 in lard). Furthermore
we found a significant increase of 14:0 and a minor
increase of 18:0 in the samples fried with butter,
despite the fact that the proportion of 18:1n-9 was
higher in butter than the proportion of SFA. This
would strengthen the hypothesis that the FA are
taken up into the fish fillets depending on the FA
composition both of the fat used and of the raw fillet
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in a way that the final FA composition in the fried
fish reflects the FA proportion in the used oil. This
might be influenced in addition by the lipid content
of the raw fillets with lean fish facilitating a higher
uptake of lipid compared with fatty fish.

This hypothesis is supported by the results show-
ing an increase in 18:3n-3 in catfish when frying
in canola oil in opposite to our results with carp
(WEBER et al. 2008). This can be explained by the
fact that the raw catfish fillets had a lower total fat
content and a lower percentage of 18:3n-3 (2.5 and
1.4%, respectively) compared to our carp (3.1-5.1
and 5.9-8.5%, respectively), hence leading to an in-
creased overall uptake of fat and also to a relatively
increased proportion of 18:3n-3 reflecting the greater
discrepancy in these FA between oil and fish.

Also in the study on shallow- and deep-fat frying
of silver carp from Iran the FA composition in the
fried fillets reflected the FA composition of the frying
fats to a great extent (RAHIMABADI & DAD 2012).
However, as these authors did not report the total
fat content before and after frying, it is difficult to
estimate the influence of the fat content.

The significant decrease of EPA, DPA, and DHA
in all frying treatments independent of the fat used
depends most probably on the fact that these FA were
not present in the frying fats and hence could not be
taken up. As our results are expressed in proportions
of FA and not in the absolute amounts, the decrease
is derived only relatively and consequentially from
the increase of the major FA from the frying fats.

Concerning the nutritional value of fish in general
and especially of our n-3 enriched carp fillets in the
present study, it can be stated that frying with lard
and sunflower oil resulted in a significant decrease of
the n-3/n-6 ratio, while the ratio was stable when the
fillets were fried with butter or rapeseed oil. However,
the desaturase systems for the metabolism of the
parental n-3 and n-6 FA ALA and LA are the same
for both n-3 and n-6 FA (DE HENAUW et al. 2007;
PaLMqQuisT 2009). Even though delta 6 desaturase
has a higher affinity for ALA than for LA, due to the
much higher dietary intake the n-6 PUFA have been

suggested to limit the conversion of LA to eicosapen-
taenoic acid = 20:5 n-3 (EPA) and DHA) (PALMQUIST
2009). Thus especially the use of lard and sunflower
oil decreased the nutritional value of the fish by
changing the n-3/n-6 ratio, as the higher intake of
n-6 will shift the human metabolic pathways of n-3
and n-6 FA more towards the n-6 products, which
are connected to increased inflammation and platelet
aggregation (SiMmorouLos 2002b). For this reason,
a balanced intake of n-6 and n-3 FA is important.
This makes butter and rapeseed oil better candidates
for fish frying fats. However, as frying with butter
resulted in increased SFA in the fillets, the use of
butter will also decrease the nutritional value of fish.
SFA are also well-known for their negative effects on
human health, such as, for example, increased blood
cholesterol and prevalence of coronary heart disease
(WiLLiaMms 2000). This general conclusion has been
discussed more recently as it is not valid for stearic
acid, for example, and has not been well investigated
for the medium chain FA (GRUNDY 1997). However,
it is true for palmitic acid 16:0 which was the major
FA increased after frying with butter. Following this
rationale, as concerns the final FA composition of
the fried fish fillets, rapeseed oil showed to be the
best choice, preserving the n-3/n-6 ratio in the fil-
lets without increasing the content of SFA at the
same time.

Oxidation. Unexpectedly, rapeseed oil proved to
have a similar good stability against oxidation as
butter. In general, oxidation of oil is positively cor-
related to the number of double bonds from 18:2n-6
and 18:3n-3 and negatively correlated with 18:1n-9
(KAMAL-ELDIN 2006). Therefore the question arises
if the use of an oil rich in 18:3n-3 will lead to in-
creased oxidation in the final product. In our present
study, we could not find an increased oxidation with
rapeseed oil compared to sunflower oil (Table 3).
Considering the conclusions drawn by Kamal Eldin,
this could be explained by the high proportion of
18:1n-9 in the rapeseed oil used in the present study
(KAMAL-ELDIN 2006). As this was 60%, it could have
protected the rapeseed oil during frying as it has been

Table 3. TBARS in raw and plain fried pieces from carp fillets (# = 3 in each treatment) fried in different oils (ug

malondioaldehyd/g fish; average + SD)

Butter Lard Rapeseed oil Dunflower oil
Raw 0.37 + 0.05 0.61 + 0.49% 0.44 + 0.21 0.42 + 0.314
Fried plain 0.58 + 0.22° 2.03 + 0.555P 0.97 + 0.23%¢ 1.42 + 0.40B¢

Different capital letters in a column indicate significant differences (P < 0.5) between raw and fried fish (# =12); different small

letters in a row indicate significant difference between fillets fried in different fats
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shown that 18:1n-9 could act as an inert (ROMERO &
MoRTON 1977). Also other researchers showed an
increased stability of canola, peanut and sunflower
oils with increased proportions of 18:1n-9 (O’KEEFE et
al. 1993; MARTi-POLVILLO et al. 1996; PETUKHOV et
al. 1999). Consequently, we hypothesise that the high
percentage of 18:1n-9 in the rapeseed oil compared to
the used sunflower oil and the other fats leads to the
good oxidative stability in comparison to the other fats.

The significant increase of oxidation after frying
with lard was unexpected as the lard was very rich
in SFA that are relatively stable during oxidation.
One reason could be that the lard was more oxidised
from the beginning due to the processing procedure,
which includes heating. Our results of MDA contents
suggest that lard was the most oxidised among the
fats used in the present trial. However, as described
above, the measurement was heavily influenced
by the high background absorbance, which we did
not manage to extinguish. Further investigation is
needed in this area.

