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Abstract:Analysisoffishmeatusinggaschromatographyisdescribed.Flavoristhesensationarisingfromtheinterplayof

thesignalsofsensingsmell, tasteandirritatingstimulifromfoodstuff.Forhuman, flavorandnutritionareinseparable.In

fish, traceamountofvolatileorganiccompounds(VOCs)arethemajorcompoundstoaffectconsumer' spreference, which

areproducedduringstorageandspoilage.Inthepresentstudy, volatilecompoundswereextractedbyLikens-Nickersoncon-

currentdistillationapparatusfromwildandfarmedCirrhinamrigalaandCyprinuscarpio.Thequantitativeandqualitative

estimationofvolatileswasmadebygaschromatography.Wildandfarmedfishofdifferentfishsizeswerecomparedforthese

compounds(appearingintheformofpeaks), whichwereidentifiedfromtheirretentiontimebycomparingwiththestand-

ards.FifteenmajorVOCswerefoundinthesespecieswhichincludedhexadecane, 3-octanol, hexanal, decane, 3-hexene-

1-ol, 2-undecanone, 2-heptanone, butanal, 2-nonanone, 1-heptanal, furaldehyde, 3-methyl-1-butanal, trans-3-hexene-1-

ol, octanalanddecanal.Thesecompoundsvariedqualitativelyandquantitativelyinbothwildandfarmedfishofdifferent

fishsizes.
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　　Nowadays, fishconsumptionisincreasingforthe

freshnessandpalatableflavouroffishmeat.Flavouris

thesensationarisingfromtheinterplayofsignalsof

sensingsmell, tasteandirritatingstimulifromfood-

stuffs.Forhuman, flavourandnutritionareinsepara-

ble.Itisprimarilyaromathatdistinguishestheflavour

ofonefoodfromtheothers.Aromadependsuponthe

vapourpressureoffoodconstituentsandontheinterac-

tionbetweenvolatilecompoundsandnon-volatilecom-

pounds
[ 1]
.Aromaisformedintraceamountfromvola-

tileorganiccompounds(VOCs)andsemivolatilecom-

pounds, whichisconsideredmoreimportantthantaste

volatilecompounds, becauseitcanbemeasuredand

thequantityreflectsthefreshnessoffish.Freshnessof

fishisimportanttoconsumer' spreference, andthere

isastrongtendencytoselectfreshfishasthealterna-

tivemeatsourceforhuman
[ 2]
.Firstsensorychangeof

fishduringstorageisconcernedwiththeappearance

andtexture.Thecharacteristictasteofspeciesisnor-

mallydevelopedinthefirstcoupleofdaysduringstor-

ageinice.Themostdramaticchangeistheonsetofrig-

ormortis.Afterdeathmusclesaretotallyrelaxedimme-

diatelyandlimpelastictextureusuallypersistsforsome

hours, thereaftermuscleswillcontract.Whenitbecomes

hardandstiffs, thewholebodybecomesinflexibleand

thefishisinrigormortis.Thisconditionusuallylastsfor

adayormoreandthenrigorresolves.Theresolutionof

rigormortismakesthemusclesrelaxagainanditbe-

comeslimp, butnolongeraselasticasbefore.Therate

ofonsetandresolutionofrigorvariesfromspeciesto

speciesandisaffectedbytemperature, handling, size

andphysicalconditionsoffish
[ 3]
.
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Oneofthevolatilecompoundstrimethylamine

(TMA)maybeproducedwhichhasverycharacteristic

“fishy” smell.　Fleshofhealthyliveornewlycaught

fishissterileastheimmunesystemofthefishprevents

thebacteriafromgrowingintheflesh.Whenthefish

dies, theimmunesystemcollapsesandbacteriagetac-

cesstoproliferatefreely.Theycolonizeontheskinsur-

faceandinvadethefleshduringstoragebymovingbe-

tweenthemusclefibers.Microorganismsarefoundon

alloutersurfaces(skinandgills)andintheintestine

ofliveandnewlycaughtfish.Theseorganismspromote

spoilageoffish.InthePakistanfish, spoilagemainly

takesplaceduringitstransport.Thepresentprojectwill

indicatetherateofspoilage.Fishfromcoldwaterhas

verylowernumberoftheseparasitesthanfromwarm

waters.Fishspoilatverydifferentratesanddifferences

insurfacepropertieshavebeenproposedtoexplainthis

spoilage.Skinsoffishhaveverydifferenttextures.Thus

whiting(Merlangiusmerlangus) andcod(Gadus

morhua), havingveryfragileintegumentspoilrapidly

ascomparedtoseveralflatfishsuchasPlaicethathas

veryrobustdermisandepidermis.Furthermore, latter

hasverythickslimelayercontainingseveralantibacte-

rialcomponents.Smallerandyoungerfishhaveless

timetoaccumulatecontaminantsthanolderandlarger

oneandaresaferforconsumption
[ 4]
.

