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AbVWUacW
IW haV been Uecommended WhaW people eaW fiVh Uich in XnVaWXUaWed faWV aW leaVW

WZice a Zeek Wo UedXce Whe UiVk of heaUW diVeaVe. FiVh conVXmpWion iV VignificanW, ma-
inl\ fUom fiVh liYing in ocean ValWZaWeU. HoZeYeU, in coXnWUieV ZiWhoXW Vea like HXngaU\,
Whe UichneVV of fUeVhZaWeU fiVh haV deYeloped a Zide Uange of cooking WechniqXeV foU
fiVh ZiWh diffeUenW nXWUiWion. We VXVpecW WhaW mXVcle VWUXcWXUe diffeUenceV haYe noW \eW
been inYeVWigaWed. The diffeUence in faWW\ acid compoViWion of AfUican caWfiVh and Si-
beUian VWXUgeon iV knoZn, bXW no moUphological VWXdieV haYe been peUfoUmed on WheiU
mXVcle VWUXcWXUe. The aim of WhiV VWXd\ ZaV Wo compaUe Whe VWUXcWXUe diffeUenceV beW-
Zeen fUeVhZaWeU fiVh ZiWh diffeUenW lifeVW\leV. The oUgani]aWion of mXVcle VWUXcWXUe ZaV
moniWoUed in meaW b\ meanV of c\WochemiVWU\ combined ZiWh Vcanning elecWUon mic-
UoVcopic VWXdieV on WiVVXeV of WZo diffeUenW VpecieV, and Whe Wechno-fXncWional paUa-
meWeUV meaVXUed. The filleWed mXVcleV of AfUican caWfiVh (ClaUiaV gaUiepinXV) and
SibeUian VWXUgeon (AcipenVeU baeUii) ZeUe compaUed afWeU fUeVh and faVW fUee]e. The aV-
VociaWed comple[ VWUXcWXUe of mXVcle in boWh VpecieV appeaUed diffeUenW. One iV a
WighWl\ cloVed mXVcle maVV, Zhile Whe oWheU iV a VofW VWUXcWXUe, Zhich VhoZV a diffeUenW
degUee of VofWneVV of Whe meaW afWeU baking. In boWh VpecieV, Whe UighW mXVcle VWUXcWXUe
iV beneficial XndeU e[WUeme enYiUonmenWal condiWionV. The diffeUenW VkeleWal VWUXcWXUe
in fiVh needV alWeUed pUoceVVing, Zhich Ze ZiVh Wo conWinXe ZiWh fXUWheU WeVWing and Wo
pUepaUe WaVW\ food foU conVXmeUV and XVe in dieWeWicV. 
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Introductionȱ

Fishȱ consumptionȱ onȱ Earthȱ isȱ signifiȬ
cant,ȱmainlyȱ fromȱ saltwaterȱ fishȱ livingȱ in
oceanȱimportantȱsourceȱofȱnutrients.ȱInȱthe
EU,ȱtheȱfishȱconsumptionȱperȱcapitaȱisȱtheȱseȬ
condȱhighestȱinȱtheȱworldȱaroundȱ2ȱkg/caȬ
pita/yearȱ butȱ aboutȱ 6.7ȱ kg/capita/yearȱ in
Hungaryȱ[1],ȱandȱsomeȱindividualȱEUȱMemȬ
berȱStatesȱhaveȱamongȱtheȱhighestȱratesȱin
theȱworld.ȱHowever,ȱ inȱcountriesȱwithout
sea,ȱsuchȱasȱHungary,ȱtheȱrichnessȱofȱfreshȬ
waterȱfishȱhasȱdevelopedȱaȱwideȱ rangeȱof
cookingȱ techniquesȱ forȱfishȱwithȱdifferent
nutrition.ȱ

OneȱofȱtheȱpopularȱandȱwellȬbreeding
fishȱisȱtheȱSiberianȱsturgeonȱorȱLenaȱHunȬ
garyȱisȱaȱnativeȱfishȱasȱitȱmigratedȱfromȱthe
Blackȱseaȱafterȱtheȱiceȱageȱ(Figure1)ȱ[2].ȱItȱis
coldȬbloodedȱspecies.ȱToday,ȱitsȱmainȱstock
isȱfoundȱinȱtheȱriversȱofȱEasternȱEuropeȱand
westernȱSiberia.ȱTheȱmeatȱofȱtheȱsturgeonȱis
extremelyȱvaluableȱbecauseȱitsȱtasteȱisȱexcelȬ
lentȱ andȱ isȱ threadedȱwithȱ cartilage.ȱ They
movedȱtoȱHungaryȱinȱ1981ȱandȱtheyȱhave
beenȱseĴledȱinȱourȱfishingȱlakesȱtheseȱdays.
TheȱSiberianȱsturgeonȱweighsȱaboutȱ65ȱkg,
theyȱareȱlongȬlived,ȱupȱtoȱ60ȱyears,ȱandȱthey
reachȱsexualȱmaturityȱratherȱlateȱ[3].ȱ