CONCLUSIONS

We conclude that frying n-3 rich carp fillets with
rapeseed oil preserved the favourable n-3/n-6 ratio
without increasing the saturated fats content. It seems
that FA uptake in fish is negatively correlated with
the raw fish fat content and positively correlated with
the FA composition in the frying fat used. Comparing
our results with earlier studies in the literature, we
expect similar changes of FA composition in other
fish species with similar fat contents. However, the
concrete mechanisms for the uptake and leakage of
FA into and from fish fillets need to be investigated
additionally, in order to be able to give recommenda-
tions to the public and official institutions dealing
with human nutrition for the appropriate frying
fat for different species. The frying with rapeseed
oil did not increase oxidation compared to frying
with sunflower oil, which confirms the suitability
of rapeseed oil for pan frying of fish.
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Summary

Our previous study showed that a diet enriched with 400 g of
carp per week improved plasma lipids in subjects after
aortocoronary bypass (CABG). The aim of the present study is to
determine whether the different carp farming systems have
animpact on the effects of carp meat in secondary
cardiovascular prevention. We examined 3 groups of patients
after CABG over a 4-week period of spa treatment (108 persons,
73 males, 35 females, age over 60 years). We found no
differences in baseline values of blood pressure or plasma lipids.
The patients were given a standard spa diet (controls; N=36) or
a diet enriched of 400g of carp meat per week, enriched
omega-3 (N=37) or cereal carp (N=35). Plasma lipid parameters
were examined at start and after 4 weeks in a routine laboratory
setting. Group consuming omega-3 carp showed the largest
decline in total cholesterol, LDL cholesterol, triglycerides and
an increase in HDL cholesterol (all p<0.01). We found that carp
meat from the two production systems showed significantly
different effects on plasma lipids. Further trials should be

performed to clarify the exact causes of the differences.
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Introduction

Fish intake has been associated with lower risk
of total and cardiovascular disease mortality in many, but
not all studies (Villegas et al. 2015). Most of the health
benefits of fish consumption are usually attributed to the
high content of omega-3 long-chain polyunsaturated fatty
acids (n-3 LC PUFA), especially eicosapentacnoic (EPA)
and docosahexaenoic acid (DHA), of which fish is the
major dietary source (Balk ef al 2006). Animal and
human studies have demonstrated that n-3 LC PUFAs
improve the function of the normal and damaged
endothelium, by an increasing nitric oxide availability

and the metabolic pathways of cytochrome P450
epoxygenases.  These  epoxides cause  potent
vasodilatation =~ and  blood  pressure  reduction.

Additionally, the antioxidant, anti-inflammatory, and
anti-thrombotic properties of omega-3 fatty acids
improve the stabilization of the -electrophysiological
properties of cardiomyocytes (Colussi ef al. 2017). Most
health authorities recommend two servings of fish per

week as part of a healthy balanced diet. The European
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Food Safety Authority (EFSA) Scientific Panel on
Contaminants in the Food Chain state: “There is evidence
that fish consumption, especially of fatty fish (one to two
servings a week) benefits the cardiovascular system and
is suitable for secondary prevention in manifested
coronary heart disease” (EFSA 2005). The EFSA Panel
on Dietetic Products, Nutrition and Allergies has set the
following Adequate Intake values: linoleic acid (LA)
4 E% (percentage of total dietary energy per day), alpha
linolenic acid (ALA) 0.5 E%; EPA+DHA, adults 250 mg;
DHA, children 6-24 months 100 mg; pregnancy and
lactation, an additional 100-200 mg of DHA (EFSA
2010).

Despite recommendations, fish consumption in
Central Europe remains very low, e.g. in the Czech
Republic it amounts to only 5.5 kg of fish and fish
products per capita per year (Zeniskova and Gall 2009,
UZEI 2016). Compared to marine fish, freshwater fish
which usually contain a lower content of n-3 LC PUFA,
are often overlooked as a source (Ackman 2002). Most
observation studies and clinical trials have been realized
using marine fish or fish oil, but not many articles related
to freshwater fish and cardiovascular health are available.
Fish also contains other potentially important nutrients
such as taurine, selenium and astaxanthin which are
understood to displace less healthy components in the
diet (Radcliffe et al. 2016). In the Lugalawa study,
Pauletto et al. (1996) compared a group of Tanzanian
villagers on a high fish consumption diet (300-600 g
daily) with a group on a vegetarian diet. The fish eaters
were found to have significantly lower blood pressure
and plasma lipid concentrations.

In our previous study (Adamkova et al. 2011)
we showed that a diet enriched with 2 meals of carp
(200 g each portion) per week significantly improved
plasma lipids and markers of inflammation
(high-sensitive CRP) in the blood of subjects after cardiac
revascularization surgery for ischemic heart disease over
a four-week period of follow-up spa treatment. The carp
meat used in the study had a relatively low amount of
n-3 LC PUFA in relation to the high effects observed on
plasma lipid parameters, which led us to the hypothesis
that it may not have been just lipid quality that was
responsible for the effects observed.

Moreover, carp meat fat content and fatty acid
composition are highly variable (Mraz and Pickova 2011)
and influenced by farming systems (Mraz et al. 2012a),
nutrition (Mraz et al. 2012b), purging (Zajic et al. 2013),
processing (Sampels et al. 2015), cooking (Sampels et al.

2014) and other factors. Recently, a patented system
(Mraz et al. 2011) for the aquaculture production of
“omega-3 carp” (carp with increased content of n-3 FA)
was developed and successfully tested. This type of
omega-3 carp is already available on the market in the
Czech Republic and sold under a specific trademark
(Fig. 1). However, so far no study has compared
the effects of carp meat from different production
systems (cereal supplementation x pelleted feed) on
cardiovascular prevention.

®

.

M

Fig. 1. Commercial trademark used in the Czech Republic for
omega-3 carp (carp with increased content of n-3 FA).

Therefore, the aim of the present study was to
confirm the results from our previous trial (Adamkova et
al. 2011) and to examine whether carp farming systems
would have an impact on carp meat health effects as
a means towards post-surgery secondary cardiovascular
prevention.