Volatilesulfurcompoundsaretypicalcomponents

ofspoiledfishandmostofthespecificspoilagebacteria

produceoneorseveralvolatilesulfides.Thevolatile

sulfurcompoundsareveryfoul-smelling, theirminimal

quantityhasaconsiderableeffectonqualityandthey

canbedetectedatppblevels.Oxidationandhydrolysis

offishlipidsaretwodistinctreactionsforqualitydete-

rioration.Theyresultinproductionofwiderangeof

substances, amongwhichsomehaveunpleasanttaste

andsmell, somemayalsocontributetotexturechanges

bybindingcovalentlytofishmuscleproteins.Fattyfish

areofcourseparticularlysusceptibletolipiddegrada-

tionandcancreateaseverequalityproblemevenon

storageatsubzerotemperatures
[ 5]
.Thepresentstudy

wasdesignedtoestimatethevolatileconstituentsinfish

fleshfromwildandfarmedCirrhinamrigalaandCypri-

nuscarpioofthreedifferentfishsizes, toseetheeffect

ofbodyweightontheaccumulationofvolatilesandto

suggesttheirpreferenceforconsumptionoftheseorgan-

iccompounds

1　MaterialandMethods

1.1　PreparationofFishSampleforAnalysis　

FarmedCirrhinamrigalaandCyprinuscarpioofthree

fishsizesdesignatedasF1(500— 800 g), F2(801—

1100 g)andF3(1101— 1400 g)wereprocuredfrom

FishHatchery, SatianaRoad, Faisalabad, Pakistan.

Whilst, wildCirrhinamrigalaandCyprinuscarpioof

threefishsizesdesignatedasW1(500— 800 g), W2

(801— 1000 g)andW3 (1101— 1400 g)werepro-

curedfromHeadTrimmu, Jhang.Fishweretransported

livelyfromthecatchmenttoFisheriesResearchLabora-

tory, DepartmentofZoology, GCUniversity, Faisala-

bad, Pakistan.

Eachfishsamplewaswashedwithtapwaterand

thengivenlongitudinalcutfromtheventralside.Vis-

ceralorganswereremovedinordertoavoidcontamina-

tionbymicrobesfromtheviscera.Fleshwasremoved

fromthefishsample, weighedonelectricalbalance

andcutintopiecesbeforestorageinfreezerforfurther

analysis.Thesesampleswereanalyzedfordetectionof

volatilecomponentsinFlavourResearchLaboratory,

NuclearInstituteforAgricultureandBiology, Faisala-

bad.Sevenreplicateswereusedforcriticalanalysis.In

thisproject, Liken-Nickersonconcurrentdistillation

extractionmethodwasusedforextractionofvolatile

compoundsasdescribedpreviously
[ 6]
.

1.2　IdentificationofComponents　Thepeaksfor

thecompoundspresentinthevolatilemixturewerere-

cordedinthegiventimeofhalfanhourofchromato-

gramcompletion.Theretentiontimeandconcentrations

ofVOCswerenotedbygaschromatographdirectly.

Identificationoftheseunknowncompoundswasmade

bycomparingwiththestandardsunderidenticalwork-

ingconditions.

Columnused2m×2mmpackedwith10% SE-30

onchromosorb.WAW 80-100 mesh.Columntempera-

turewasprogrammedat80 ℃foroneminuteandthen

roseattherateof8 ℃ / min.upto150 ℃.Injector

temperature150 ℃, Detectortemperature200 ℃,

CarrierGasNitrogen, FlowrateofCarrierGas25mL/

min, Hydrogenpressure20 psi, Airpressure50psi,
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VolumeInjected10μL, GasChromatographPerkinEl-

merModel3920 EquippedwithFIDandShimadzuC-

R4AchromatopacIntegrator.

Qualitativeandquantitativeestimationforeachin-

dividualcompoundwasmadebygaschromatographit-

self.Thecompoundsrepresentintheformofpeakson

therecorderandtheconcentrationwasgivenbytheGC

directlyforeachcompound.Theidentificationforeach

individualcompoundwasdonebycomparingwiththat

ofstandards.

Followingstandardswereused:Hexadecane, 3-

octanol, hexanal, pentadecane, 3-hexene-1-ol, 2-un-

decanone, 2-heptanone, butanal, 2-nonanone, 1-hep-

tanal, furaldehyde, 3methyl-1-butanol, trans-3-hex-

ene-1-ol, octanalanddecanal.(Merck, Germany).