AnotherȱfavoriteȱfishȱisȱtheȱAfricanȱcatȬ
fishȱ(ClariasȱgariepinusBurchell).ȱThisȱspecies
isȱnativeȱtoȱAfricaȱandȱAsiaȱMinor,ȱandȱitȱcan
beȱfarmedȱandȱfoundȱeverywhere.ȱItsȱadapȬ
tabilityȱisȱhigh,ȱnotȱpickyȱaboutȱfoodȱandȱcan
developȱproperlyȱinȱpollutedȱenvironments
[4].ȱItȱisȱnativeȱtoȱInlandȱwatersȱofȱAfrica,ȱbut
itȱisȱlivingȱinȱNetherlandȱandȱHungaryȱtoo.
TheȱcatfishȱisȱperfectlyȱadaptingȱtoȱhighȱstocȬ
kingȱdensities,ȱthanksȱtoȱitsȱauxiliaryȱrespiȬ
ratoryȱsystemȱitȱcanȱwithstandȱevenȱpersisȬ
tentlyȱlowȱoxygenȱlevels.ȱFurthermore,ȱitȱisȱa
heatȱtolerantȱfishȱbutȱitȱdiesȱatȱtemperatures
belowȱ15ȱoCȱorȱinȱaȱmicrobiologicallyȱinfecȬ
tedȱenvironmentȱ[2].ȱTheȱmeatȱofȱtheȱcatfish
isȱfiberȬfree,ȱlowȬfat,ȱitȱhasȱanȱexcellentȱtaste
andȱisȱwellȱtransportableȱdueȱtoȱitsȱelongaȬ
tedȱbody,ȱsimilarȱtoȱthatȱofȱeelȱorȱling.

AlthoughȱtheseȱareȱwellȬtransportableȱfish,
theirȱmeat,ȱandȱtheȱqualityȱofȱtheȱmeatȱproducts
madeȱfromȱthemȱhasȱseveralȱfactors.ȱTheȱage,
gender,ȱpostureȱandȱfeedȱofȱtheȱanimalȱprimaȬ
rilyȱdetermineȱtheȱqualityȱofȱtheȱmeat.ȱItȱplays
anȱoutstandingȱroleȱinȱtheȱchemicalȱcomposition
ofȱrawȱmeats,ȱphysicalȱpropertiesȱsuchȱasȱcolor,
texture,ȱandȱtechnoȬfunctionalȱproperties.ȱInȱadȬ
dition,ȱitȱisȱimportantȱhowȱweȱprepare,ȱhowȱwe
storeȱtoȱpreserveȱtheȱqualityȱforȱaȱlongȱtime.ȱ

Millionsȱofȱpeopleȱliveȱwithȱminorȱorȱmajor
disorders,ȱofȱwhichȱmetabolicȱdiseasesȱareȱthe
mostȱserious,ȱtheȱnumberȱofȱthoseȱisȱcurrently
onȱtheȱrise.ȱManyȱpeopleȱpreferȱwhiteȱandȱeaȬ
silyȱdigestibleȱmeat,ȱwhichȱisȱanȱinexpensiveȱsoȬ
urceȱ ofȱ proteinȱ fromȱ chickenȱ butȱ weȱ forget
aboutȱfish.ȱFreshwaterȱfishȱisȱbarelyȱavailableȱfor
purchaseȱhighȱandȱthereforeȱconsumptionȱisȱesȬ
peciallyȱlowȱinȱcountriesȱwhereȱseaȱfishingȱisȱnot
possible.

Theȱlivingȱsystems,ȱanimalȱandȱplantȱcells
areȱhighlyȱcomplexȱcolloidalȱsystems.ȱInȱtheȱcyȬ
tosolȱcontainingȱcarbohydratesȱandȱsaltsȱdueȱto
this,ȱtheȱcellȱsapȱbehavesȱlikeȱaȱcolloidalȱsolution
duringȱfreezing.ȱDuringȱslowȱfreezing,ȱextracelȬ
lularlyȱcrystalsȱformȱfromȱtheȱwaterȱandȱsome
ofȱtheȱcellularȱfluidȱdiffusesȱintoȱtheȱextracelluȬ
larȱspaceȱandȱfreezesȱintoȱtheȱcrystalȱnoduleȱforȬ
medȱ there.ȱ Inȱ mediumȬfastȱ freezingȱ speed
changesȱ theȱ sizeȱ ofȱ theȱwaterȱ crystalȱ during
quickȱfreezing,ȱheatȱremovalȱisȱfasterȱthanȱcell
liquidȱdiffusion,ȱresultingȱinȱintracellularȱfreeȬ
zingȱinsideȱtheȱcell.ȱDuringȱquickȱfreezing,ȱheat
removalȱisȱfasterȱthanȱcellȱsapȱdiffusion,ȱresulȬ
tingȱinȱintracellularȱfreezingȱofȱtheȱcellȱliquidȱ[5,
6].ȱTheȱiceȱcrystalsȱformȱatȱtemperaturesȱbetȬ
weenȱ Ȭ0.6ȱ Ȭ2.2ȱoC.ȱThisȱ rapidȱ crossingȱofȱ the
temperatureȱrangeȱeliminatesȱtheȱformationȱof
largeȱiceȱcrystals.ȱThisȱreducesȱtissueȱandȱcelluȬ
larȱdestruction.