Methods

Carps production

The carps used for the intervention study were
raised under two different pond production systems by
the company Blatenska ryba, s.r.o. (i.e. Blatna Fish, Ltd.,
South Bohemian Region, Czech Republic). The first
group was cultured with a traditional pond culture using
supplemental cereal feeding (cereal carp). The other
group was produced using the company’s patented
technology (Mraz et al. 2011) of pond production of carp
with increased content of n-3 fatty acids (omega-3 carp).
Both groups were cultured in earthen dam fish ponds

(2-3 ha) during the period April-September, 2010,
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(stocked with 3-year-old carps with an average weight
of 1kg;
supplemented three times a week with either triticale

stocking density 670 individuals/ha) and

(Triticosecale) (cereal carp) or special feed KP Len
(Vyroba krmiv, s.r.o., Stfibrné hory, Czech Republic)
containing 12 % rapeseed cake and 20 % extruded linseed
(omega-3 carp). Fish were harvested in September (with
an average weight of 2.3 kg), purged in small purging
ponds for 14 days, filleted, vacuum packed, frozen and
delivered to Spa Podébrady (Czech Republic) for the
intervention study.

Ten fillets per group were randomly selected for
chemical analysis of carp meat quality. Lipid content and
fatty acid composition of carp fillets were analyzed as
described in Mraz and Pickova (2009). Briefly, carp
fillets were homogenized and 1 g of the aliquot sample
used for lipid extraction using the hexane/isopropanol
method (Hara and Radin 1978). Fatty acids were
methylated (Appelqvist 1968) and analyzed by gas
chromatography (Fredriksson Eriksson and Pickova
2007). Fatty acids were identified by comparison using
the standard mixture GLC-68A (Nu-Check Prep, Elysian,
MN) and retention times. For calculating the absolute
amount of individual fatty acids, an internal standard of
15-methylheptadecanoate (Larodan Fine Chemicals AB,
Malmd, Sweden) was used.

Intervention study
One hundred and
aortocoronary bypass in secondary prevention were

eight patients after
included. None of these patients smoked during treatment
(spa treatment after aortocoronary bypass) and none of
the patients enrolled into this study had prescribed
a special diet. The patients with verified diabetes mellitus
type 2 were excluded. All were medicated with statins,
beta-blockers and acetylsalicylic acid by their ambulatory
cardiologists. The post-surgery patients underwent
recovery for four weeks in the Spa Podébrady (Czech
Republic). During spa treatment, the patients consumed
astandard spa diet for patients after cardiac surgery
(controls) or a standard diet enriched with meals prepared
from 2x200g of carp meat per week using either
“omega-3 carp” or “cereal carp”. There were no
differences in baseline values among the three groups
(sex, age, blood pressure, lipid parameters, heart rate and
body mass index) (Table 2). Laboratory tests for lipid
parameters were performed at the start and at the end of
the period. Total cholesterol and triglycerides were

determined in fasting blood samples using an enzymatic

method (Hoffmann-La Roche, Switzerland). High-density
lipoprotein cholesterol concentrations were analyzed
(Cobas Mira Plus, Roche, Switzerland) after precipitation
of apolipoprotein B-containing particles using the
phosphotungstate method. Low density lipoprotein
cholesterol (LDL-C) was measured by a direct method
using a commercially available kit (Roche Diagnostics,
Basel, Switzerland). Blood pressure measurements were
taken on the right forearm in the sitting position after at
least ten minutes of rest. Three blood pressure readings
were obtained, and the mean value of the final last two

measurements was used for further analysis.

Statistical analysis

Data were analyzed using the paired t-test, the
two-sample t-test, ANOVA and multivariate linear
regression analysis. All data are expressed as means =+
standard deviations. A p-level <0.05 was considered
Statistical
performed without regard to gender, because of our

statistically  significant. analyses  were
previous studies we know that gender played no role in

influencing these monitored parameters.
Results

Carp meat analyses

The carp used in the intervention study had a very
distinct meat quality (Table1). Analysis revealed
significantly higher amounts of PUFA and n-3 LC PUFA
in omega-3 carp meat, while the cereal carp meat contained
a higher proportion of MUFA (mostly oleic acid; 18:1n-9).
Moreover, omega-3 carp had a content of beneficial
EPA+DHA five times higher than that of cereal carp (53
vs. 262 mg of EPA+DHA per 100 g fillet).

Intervention study

The basic parameters of the study probands at
the start of this trial are shown in Table 2.

Changes in the plasma lipid profiles of subjects
after 4 weeks of intervention are shown in Table 3. The
best results were found in group consuming omega-3 carp,
which recorded the highest HDL cholesterol values and the
total LDL-C and
triglycerides. We found no differences in fasting glucose,

largest decline in cholesterol,
systolic/diastolic blood pressure or body mass index after
spa treatment among the three groups. The lipid parameters
after 4 weeks spa-treatment are shown in Table 4.

Five years after the surgery events, all subjects

were reassessed using questionnaire survey. Thirty-one
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persons responded from group consuming omega-3 carp,
29 from group consuming cereal carp and only 2 from
control group. There were no cases of myocardial
infarction. In the intervening 5 years, 4 people from

groups consuming carps were hospitalized for
deteriorated blood pressure. All patients attended regular
check-ups. Twenty eight individuals continued to
consume 200 g of freshwater fish twice a week.

Table 1. Fillet lipid content and fatty acid composition (% and mg/100 g) of cereal supplemented and omega-3 carp used for the

intervention (mean + SD; n=6).