Theȱbiologicalȱfatsȱareȱsolidȱinȱtextureȱdiffer
fromȱoilsȱwhichȱareȱliquidȱatȱambientȱtemperaȬ
tures.ȱButȱchemicallyȱthereȱisȱaȱliĴleȱdifference
sinceȱ theȱ substancesȱareȱ composedȱpredomiȬ
nantlyȱofȱestersȱofȱglycerolȱwithȱfaĴyȱacids,ȱso
calledȱtriacylglycerolȱ(TG).ȱBiologicallyȱinȱtheȱliȬ
vingȱweȱusedȱsynonymouslyȱtheȱlipidȱtermȱthat
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thoseȱareȱincludingȱsubstancesȱallȱimportant
fatȬsolubleȱ solubleȱ inȱ foodȱ andȱ nutrition.
Theirȱfunctionȱisȱdistinguishedȱasȱstructural
fats,ȱmetabolicȱ fats,ȱ storageȱ fatsȱ orȱ fatsȱ in
transitȱinȱtheȱbodyȱ[7,ȱ8ȱandȱ9].ȱTheȱfaĴyȱcomȬ
ponentsȱcanȱbeȱmadeȱwithinȱtheȱbodyȱfrom
carbohydratesȱconsumedȱinȱtheȱdiet.ȱExcepȬ
tionsȱareȱtheȱessentialȱfaĴyȱacidsȱ(EFAs)ȱthat
thoseȱfaĴyȱacidsȱtheȱhumanȱandȱotherȱaniȬ
malsȱmustȱingestȱbecauseȱtheȱbodyȱrequires
forȱgoodȱhealthȱbutȱcannotȱsynthetizeȱthem
[10]ȱwhichȱ twoȱofȱ theȱ faĴyȱacidsȱareȱonly
knownȱtoȱbeȱessentialȱforȱhumans,ȱtheȱalphaȬ
linolenicȱacidȱ(omegaȬ3ȱfaĴyȱacid)ȱandȱtheȱliȬ
nolenicȱacidȱ(anȱomegaȬ6ȱfaĴyȱacid)ȱ[11,ȱ12].

Theȱvalueȱofȱfishȱmeatȱwithȱlipidsȱisȱfor
preventing,ȱprotectingȱandȱimprovingȱmany
diseases,ȱitȱisȱalsoȱourȱnaturalȱsourceȱofȱproȬ
teins,ȱmineralsȱandȱions.ȱAtrialȱfibrillationȱis
aȱdangerousȱconditionȱthatȱtendsȱtoȱstrikeȱthe
elderlyȱandȱcanȱleadȱtoȱstrokeȱorȱheartȱfaiȬ
lure.ȱOmegaȬ3ȱ faĴyȱacidȱ intakeȱ relatedȱ to
otherȱdietaryȱfactorsȱknownȱtoȱreduceȱcoroȬ
naryȱheartȱdiseaseȱriskȱassumingȱmoderate
consumption.

WesternȱdietsȱareȱdeficientȱinȱomegaȬ3
faĴyȱacids,ȱandȱneedȱtoȱaddȱexcessiveȱamoȬ
untsȱofȱomegaȬ6ȱfaĴyȱacidsȱcomparedȱwith
theȱdietȱonȱwhichȱhumanȱbeingsȱevolvedȱand
theirȱgeneticȱpaĴernsȱwereȱestablishedȱ[13,
14,ȱ15].ȱTheȱomegaȬ6ȱpolyunsaturatedȱfaĴy
acidsȱ (PUFA)ȱ andȱ aȱ veryȱ highȱ omegaȬ
6/omegaȬ3ȱratio,ȱasȱfoundȱinȱtoday'sȱWestern
diets,ȱpromoteȱtheȱpathogenesisȱofȱmanyȱdiȬ
seases,ȱ includingȱ cardiovascularȱ disease,
cancer,ȱandȱinflammatoryȱasȱwellȱasȱautoimȬ
muneȱdiseases,ȱwhereasȱincreasedȱlevelsȱof
omegaȬ3ȱ PUFAȱ (aȱ lowȱ omegaȬ6/omegaȬ3
ratio)ȱexertȱsuppressiveȱeffects.

Hungaryȱisȱrichȱwithȱfreshwaterȱfishȱin
riversȱ butȱ theȱ consumptionȱ ofȱ fishȱ meat
lowerȱthanȱtheȱEuropeanȱaverage,ȱinȱ2007:
3.8ȱkg/capita/year,ȱinȱ2016ȱincreasedȱtoȱ6.7
kg/capita/year.ȱ Thereȱ areȱ someȱ popular
freshwaterȱfarmsȱinȱHungaryȱbutȱdifferentȱin
feedingȱandȱtheyȱareȱlivingȱinȱdifferentȱecoȬ
logicalȱareaȱwithȱalteredȱgeneticȱbackground

andȱlifestyle.ȱTheseȱtwoȱfish,ȱsturgeonȱandȱcatȬ
fish,ȱareȱalsoȱrelativelyȱeasyȱtoȱbreedȱinȱourȱcoȬ
untry,ȱdespiteȱtheȱfactȱthatȱtheyȱcomeȱfromȱa
veryȱdifferentȱhabitatȱinȱtermsȱofȱtheirȱancient
origin,ȱhowever,ȱtheyȱretainȱtheirȱgeneticȱand
phenotypeȱwell.ȱ

Basedȱonȱit,ȱweȱhypothesized,ȱthatȱtheȱright
muscleȱstructureȱisȱdependingȱfromȱprocessing
ofȱfreezingȱtechnologyȱofȱtheȱmeatȱbeforeȱcooȬ
kingȱandȱtheȱresultsȱbeingȱbeneficialȱunderȱexȬ
tremeȱenvironmentalȱconditions.ȱ

Theȱaimȱofȱthisȱstudyȱwasȱtoȱcompareȱthe
technoȬfunctionalȱparametersȱandȱstructureȱdifȬ
ferencesȱofȱmuscleȱbetweenȱfreshwaterȱfishȱwith
differentȱlifestyles.ȱWeȱwouldȱlikeȱtoȱshowȱthe
differencesȱofȱmolecularȱcomponentsȱfromȱfarȬ
medȱfreshwaterȱfishȱinȱHungary,ȱwhoseȱorigiȬ
nalȱ habitatȱ isȱ aliveȱ butȱ popularȱ among
consumers.

Materialȱandȱmethods

Studiedȱspecies
Africanȱcatfishȱ(Clariasȱgariepinus)ȱandȱSiberian
sturgeonȱ(Acipenserȱbaerii)ȱwereȱcomparedȱafter
freshȬȱ(precooled),ȱslowȬȱandȱrapidȬȱfreezingȱ(FiȬ
gureȱ2).ȱ

A

B

Fig.1.ȱTheȱSiberianȱsturgeonȱ(AcipenserȱBaerii)ȱ(A)
andȱAfricanȱcatfishȱ(ClariasȱgariepinusȱBurchell)ȱ(B)
areȱveryȱpopularȱandȱwellȱbreedingȱinȱHungary.ȱ

PhotoȱbyȱhĴpsǱȦȦwwwǯdreamstimeǯcomȦphotosȬimagesȦ
siberianȬsturgeonǯhtmlandhĴpsǱȦȦstockǯadobeǯcomȦ
searchǵkƽƖŘŘȱclariasƸgariepinusƖŘŘ
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Fig.2.ȱMeatȱofȱAfricanȱcatfishȱ(1,ȱ2ȱandȱ3)ȱandȱSiberianȱsturgeonȱ(4,ȱ5ȱandȱ6).ȱPhotoȱbyȱZoltánȱRépás

AfterȱtheȱprocessingȱofȱcleaningȱandȱfilȬ
letingȱofȱprecooledȱfish,ȱsmallȱpartȱofȱmuscle
wasȱfreshȬfreezingȱ(precooled)ȱatȱ4ȱoCȱ(FiȬ
gureȱ2:ȱ1,ȱ4)ȱorȱfastȬfreezingȱatȱȬ40ȱoCȱ(Figure
2:ȱ2,ȱ5)ȱorȱslowȬfreezingȱatȱȬ20ȱoCȱ(Figureȱ2:
3,ȱ6).ȱAfterȱfreezingȱtheȱpiecesȱofȱtissuesȱwere
washedȱinȱphosphateȱbufferȱcontainingȱ4.0ȱ%
saccharoseȱfirst.ȱ

TechnoȬfunctionalȱparameters

Measurementȱofȱwaterȱholdingȱcapacity
TheȱtestȱwasȱdoneȱbyȱGrauȱandȱHamm'ȱfilter
pressȱmethodȱ[16],ȱ(nȱ=ȱ10ȱ/fish).ȱFromȱthe
samples,ȱtheȱweightȱofȱtinyȱpeaȬgrainȱtissues
wasȱ determined,ȱ wrappedȱ inȱ filterȱ paper,
thenȱplacedȱbetweenȱ twoȱglassȱ sheetsȱ and
pressedȱforȱ5ȱminutesȱwithȱ1ȱkgȱweight.ȱAfter
that,ȱtheȱmassȱofȱfishȱmeatȱwasȱbackȱandȱcalȬ
culatedȱfromȱtheȱdata.

DeterminationȱofȱtheȱwaterȬbindingȱability
TheȱdeterminationȱofȱtheȱwaterȬbindingȱabiȬ
lityȱwasȱperformedȱusingȱaȱcookingȱprobe.
Theȱsizeȱofȱtheȱsamplesȱwasȱcutȱintoȱpiecesȱof
3x5ȱcmȱ(nȱ=ȱ10ȱ/fish),ȱmeasuredȱitsȱweightȱand
placedȱitȱinȱaȱheatȬtreatableȱbagȱandȱsealedȱit

withȱvacuumȱandȱfoilȱbaking.ȱTheȱheatȱtreatment
atȱ75ȱoCȱlastedȱ10ȱminutesȱwhichȱweȱbrought
backȱtoȱroomȱtemperature.ȱTheȱweightȱwasȱmeaȬ
suredȱbeforeȱpackagingȱandȱafterȱheatȱtreatment.
Afterȱheatȱ treatment,ȱ theȱwaterȱwasȱ carefully
soakedȱonȱtheȱsurfaceȱofȱtheȱsamplesȱandȱthen
wasȱcalculatedȱtheȱwaterȬbindingȱabilityȱ[8].ȱ