Cereal carp

Omega-3 carp

Cereal carp Omega-3 carp

% % mg/100 g mg/100 g
Lipids 6.8+2.1 62+2.0 6788 + 2057 6197 + 1974
14:0 1.1£0.1 1.4+£0.3%* 63+17 73 +23
15:0 0.1+0.1 0.3 £ 0.2%%* 4+£3 15+ 6**
16:0 19.4+1.1 18.5+1.1 1128 + 326 975+ 300
18:0 6.5+0.6 4.8 +£0.8** 373+105 254 + 83
16:1n-7 95+1.8 93+1.1 569 +£210 496 + 172
18:1n-9 48.5+2.8 32.3 4 8** 2805 + 819 1757 + 650%*
18:1n-7 34+0.2 3.7+£0.3 197 + 56 195 + 60
20:1n-9 1.6+£0.3 1.7+£0.3 91+17 92 +33
18:2n-6 57+0.6 11.8+ 1.1%** 317+ 63 622 + 189%*
20:2n-6 0.2+0.1 03+£0.1 9+4 15+5
20:3n-6 0.2+0.1 0.3 +£0.0** 11+£1 16 = 4*
20:4n-6 0.7+0.3 1.3+0.5% 38+ 10 66 + 17%*
18:3n-3 09+0.2 5.2+ 1.7%** 50+ 18 262 £ 92%**
18:4n-3 0.6+0.1 1.3+£0.5% 3611 66 =32
20:5n-3 0.4+0.2 3.2+ 1.7%* 20+ 11 152 + 58%**
22:5n-3 0.3+0.1 1.0+ 0.5%* 14+4 48 + 16%**
22:6n-3 0.6+0.2 2.4+ 1.5% 34+4 110 £ 35%**
SFA 27.1£0.8 254+ 1.0* 1568 + 439 1338 + 401
MUFA 633+1.7 47.3 £ 7. 1%** 3667 + 1074 2554 + 860
PUFA 9.6+1.4 27.3 £ 6.4%** 534+99 1375 £ 389%**
n-6 69+1.0 139 £ [.2%** 381+ 66 726 +£210%*
n-3 2.7+0.5 13.4 + 5.8%* 153 +£40 649 £ 23 *#**
n-3 LC PUFA 1.3+£04 6.9 +3.8%* 67+17 322 & 11 5%**
EPA+DHA 1.0+0.3 5.6 +£3.1%* 53+£13 262 + 9 ***

SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; LC PUFA, long chain
polyunsaturated fatty acids (20 and more carbons); EPA, eicosapentaenoic acid (20:5n-3); DHA, docosahexaenoic acid (22:6n-3);
*, Rk kkk — otatistically significant difference between the two groups at p<0.05; p<0.01; p<0.001, respectively, independent

two-sample Student’s t-test.

Discussion

To our best knowledge, our study is the first work
aimed at investigating the impact of common carp farming
systems on secondary cardiovascular prevention effects.

The results show that consumption of common
carp meat with increased content of n-3 LC PUFA has
positive effects on plasma lipids in subjects recovering

from heart surgery. Therefore, it indicates that carp
consumption would be beneficial in general. Fish
consumption is generally very low in the Czech Republic
(Zeniskova and Gall 2009, UZEI 2016) and far below
current recommendations. This suggests that it would be
beneficial to boost fish consumption in general as well as
to increase the content of beneficial fatty acids in locally
produced fish and associated products.



2017

Omega-3 Carp and Cardiovascular Health S133

Table 2. Basic proband parameters at beginning of the study.

Omega-3 carp group Cereal carp group Controls p

N 37 35 36

Males/females 26/11 25/10 22/14

TC (mmol/l) 52+043 5.0£0.69 52+0.61 n.s.
LDL-C (mmol/l) 2.7+0.46 2.6 +0.88 2.5+0.53 n.s.
HDL-C (mmol/l) 0.9+0.21 0.8 +0.20 0.9+0.22 n.s.
TG (mmol/l) 2.0+0.57 2.0 +0.65 1.7+0.51 n.s.
Glucose (mmol/l) 6.1 +£0.95 6.1 +0.78 6.1 +£0.97 n.s
SBP (mm Hg) 129.1 £10.36 130.2 +£9.84 130.8 £ 7.65 n.s.
DBP (mm Hg) 80.3 £4.26 81.1+£4.98 83.2+£6.49 n.s.
HR (min) 70.3 £4.67 69.9 £4.92 70.4+£5.02 n.s.
BMI (kg/m?) 27.5+6.38 27.6+7.01 28.0+7.92 n.s.

Controls — standard spa diet for patients after cardiac surgery; cereal carp group — standard diet enriched by cereal carp; omega-3 carp
group — standard diet enriched by omega-3 carp. TC, total cholesterol; LDL-C, low density cholesterol; HDL-C, high density cholesterol;
TG, triglycerides; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; BMI, body mass index.

Table 3. Plasma lipid changes in three studied groups of patients after 4 weeks of dietary intervention.

Omega-3 carp group Cereal carp group Controls
N 37 35 36
Total C (mmol/l) -1.3 £ 0.75%** -0.2+0.97 0.1+0.49
LDL-C (mmol/l) -0.6 + 0.37*** -0.1+0.86 0.1+0.22
HDL-C (mmol/l) 0.3 +0.16%* 0.1+0.24 -0.1+0.18
TG (mmol/l) -0.5 £ 0.51** -0.1+0.80 0.4+0.52

Controls — standard spa diet for patients after cardiac surgery; cereal carp group — standard diet enriched by cereal carp; omega-3 carp
group — standard diet enriched by omega-3 carp. TC, total cholesterol; LDL-C, low density cholesterol; HDL-C, high density cholesterol;
TG, triglycerides. Significantly different from both cereal carp group and controls: ** p<0.01, *** p<0.001.

Table 4. Plasma lipids of three studied groups of patients after 4 weeks of dietary intervention.

Omega-3 carp group Cereal carp group Controls
N 37 35 36
TC (mmol/l) 3.9+£0.63%* 48+1.0 5.4+0.61
HDL-C (mmol/l) 1.2 £0.19%* 1.0 £0.23 0.9+0.16
LDL-C (mmol/l) 2.0 +0.49%* 25+1.0 2.6 +0.60
TG (mmol/l) 1.5+£0.41%* 2.0+0.81 2.1+ 0.60

Controls — standard spa diet for patients after cardiac surgery; cereal carp group — standard diet enriched by cereal carp; omega-3 carp
group — standard diet enriched by omega-3 carp. TC, total cholesterol; LDL-C, low density cholesterol; HDL-C, high density cholesterol;
TG, triglycerides. Significantly different from both cereal carp group and controls: * p<0.05, ** p<0.01.