Scanningȱelectronȱmicroscopyȱanalysis
Theȱskeletalȱmusclesȱofȱtwoȱtypesȱofȱfishȱwere
collectedȱandȱtheȱanatomyȱanalyzedȱwithȱaȱsteȬ
reoȱmicroscopy.ȱHereȱtheȱmainȱaimȱwasȱtoȱstudy
highȱ resolutionȱ ultrastructureȱ withȱ scanning
electronȱmicroscopyȱ (SEM).ȱ Theȱ tissuesȱwere
treatedȱinȱphosphateȱbufferȱ(PBS,ȱpHȱ6.7)ȱconȬ
tainingȱ4.0%ȱsaccharoseȱtoȱkeepȱtheȱphysiologiȬ
calȱconditionȱofȱcells,ȱandȱcontinuedȱwithȱ30%
saccharoseȱatȱ4ȱoCȱduringȱ2ȱhoursȱinȱPBSȱ(pH
6.7).ȱSmallȱpiecesȱofȱfishȱsamplesȱwereȱfixedȱin
2.5%ȱglutaraldehydeȱ containingȱPBSȱ (pHȱ6.7)
supplementedȱwithȱ 30%ȱ saccharoseȱ duringȱ 2
hours.ȱAfterȱpostȬfixationȱinȱ1%ȱOsO4ȱforȱ1ȱhour,
theȱsamplesȱwereȱdehydratedȱinȱaqueousȱsoluȬ
tionsȱofȱincreasingȱethanolȱconcentrations,ȱcritiȬ
calȱ pointȱ dried,ȱmountedȱ onȱ specimenȱ stubs,
coveredȱwithȱ15ȱnmȱchromiumȱbyȱaȱQuorum
Q150TȱESȱspuĴerȱandȱobservedȱinȱaȱJEOLȱJSMȬ
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7100F/LVȱscanningȱelectronȱmicroscopeȱby
usingȱ3ȱkVȱacceleratingȱvoltage.

Analysisȱ andȱ documentationȱ ofȱ the
samplesȱwereȱcarriedȱoutȱwithȱaȱprogramȱof
scanningȱelectronȱmicroscopeȱandȱMicrosoft
programs.ȱ

Organolepticȱanalysisȱ
Theȱsensoryȱexaminationȱwasȱcarriedȱoutȱby
17ȱindependentȱstudentsȱfromȱtheȱUniverȬ
sityȱofȱSzegedȱFacultyȱofȱEngineering.ȱThe
fishȱproductsȱexaminedȱwereȱdifferentȱtypes
ofȱfrozenȱandȱcoldȱsmokedȱfish.ȱAȱtotalȱofȱsix
samplesȱ wereȱ evaluated:ȱ theȱ preȬchilled
(EH),ȱslowȱ(SF)ȱandȱfastȱfrozenȱ(FF)ȱfishȱof
theȱtwoȱtestedȱspecies.ȱTheȱevaluationȱcriteȬ
riaȱareȱtexture,ȱtaste,ȱandȱsmell.ȱTheȱevaluaȬ
tionȱwasȱbasedȱonȱaȱtextualȱassessmentȱand
aȱscoringȱmethod,ȱwhichȱrangedȱfromȱ0ȱtoȱ10
points.ȱTheȱhigherȱtheȱscoreȱaȱsampleȱreceiȬ
ved,ȱ theȱ softȱ itȱ tastedȱandȱsmelledȱbeĴer.
Textȱopinionsȱwereȱevaluatedȱaccordingȱto
theirȱcontentȱasȱpositiveȱorȱratherȱnegative.

Results

TechnoȬfunctionalȱparametersȱ
TechnoȬfunctionalȱpropertyȱincludesȱwaterȱholȬ
dingȱcapacity,ȱwaterȬbindingȱabilityȱandȱemulȬ
sificationȱofȱtheȱpH.

WeȱmeasuredȱtheȱproximalȱtechnoȬfunctioȬ
nalȱparametersȱofȱmuscleȱinȱSiberianȱsturgeon
andȱAfricanȱcatfishȱ(Figureȱ1ȱandȱ2;ȱTable1).ȱThe
waterȱholdingȱcapacity,ȱwasȱhighestȱinȱprecooȬ
ledȱmuscleȱinȱbothȱfishȱhasȱwellȱasȱtheȱwaterȬbinȬ
dingȱability.ȱHowever,ȱtheȱboilingȱlossȱwasȱhigh
afterȱfastȱfreezingȱinȱsturgeonȱandȱcatfishȱtoo.
Massȱ ofȱmeatȱwasȱhighestȱ afterȱ coolingȱ back
(Table1),ȱitȱisȱoppositeȱwhatȱwasȱexpected,ȱwith
slowȱfreezingȱmethodȱinȱbothȱfish.ȱ

InȱtheȱAfricanȱcatfishȱtheȱtechnoȬfunctional
parametersȱareȱratherȱpositiveȱcharactersȱbutȱin
Siberianȱsturgeonȱtheȱphysiologicalȱtaste,ȱconȬ
sistency,ȱflavorsȱandȱessenceȱwereȱmuchȱmore
pronouncedȱinȱorganolepticȱanalysis.ȱThisȱwas
preliminaryȱexperimentsȱ(notȱshown).

Tableȱ1.ȱProximalȱtechnoȬfunctionalȱparametersȱofȱmuscleȱinȱSiberianȱsturgeonȱandȱAfricanȱcatfish.ȱMeasuȬ
redȱbyȱZoltánȱRépás
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Structureȱofȱskeletalȱmuscleȱ inȱ freshwaterȱfish
usingȱscanningȱelectronȱmicroscopy
Methodsȱwereȱdevelopedȱforȱstudyingȱwith
scanningȱelectronȱmicroscopeȱ(SEM)ȱtoȱinȬ
vestigateȱandȱcompareȱtheȱmuscleȱstructure
byȱmolecularȱscaleȱbetweenȱtwoȱdifferentȱoriȬ
ginatedȱfreshwaterȱfish.

TheȱstructuresȱofȱskeletalȱmuscleȱareȱdifȬ
feringȱbetweenȱSiberianȱsturgeonȱ(Acipenser
sp.)ȱandȱAfricanȱcatfishȱ(Clariasȱsp.)ȱ inȱFiȬ
gure1.ȱTheȱstiffnessȱandȱtheȱcolorȱofȱmuscle
appearedȱtoȱbeȱdifferentȱinȱbothȱspeciesȱ(FiȬ
gureȱ2)ȱofȱfreshwaterȱfish.ȱ

Earlier,ȱtheȱscoringȱassessmentȱofȱorgaȬ
nolepticȱanalysisȱgaveȱaȱhighȱscoreȱinȱboth
species.ȱInȱthisȱinvestigation,ȱweȱdetermined
theȱmolecularȱstructureȱofȱmuscleȱofȱSiberian
sturgeonȱandȱAfricanȱcatfishȱbyȱSEMȱmetȬ
hod.

AfricanȱcatfishȱhasȱaȱtightlyȱclosedȱmusȬ
cleȱmassȱwithȱdarkerȱredȱcolor,ȱwhileȱtheȱSiȬ
berianȱsturgeonȱhasȱaȱlightȱroseȱcolorȱ(Figure
2,ȱ1Ȭ3).ȱMuscleȱofȱtheȱsturgeonȱshowsȱmore
softnessȱ(Figureȱ2,ȱ4Ȭ6).ȱTheȱprecooledȱand

slowȬfreezeȱmuscleȱstructureȱwasȱveryȱsimilar
comparingȱtoȱtheȱownȱcontrolsȱ(precooled)ȱin
species.ȱButȱinȱtheȱsturgeonȱsamplesȱthereȱareȱseȬ
veralȱsmallȱdropsȱofȱfatȱcomparingȱtoȱcatfishȱ(FiȬ
gureȱ 3ȱ leftȱ sideȱ comparingȱ toȱ theȱ catfishȱ in
precooledȱsamples).ȱTheȱbarsȱonȱSEMȱphotosȱof
Siberianȱsturgeonȱareȱ10ȱΐmȱonȱtheȱleftȱcolumn
andȱ100ȱΐmȱonȱrightȱside,ȱbutȱoppositeȱonȱphoȬ
tosȱofȱAfricanȱcatfish,ȱbarsȱare100ȱΐmȱonȱtheȱleft
columnȱandȱ10ȱΐmȱonȱrightȱsideȱinȱFigureȱ3.ȱThe
precooledȱandȱslowȬfreezeȱpaĴernsȱwereȱnotȱdifȬ
ferentȱinȱphotosȱofȱtheȱsturgeonȱasȱwellȱasȱofȱcatȬ
fish.

TheȱmolecularȱstructureȱappearedȱtoȱbeȱalȬ
teredȱafterȱfastȬfreezeȱvariouslyȱdependingȱon
theȱmolecularȱstructureȱ(Figureȱ3).

Weȱhaveȱ someȱknowledgeȱ thatȱ theȱ slowȬ
freezeȱcanȱchangeȱtheȱmuscleȱstructureȱbecause
iceȱcrystalsȱcomeȱintoȱbeingȱandȱthisȱprocessȱcan
influenceȱtheȱtissuesȱstructureȱbutȱnotȱinȱfreshȬ
waterȱfishȱ[17].ȱThisȱworkȱisȱfirstȱtoȱdemonstrate
theȱdifferenceȱbetweenȱfreshwaterȱfishȱcanȱkeep
theȱoriginalȱmuscleȱstructureȱinȱalteredȱhabitats.ȱ

Fig.3.ȱȱAnalysisȱbyȱscanningȱelectronȱmicroscopeȱofȱmuscleȱtissuesȱofȱSiberianȱsturgeonȱandȱAfricanȱcatfish
afterȱpreȬchilledȱandȱfastȬfrozen.ȱCONȱ=ȱcontrol,ȱPreȬChilledȱtissues;ȱFAST=ȱfastȬfrozenȱtissues.ȱInvestigated
byȱDr.ȱIldikóȱDomonkos.
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However,ȱweȱhadȱnotȱsoȱmuchȱknowȬ
ledgeȱaboutȱthisȱprogressȱinȱfreshwaterȱfish
untilȱnow.ȱOurȱresultsȱrevealedȱthatȱbothȱthe
fastȬfreezeȱandȱslowȬfreezeȱcanȱalteredȱthe
molecularȱstructureȱbutȱmayȱbeȱtheȱprecooȬ
ledȱtissuesȱisȱmaintainingȱonlyȱtheȱoriginal
structureȱofȱmyocytesȱunderȱshortȱintervals.ȱ