The improvement of plasma lipid parameters
(a decrease in total cholesterol, LDL cholesterol and
in HDL cholesterol)
resulting from the consumption of carp meat, observed by

triglycerols, and an increase

Adamkova et al. (2011) and in the current study is in
agreement with published studies on sea fish (Balk ef al.
2006). Fish proteins have been shown to have several
positive effects on the different disorders and parameters
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of metabolic syndrome. Among the most important
findings observed are anti-inflammatory effects (Calder
2015), increased insulin sensitivity and prevention of
type 2 diabetes mellitus (T2DM) and obesity (Lavigne et
al. 2001). Cod protein has been shown to inhibit the
development of obesity-linked insulin resistance and
glucose intolerance in mice (Lavigne ef al. 2000, Lavigne
et al. 2001). Similar effects have been observed in human
trials (von Post-Skagegédrd et al. 2006, Ouellet et al.
2007, Ouellet et al. 2008).

However, the mechanisms underlying these
effects are to be investigated yet. One of the possible
explanations may be high levels of specific amino acids,
which contain low levels of branched amino acids, such
as taurine and arginine. Calcitonin salmon, the bioactive
inhibit
osteoporosis (Chesnut et al. 2008) and is a homologue of

part of fish protein, has been shown to
amylin, a hormone involved in the regulation of satiation
and energy expenditure (Osaka et al. 2008).

Pilon et al. (2011) compared the effects of
protein in different fish species (bonito, herring, mackerel
and salmon) when included in a high-fat, high-sucrose
diet fed to rats. They found that, compared with a casein
diet, from all fish exhibited
anti-inflammatory action through tumor necrosis factor-a

protein species
and interleukin-6. In addition, the group fed salmon
protein had lower weight gain and reduced fat in
epididymal white adipose tissue. This suggests that there
might be specific effects linked to protein from different
fish species. The bioavailability of fatty acids might also
differ depending on lipid structure and food matrix
(Mu 2008, Schram et al. 2007). The final effect may also
symbiotically contribute to other substances in fish.
Recently, there have been many controversies
concerning the effects of fatty acids (including omega-3),
because inversely risk-related, yet randomized large
multicentre trials have not supported this direct
relationship (Harris ef al. 2016). In one large prospective
cohort study of healthy women, intake of tuna, dark fish
and marine omega-3 fatty acids was not associated with
the risk of major CVD (Rhee ef al. 2017). The National
Heart Foundation of Australia recommended that
Australian adults should consume 500 mg of omega-3
fatty acids per day for the primary prevention of
cardiovascular diseases and 1000 mg of omega-3 fatty
acids for the secondary prevention of CVD (Nestel et al.
2015).
The median fish intake at 27 g/day in all

probands showed an inverse association between total

fish intake and total mortality among all probands while
the association between intake of fish and total mortality
was not significant among participants with chronic
disease (Villegas et al. 2015). Our probands were given
a daily median intake of about 57 g of fish (400 g per
week), but only freshwater carp. We have not found any
valid trial or study that has focused on carp.

Some recent trials show neutral findings as
concerns the effect of long chain fatty acids on the
cardiovascular disease event risk. These results may be
possibly attributable to e.g. aggressive cardiovascular
drug treatment or overshadowing the benefits of
these fatty acids (Rice et al. 2016). The -current
recommendation of American Heart Association for CVD
secondary prevention (2011) state that “it may be
reasonable to recommend omega-3 fatty acids from fish
or fish oil (1 g/day)” (Kleber et al. 2016), but no trials
have confirm any significant benefit from intake of these
products for reduction of clinical endpoints, while low
plasma concentrations of omega-3 fatty acids precede the
development of congestive heart failure (Kleber et al.
2016). As of yet, we have been unable to compare these
data with data from our groups. For CVD risk,
meta-analyses of randomized controlled trials indicate
a significant triglyceride-lowering effect for fish and fish
oil. Indeed, recent studies of type 2 diabetics indicate that
fish and fish oil may improve endothelial function. Some
of the heterogeneity in the results pertaining to fish and
fish oil in diabetes may be explained by substantial
variation in the experimental designs used, including the
selection of study populations, the amount of fish, and
fish oil administered, as well as the continually
improving standards in healthcare (Ward and Hintze
2016). Compared to the Danish population living in
Denmark, diabetes mellitus was essentially unknown
among the Inuits (Radcliffe et al. 2016) inhabiting
Greenland which forms an autonomous part of the
Kingdom of Denmark.

Omega-3 PUFA can attenuate the immune
system response of T cells and macrophages through
hitherto unidentified cell surfaces receptors, perhaps by
changing the composition of membrane micro-domains,
since a recent cross-sectional study on Danish children
shows a positive association of mean arterial blood
pressure with whole blood DHA (only in boys) (Bonafini
et al. 2015). The beneficial effects of 1800 mg/day of
EPA on CVD risk reduction may relate in part to the
lowering of Lp-PLA, without adversely affecting LDL-C.
In contrast, DHA decreases postprandial TG, but raises
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LDL-C. Other observations indicate that these dietary
fatty acids have divergent effects on cardiovascular risk
markers (Asztalos et al. 2016). Data and analysis were
compiled for a prospective cohort study of U.S. women
participating in the Women’s Health Study (1993-2014).
As part of the analysis, the Cox proportional hazards
model was used to evaluate the association between fish
and energy-adjusted omega-3 polyunsaturated fatty acid
intake and the risk of major cardiovascular disease,
defined as the composite outcome of myocardial
infarction, stroke, and cardiovascular death, in 38.392
women in the final (i.e. 96 %) analytic sample. There was
no modification of effect in age, BMI or baseline history
of hypertension differences. In another study a group of
women without history of cardiovascular disease, intake
of tuna and dark fish, a-linolenic acid, and marine
omega-3 fatty acids were not associated with the risk of
major cardiovascular disease (Rhee ef al. 2017).

Another study on normotensive subjects with
highest dietary consumption of omega-3 fatty acids had
arisk of hypertension development lower by 27 % as
compared with subjects with the lowest intake (Colussi et
al. 2017).