TheȱscanningȱelectronȱmicroscopyȱmetȬ
hodȱisȱanȱadvantageousȱchoiceȱforȱtheȱdetecȬ
tionȱofȱqualityȱdifferencesȱinȱmeatȱbecause
theyȱ supportedȱ theȱorganolepticȱ tests,ȱ the
thousandsȱofȱyearsȱofȱexperienceȱinȱtheȱproȬ
cessingȱofȱmeatȱwithȱvisibleȱtissueȱchanges
onȱtheȱsectionsȱofȱFigureȱ3.ȱ

InȱtheȱcaseȱofȱprocessingȱofȱfastȬfreezing
inȱSiberianȱsturgeon,ȱbutȱtheȱslowȬfreezing
processȱinȱAfricanȱcatfishȱwasȱfoundȱofȱthe
organolepticȱcharacteristicsȱofȱtheȱfinalȱproȬ
duct;ȱtheyȱareȱpositivelyȱinfluencedȱbyȱthe
freezingȱprocess.ȱInȱtheȱfutureȱweȱareȱableȱto
carryȱoutȱdeeperȱanalysisȱatȱmolecularȱlevel
withȱhighȱresolution.

Organolepticȱanalysis

Theȱ SEMȱ techniqueȱ wasȱ anȱ advantaȬ
geousȱpossibilityȱforȱtheȱdeeperȱanalysisȱof
macromolecularȱsystemsȱinȱtheȱstructureȱof
muscleȱcellsȱandȱfibers.

Theȱtextureȱofȱfreshȱandȱfriedȱmuscleȱof
catfishȱandȱsturgeonȱfilletsȱsignificantlyȱdifȬ
ferȱfromȱthatȱofȱtheȱroastedȱfilletsȱinȱmeatȱbeȬ
causeȱtheyȱsupportedȱtheȱorganolepticȱtests,
theȱthousandsȱofȱyearsȱofȱexperienceȱinȱthe
processingȱofȱmeatȱwithȱvisibleȱtissueȱchanȬ
gesȱonȱtheȱsections.
InȱtheȱcaseȱofȱprocessingȱofȱfastȬfreezingȱin
Siberianȱsturgeon,ȱbutȱtheȱslowȬfreezingȱproȬ
cessȱinȱAfricanȱcatfishȱwasȱfoundȱofȱtheȱorȬ
ganolepticȱcharacteristicsȱofȱallȱparametersȱin
theȱfinalȱproduct,ȱ inȱsmokedȱfishȱofȱ them;
theyȱ areȱ positivelyȱ influenceȱ byȱ theȱ right
freezingȱprocess.ȱ

Afterȱfriedȱwithȱoil,ȱtheȱtechnoȬfunctioȬ
nalȱparametersȱofȱtheȱAfricanȱcatfishȱwere
ratherȱpositiveȱcharactersȱwithȱslowȱfreezing,
butȱSiberianȱsturgeonȱwithȱfastȬfreezingȱwas

theȱbestȱinȱsubstance,ȱtasteȱandȱessence.
ThisȱstudyȱisȱtheȱfirstȱwhichȱhasȱanȱadvanȬ

tageȱinȱtheȱindustrialȱfreshwaterȱfishȱmeatȱproȬ
cessing.

Discussion

Theȱpurposeȱwasȱtoȱdemonstrateȱthatȱtheȱ(1)
muscleȱtissuesȱcanȱbeȱstudiedȱatȱhighȱresolution
inȱfreshwaterȱfishȱbyȱnanotechnologyȱmethods
atȱmolecularȱlevel,ȱ(2)ȱtheȱskeletalȱmuscleȱstrucȬ
tureȱcanȱbeȱdifferentȱdependingȱfromȱoriginated
ofȱanimalȱandȱ(3)ȱlivingȱstyle.ȱ(4)ȱTheȱorganoȬ
lepticȱanalysisȱofȱfreshwaterȱfishȱcanȱbeȱreflecȬ
tedȱ theȱ connectionȱ betweenȱ theseȱ molecular
differencesȱinȱtheȱmuscle.

Fiber’s,ȱstructuralȱelementsȱasȱwellȱasȱthe
lipidȱcontentȱofȱmuscleȱareȱdifferentȱbetween
theseȱspeciesȱdemonstratedȱPelvicȱetȱal.ȱ(2019)
[18].ȱTheȱknowledgeȱofȱtheȱmolecularȱstructure
andȱcompositionȱofȱmeatȱisȱimportantȱforȱthe
preciseȱseĴingȱofȱfunctionalȱparameters.ȱAfter
fryingȱtheȱslicesȱinȱoil,ȱbothȱtheȱAfricanȱcatfish
slowȬfreeze,ȱandȱSiberianȱsturgeonȱfastȬfreeze
areȱbestȱinȱsubstance,ȱconsistency,ȱtasteȱandȱesȬ
sence.ȱTheȱsturgeonȱwasȱbeĴerȱ5%ȱinȱtasteȱcomȬ
paringȱ toȱ catfishȱ only,ȱ butȱ substanceȱ and
essenceȱwereȱclosedȱinȱscoringȱassessmentȱofȱorȬ
ganolepticȱanalysisȱ(n=ȱ17ȱstudents,ȱunpublisȬ
hedȱdata).ȱThisȱanalysisȱwithȱSEMȱneedsȱtoȱbe
repeatedȱmoreȱtimes.

TheȱclosedȱfibrousȱstructureȱofȱtheȱAfrican
catfishȱneedsȱtheȱdestructiveȱeffectȱofȱlargeȱice
crystalsȱdueȱtoȱslowȱfreezing.ȱThisȱandȱtheȱlipid
contentȱ ledȱ toȱ theȱ improvementȱofȱ theȱ tissue
structureȱassociatedȱwithȱtheȱbeneficialȱpleasure
value.

Theseȱ twoȱfishȱareȱalsoȱrelativelyȱeasyȱ to
breedȱinȱourȱcountry,ȱdespiteȱtheȱfactȱthatȱthey
comeȱfromȱaȱveryȱdifferentȱhabitatȱinȱtermsȱof
theirȱancientȱorigin,ȱhowever,ȱtheyȱretainȱtheir
geneticȱandȱphenotypeȱwell.ȱ

TheȱstructuralȱchangesȱinȱSturgeonȱdueȱto
rapidȱfreezingȱandȱhigherȱlipidȱcontentȱproved
toȱbeȱsufficientȱtoȱincreaseȱtheȱenjoymentȱvalue
ofȱtheȱproduct.ȱConsumptionȱaȱfish,ȱasȱaȱgood
meat,ȱwillȱbeȱraisedȱmostȱlikely,ȱdueȱtoȱtheȱcomȬ
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Resumo

Oniȱrekomendisǰȱkeȱhomojȱmanĝuȱfiŝojnȱriĉaj
jeȱnesaturitajȱgrasojȱalmenaŭȱdufojeȱsemajneȱpor
reduktiȱ laȱriskonȱdeȱkormalsanoǯȱFiŝokonsumo

estasȱsignifaǰȱplejparteȱdeȱfiŝojȱvivantajȱenȱoceanaȱsaȬ
lakvoǯȱTamenǰȱenȱlandojȱsenȱmaroȱkielȱHungarioǰȱla
riĉecoȱdeȱdolĉakvajȱfiŝojȱevoluigisȱlarĝanȱgamonȱde
kuirteknikojȱporȱfiŝojȱkunȱmalsamaȱnutradoǯȱNiȱsuȬ
spektasǰȱkeȱmuskolstrukturajȱdiferencojȱankoraŭȱne
estisȱesploritajǯȱLaȱdiferencoȱenȱgrasacidaȱkonsistoȱde
afrikaȱanarikoȱkajȱsiberiaȱsturgoȱestasȱkonataǰȱsedȱneȬ
niujȱmorfologiajȱstudojȱestisȱfaritajȱpriȱiliaȱmuskola
strukturoǯȱLaȱceloȱdeȱĉiȱtiuȱstudoȱestisȱkompariȱla
strukturdiferencojnȱinterȱdolĉakvajȱfiŝojȱkunȱmalsaȬ
majȱvivstilojǯȱLaȱorganizoȱdeȱmuskolaȱstrukturoȱestis
monitoritaȱenȱviandoȱperȱcitokemioȱkombinitaȱkun
skanajȱelektronajȱmikroskopajȱstudojȱsurȱhistojȱdeȱdu
malsamajȱspeciojǰȱkajȱlaȱteknoȬfunkciajȱparametroj
mezuritajǯȱLaȱfiletajȱmuskolojȱdeȱafrikaȱanarikoȱǻClaȬ
riasȱgariepinusǼȱkajȱsiberiaȱsturgoȱǻAcipenserȱbaeriiǼ
estisȱkomparitajȱpostȱfreŝaȱkajȱrapidaȱfrostigoǯȱLaȱriȬ
lataȱkompleksaȱstrukturoȱdeȱmuskoloȱenȱambaŭȱspeȬ
ciojȱŝajnisȱmalsamaǯȱUnuȱestasȱforteȱfermitaȱmuskola
masoǰȱdumȱlaȱaliaȱestasȱmolaȱstrukturoǰȱkiuȱmontras
malsamanȱgradonȱdeȱmolecoȱdeȱlaȱviandoȱpostȱbaȬ
kadoǯȱEnȱambaŭȱspeciojǰȱlaȱĝustaȱmuskolaȱstrukturo
estasȱutilaȱsubȱekstremajȱmediajȱkondiĉojǯȱLaȱmalȬ
samaȱskeletaȱstrukturoȱenȱfiŝojȱbezonasȱŝanĝitanȱpriȬ
laboradonǰȱkiunȱniȱdezirasȱdaŭrigiȱkunȱpliajȱprovoj
kajȱprepariȱbongustajnȱmanĝaĵojnȱporȱkonsumantoj
kajȱuzonȱenȱdietetikoǯ
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