Patients after myocardial infarction that
consumed 1 g/day of omega-3 PUFA for 3.5 years
reduced their mortality rate by 20 % and sudden death
rate by 45% as compared to placebo-administered
patients (Harris et al. 2016). Our follow up study is rather
short to confirm these results.

Over recent years, a number of observational
and intervention studies that have tried to determine the
possible cardiovascular protective effects of omega-3
fatty acids have reported negative findings. However,
despite these reports the use of fish oil is beneficial for
the prevention of sudden death after myocardial
infarction, the publication reports an association between
supplementation with omega-3 polyunsaturated acids and
higher mortality. But while significant results have been
obtained regarding the cardioprotective effect of omega-3
PUFA in native Japanese and Alaskan populations, in
other population (Americans) the same effect has not
been demonstrated (Colussi et al. 2017). A recent report
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Abstract OBJECTIVES: Omega-3 fatty acids (FA) have been shown to be protective against

Abbreviations:

cardiovascular diseases (CVD). The effect of the consumption of carp meat on
CVD risk factors has not yet been examined in detail. We ascertained the influ-
ence of a diet enriched with carp meat with an elevated content of omega-3FA
(200 g twice weekly for 4 weeks) in a group of subjects after cardiac revasculariza-
tion surgery for ischemic heart disease with a follow-up spa treatment.

DESIGN: After cardiac revascularization surgery, the probands consumed either a
standard spa diet (56 individuals, 41 males, 15 females, age 41-80 years) or a diet
enriched with two portions of carp meat (87 individuals, 64 males, 23 females, age
50-82 years). The differences in body mass index (kg/m?), blood pressure, plasma
lipids and C-reactive protein (CRP) of the groups were analyzed.

RESULTS: In the group with a higher consumption of carp meat, significantly
greater improvements in lipid parameters in comparison to the standard spa diet
were detected (total cholesterol p<0.001, triglycerides p<0.001, LDL-C p<0.001,
CRP p<0.001, HDL-C p<0.001). No differences between these groups in blood
pressure and body mass index were found.

CONCLUSION: We conclude that the diet enriched with carp meat significantly
improved plasma lipid parameters in patients after major cardiac revasculariza-
tion surgery.

HDL-C - high density lipoprotein cholesterol
LCPUFA  -long chain polyunsaturated fatty acids

BMI - body mass index LDL-C - low density lipoprotein cholesterol
CRP - Creactive protein SBP - systolic blood pressure

CcvD - cardiovascular disease SFA - saturated fatty acids

DBP - diastolic blood pressure TC - total cholesterol

DHA - docosahexaenoic acid TG - triglycerides

DPA - docosapentaenoic acid
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INTRODUCTION

Cardiovascular diseases (CVD) cause the majority of
the deaths of the adult inhabitants of the Czech Repub-
lic. Since Danish researchers discovered the low inci-
dence of CVD in Greenland Eskimos (despite the fact
that they consume most of their calories in fat) in 1980
(Cole et al. 2009), the intake of fish has been consid-
ered to be healthy. The relationship between fish con-
sumption and the risk of CVD was confirmed in a large
meta-analysis (Whelton et al. 2004), which found that
each 20 g/day increase in fish intake was related to a 7%
lower risk of CVD mortality.

Fish have been considered to be a healthy dietary
product because they are high in protein and have a
positive lipid composition (a low percentage of satu-
rated fats) (Smith & Guentzel 2010). Fish fat contains
essential omega-3 polyunsaturated fatty acids (PUFA),
such as eicosapentaenoic and docosahexaenoic acids,
which are not synthesized in the human body. Never-
theless, their inclusion in the human diet is essential.
Omega-3 long chain polyunsaturated fatty acids are
important for maintaining the integrity of cell mem-
branes, for promoting prostaglandin synthesis (which
is essential for inflammation and blood clotting) and
for regulating body cholesterol metabolism (Jabeen et
al. 2010).

Fish and shellfish farming worldwide is currently
the most rapidly growing type of food production. It
is important that fish farming develop in a sustainable
manner; the replacement of fish meals and fish oils in
the aqua feeds used needs to be implemented on a large
scale. There is a large potential for carp in the devel-
opment of Central Europe as an aquacultural region
(Kobler 2010). Carp is classified as an intermediate
fish because its lipid content is 5-10% of its wet weight
(Fontagné et al. 2001). However, carp has been interest-
ing to nutritional specialists for a long time due to its
relatively lower content of PUFA compared to sea fish.
Carp has a beneficial fatty acid composition with regard
to human health, and an increase in the consumption of
this locally available freshwater fish is very important. In
this study, we analyze the effect of regular consumption
of carp meat enriched in PUFA on plasma lipids known
to be CVD risk parameters. The carp was enriched in
PUFA by a special feeding formula containing rapeseed
oil (the source of the PUFA) (Mraz & Pickova 2009).

MATERIAL AND METHODS

High-risk adult (age >18 years) CVD patients were
enrolled in this study after major cardiac revasculariza-
tion surgery performed between 12/2009 and 10/2010
at the Institute for Clinical and Experimental Medicine
in Prague. The patients were randomized into two
groups and underwent a four-week follow-up spa treat-
ment at Spa Podébrady. All procedures were prescribed
by physicians according to the individual requirements

of the patients with the exception of the diet interven-
tions; the other treatments within the spa protocol were
not different between these two groups.

Dietary intervention was based on a substantial
increase of carp meat in the intervention group (87 pro-
bands, 64 males), which was compared with the control
group (56 probands, 41 males). The detailed character-
istics of the individuals are included in the Table 1.

All participants were Caucasians from the Central
European Czech population. Written informed con-
sent was obtained from all study participants, and the
local ethics committee approved the design of the study
according to the Helsinki Declaration (1975).

The 200g carp filets consumed twice weekly in the
intervention group were prepared in vegetable oil from
carp fed a special formula with a higher volume of poly-
unsaturated fatty acids (Mraz et al. 2010a) (n-3 PUFA
content of 439+146 mg per 100 g of filet), under special
supervision by nutrition specialists. This preparation
method adhered to the recommendations for the sec-
ondary prevention of CVD. The total energy intake was
equal in both groups.

Body mass index (kg/m?) was calculated, and the
changes in total cholesterol, low density cholesterol
(LDL), high density cholesterol (HDL), triglycerides
and C-reactive protein (CRP) were analyzed with
routine laboratory tests. The laboratory tests were
performed at the start of the diet and after 4 weeks of
dietary treatment.

The data were analyzed using the paired t-test, the
two-sample t-test, ANOVA and multivariate linear
regression analysis. All data are expressed as means *
standard deviations. A p-level <0.05 was considered sta-
tistically significant.”

RESULTS

The basal characteristics of the probands are summa-
rized in Table 1. In general, plasma lipids improved
significantly in the group of patients consuming higher
amounts of carp compared to the control group. Briefly,
total cholesterol decreased by 27% in the experimen-
tal group compared to a 2% decrease in the control
group (p<0.001), LDL - cholesterol decreased by 26%
in comparison to 4% (p<0.001), plasma TG decreased
by 26% in comparison to 3% (p<0.001) and plasma
HDL cholesterol increased by 30% in comparison to
10% (p<0.001). Detailed changes are summarized in
Table 2. Importantly, no differences were found in the
body mass indices between the analyzed groups.

DISCUSSION

We provide evidence that the consumption of carp meat
containing an elevated content of long chain FAs (LC-
PUFA) can be highly beneficial for the improvement
of plasma lipids in a Central European population.
According to our knowledge, this is the first report of
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the effect of carp meat on improved health parameters
and how it can substantially influence the recommen-
dations of nutrition specialists. It is well known that
herbivorous or omnivorous fish (for example, carp)
have lower n-3 PUFAs than sea fish. The standard pro-
file of carp meat in the Czech Republic is not known,
but the fatty acid profile in freshwater fishes can be
changed by diet (Guillon et al. 1995, Mraz et al. 2010b).

Traditionally, common carp is cultured by semi-
intensive farming in ponds and is based on natural
food supplemented with cereals. The lipid composi-
tion of filets from these carp is highly variable. There
are no standard values for such fish because the lipid
composition varies depending on many factors, e.g.,
tish size, breed, the amount of natural food available in
the pond and farming intensity. However, in general,
carp fed diets supplemented with cereals have higher
lipid contents, high levels of monounsaturated fatty
acids, lower levels of polyunsaturated fatty acids and
EPA+DHA and a higher n-6/n-3 ratio compared with
tish fed natural food only (Csengeri 1996) or with the
carp used in our trial. In a previous trial, we found that
filets from carp supplemented with cereals contained
around 130mg of n-3 PUFA and 45mg of EPA+DHA
per 100g of filet, with an n-6/n-3 ratio of 2.6 (unpub-
lished results).

The improvement in the plasma lipid parameters
(i.e., decreases in serum total cholesterol, low density
cholesterol and triglycerides and an increase in high
density cholesterol) after the consumption of carp meat
in our study is in compliance with published studies on
sea fish (Balk et al. 2006). The fasting plasma glucose
concentrations did not differ significantly between
the beginning and the end of the study period; similar
results were described previously (Schwab et al. 2006).
In addition, we have shown highly significant decreases
in CRP as a result of the higher consumption of carp
meat, probably due to the anti-inflammatory effect of
omega 3 FA (Al-Khalifa et al. 2007). Importantly, BMI
values were stable during the study, which indicates
that both diets were isocaloric. These positive effects of
omega 3 fatty acids from fish meat are well known, but
the positive effect associated with the diet of freshwater
fish has not previously been shown.

Because classically farmed carp has a relatively low
content of omega3-PUFA compared to sea fish, it is
advisable to farm the carp using a new feed blend with
a high content of omega-3 FA in order to achieve the
recommended values. These feed blends are based on
replacing the traditional wheat supplementation (rich
in n-6 PUFA) with substances rich in omega 3 PUFA.
Previous studies reveal that carp fed with the new for-
mula have an approximately seven times higher con-
tent of the protective DHA and DPA compounds (Mraz
et al. 2010a) than classically farmed fish. In addition,
the total levels of omega 6/omega 3 of the commonly
farmed carp are about 2, compared to wild fish, which
have a ratio less than 1. It was shown that a combination

Carp meat and atherosclerosis prevention

of linseed cake and rapeseed cake in the feed improves
the n-3 levels in the cultured carp to levels similar to
those in fish fed only plankton (Fontagné et al. 2001).

It is well known that carp originated in Asia and
that carp account for the majority of all farmed fresh-
water fish worldwide (Kobler 2010). The importance
of locally available freshwater fish in the Central Euro-
pean diet is based not only on the positive effects on
plasma lipids but also on the possible positive effects
of omega 3 FA on inflammation, psoriasis, aggression,
and depression (De Lorgeril & Salen 2002).

We believe that the farmed carp fed the special diet
could improve human health conditions because it
is known that the lipid composition of farmed fish is
more constant and has a beneficial lipid composition
compared to wild fish (Cahen et al. 2004).

We conclude that the consumption of freshwater
fish (carp meat enriched in omega 3 FA) improves lipid
parameters and markers of the inflammatory process in
patients after major cardiac revascularization surgery
and has the potential to improve CVD morbidity.

Tab. 1. Basal characteristic of the groups (baseline data).

Treated group Control group p-value

N 87 56

Age 57.9+10.3 57.3+95 n.s.
Males/females 64/23 41/15

Total C (mmol/l) 56+0.6 54+0.9 n.s.
LDL-C (mmol/1) 3.0£0.8 29+09 n.s.
HDL-C (mmol/Il) 0.9+0.2 0.9+0.2 n.s.
TG (mmol/l) 22+0.7 21+£0.7 n.s.
CRP (g/1) 335154 32.8+ 149 n.s.
BMI (kg/m?) 293 +46 29.1+45 n.s.
Glycaemia ( mmol/l) 6.7+19 6.6+ 19 n.s.
height (cm) 169.3+9.1 169.2 + 8.9 n.s.
weight (kg) 84.2+14.2 843+ 14.0 n.s.
SBP (mmHg) 136.5+10.1 1358+ 11.3 n.s.
DBP (mm Hg) 872194 87.1+£109 n.s.
apo Al 09+03 08+0.3 n.s.

Tab. 2. Changes of the plasma lipids after intervention (difference
final - baseline values).

Treated Controls p-value
TC (mmol/l) -1.50£0.89 -0.21£0.79 0.001
TG (mmol/l) -0.6+0.53 -0.07+£0.38 0.001
HDL C (mmol/I) +0.25+0.16 +0.07£0.06 0.001
LDL C (mmol/l) -0.82 £0.56 +0.03+£0.04 0.001
Glucose (mmol/l) -23+18 -1.9+£08  0.05
CRP (g/1) -26.3+£13.0 -21.£116  0.01

Neuroendocrinology Letters Vol.32 Suppl.2 2011 « Article available online: http://node.nel.edu



104

Vera Addmkovd, Petr Kacer, Jan Mraz, Pavel Suchanek, Jana Pickova, Ivana Krdlova Lesnd, Jelena Skibova, Pavel Kozak, Vit Maratka

ACKNOWLEDGEMENTS

This project was supported by grant of Ministry of
Agriculture, Czech Republic No. QH 92307. There is
no conflict of interest.

REFFERENCES

1 Al-Khalifa A, Maddaford TG, Chahine MN, Austria JA, Edel AL,
Richard MN, et al (2007). Effect of dietary hempseed intake on
cardiac ischemia-reperfusion injury. Am J Phys Regul Integr
Comp Physiol. 292: 1198-1203.

2 Balk EM, Lichtenstein AH, Chung M, Kupelnick B, Chew P, Lau J
(2006). Effects of omega 3 fatty acids on serum markers of car-
diovascular disease riks: A systematic review. Atherosclerosis. 18:
19-30.

3 CahuC, Salen P, de Lorgeril M (2004). Farmed and wild fish in the
prevention of ardiovascular diseases: Assessing possible differ-
ences in lipid nutritional values. Nutr Metab Cardiovasc Dis. 14:
34-41.

4 Cole GM, Ma Q-L, Frautschy SA (2009). Omega 3 fatty acids
and dementia. Prostaglandins, Leukot Essent Fatty Acids. 81:
213-221.

5 Csengeri I. (1996). Dietary effects on fatty acid metabolism of
common carp. Arch Anim Nutr. 49: 73-92.

6 De Lorgeril M, Salen P. (2002) Fish and n-3 fatty acids for the pre-
vention and treatment of coronary heart disease. Nutrition is not
pharmacology. Am J Med. 112:316-319.

7 Fontagne S, Corraze G, Bergot P (2001). Response of common
carp (Cyprinus carpio) larvae to different dietary levels and
forms of supply of medium-chain fatty acids. Aquat Liv Res. 13:
429-437.

8 Guillou A, Soucy P, Khalil M, Adambounou L (1995). Efects of
dietary vegetable and marine lipids on growth, muscle fatty acid
composition and organoleptic quality of flesh of brook charr
(Salvelinus fontalis). Aquaculture. 136: 351-362.

9 Jabeen F, Chaudhry AS (2010). Chemical compositions and fatty
acid profiles of three freshwater fish species. Food Chem. 125:
991-996.

10 Kobler C (2010). From fish farms to the refrigerator cabinet. Age
Agricult. 2: 39-41.

11 Mraz J, Pickova J (2009). Differences between lipid content and
composition of different parts of fillets from crossbred farmed
carp (Cyprinus carpio). Fish Physiol Biochem. 35: 615-623.

12 Mraz J, Kozak P, Pickova J. (2010a) The quality of the meat of the
carp according to the feeding. Abstract Book of the Congress
on Nutrition, 18.-19.11.2010, Podebrady, p. 37-38, ISBN 978-80-
7394-238-0

13 Mraz J, Schlechtriem C, Olohan LA, Fang Y, Cossins AR, Zlabek V,
etal. (2010b). Sesamin as a potential modulator of fatty acid com-
position in common carp (Cyprinus carpio). Aquac Res. 4:1-11.

14 Schwab US, Callaway JC, Erkkild AT, Gynther J, Uusitupa MlJ,
Jarvinen T (2006). Effects of hempseed and flaxseed oils on the
profile of serum lipids, serum total and lipoprotein lipid concen-
trations nad haemostatic factors. Eur J Nutr. 45: 470-477.

15 Smith KL, Guentzel JL (2010). Mercury concentrations and
omega 3 fatty acids in fish and shrimp. Preferential consumption
for maximum health benefits. Mar Poll Bull. 60: 1615-1618.

16 Whelton SP, He J, Whiton PK, Munter P (2004). Meta-analysis of
observational studies on fish intake and coronary heart disease.
Am J Cardiol. 93: 1119-1123.

Copyright © 2011 Neuroendocrinology Letters ISSN0172-780X - www.nel.edu



	
	Fillet quality changes as a result of purging of common carp (Cyprinus
carpio L.) with special regard to weight loss and lipid profile

	1. Introduction
	2. Materials and methods
	2.1. Experimental design
	2.2. Lipid analysis
	2.3. Lipid class composition and separation
	2.4. Fatty acid analysis
	2.5. Statistical analysis

	3. Results
	3.1. Water temperature, weight, fillet yield and condition factor
	3.2. Fat content, fatty acid composition and lipid classes

	4. Discussion
	4.1. Changes in weight, fillet yield and condition factor
	4.2. Fat content and fatty acid composition

	5. Conclusions
	Acknowledgements
	References


	
	Rapid measurements of fat content in live and slaughtered common carp (Cyprinus carpio L.)
	Abstract
	Introduction
	Materials and methods
	Fish sample
	Fat content
	Laboratory analyses
	Fish Fatmeter (FFM)
	Calliper measurements

	Statistical analysis

	Results and discussion
	Correlation coefficient
	Regression model for fat prediction
	Practical application

	Conclusion
	Acknowledgments
	References