Two-wayanalysisofvariancewasperformedbyfollow-

ing(11).

2　Results

ChromatogramofwildCirrhinamrigalaofgroup

W1showedthat24 volatileorganiccompoundswere

presentedintheessence.However, only10compounds

wereidentified, therewerehexanal, trans-2-hexen-1-

ol, 1-heptanal, octanal, 3-octanal, 2-nonanone, deca-

nal, 2-undecanone, pentadecane, andhexadecane

(Fig.1A).Decanalwasthemajorvolatilecompound

followedby2-undecanone.Chromatogramobtainedfrom

thefleshofwildCirrhinamrigalaofW2 revealedthat

30 volatilecompoundswerepresentedinthisgroup.

Whileonly8 compoundswereidentifiedas3-hexen-1-

olforpeak2, octanalforpeak9, 3-octanolforpeak

10 , 2-nonanoneforpeak11, decanalforpeak13, 2-

undecanoneforpeak15 , pentadecaneforpeak18 and

hexadecaneforpeak20.IngroupW2 , 2-undecanone

wasthemajorcompoundcloselyfollowedbydecanal

andpentadecane(Fig.1B).

Thechromatogramofvolatilecompoundsinthe

fleshofCirrhinamrigalaofgroupW3 revealedthat23

compoundswerepresentinthisfishflesh.Among

which, 7 compoundswereidentifiedasfuraldehyde,

trans-2-hexen-1-ol, 2-heptanal, 3-octanol, decanal,

2-undecanoneandhexadecane.Ithasbeenobserved

thatdecanaland2-undecanonewasfoundinequalpro-

portionandwascloselyfollowedbyhexadecanewhile

2-heptanonewasfoundintheleastamount(Fig.1C).

ChromatograminfleshoffarmedCirrhinamrigala

ofgroupF1 showedthat23volatilecompoundswerede-

tected.Amongwhich, 7 compoundswereidentifiedas

3-methyl-1-butanol, 3-hexen-1-ol, 1-heptanal, 3-oc-

tanal, 2-undecanone, butanalandhexadecane.2-Un-

decanonewasinabundanceandwasfollowedby3-hex-

en-1-olandbutanal(Fig.1D).

ChromatogramoffarmedfishofgroupF2 showed

thattherewere7 compoundspresentedinthisfish

size.Amongwhich, 8 compoundswereidentifiedas

furaldehyde, trans-2-hexen-1-ol, 2-undecanone, 3-oc-

tanol, 2-nonanone, 2-heptanopne, butanal, andhexa-

decane.Maximumconcentrationwasrecordedfortrans-

2-hexen-1-ol(Fig.1E).

ChromatogramoffarmedCirrhinamrigalaofF3

showedthat18 compoundswerepresentedinfishmeat

ofthisfish.7 compoundswereidentifiedastrans-2-

hexen-1-ol, octanal, 3-octanal, 2-nonanone, decanal,

2-undecanoneandhexadecane.Trans-2-hexen-1-oland

2-nonanoneshowedalmostinsameconcentrationclose-

lyfollowedby2-undecanone.3-Octanaloccurredinthe

leastamount(Fig.1F).

Chromatogramobtainedfromtheanalysisofflesh

samplefromwildCyprinuscarpioofW1 showedthat24

compoundswerepresentedinthefishbut15 wereob-

servedbytherecorderphaseofGC.Fromthese15

compounds, 6 compoundswereidentified.Theywere

furaldehyde, 1-heptanone, 3-octanol, 2-nonanone, 2-

undecanone, hexadecane.Fromthesecompounds, 1-

heptanonewasfoundinconsiderableamountclosely

followedby2-nonanone(Fig.1G).

Chromatogramobtainedfromtheanalysisofflesh

samplefromwildCyprinuscarpioofW2 indicatedthat

14 compoundswerepresentedinthesample.Outof

those, 9compoundswereidentified.Theyweretrans-2-

hexen-1-ol, 1-heptanal, octanal, 3-octanol, 2-non-

anone, decanal, 2-undecanone, butanalandhexade-

cane.2-nonanonewasfoundinthemaximumconcen-

tration(Fig.1H).

Chromatogramobtainedfromtheanalysisoffish

meatfromwildCyprinuscarpioofW3 representedthat

26 volatilecompoundswerepresentedinthefish.From

thesetotal26 volatilecompounds, 8 compoundshave
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beenidentifiedasfuraldehydeforpeak1, trans-2-hex-

en-1-olforpeak3, 3-octanalforpeak5, 2-nonanone

forpeak8, decanalforpeak12, 2-undecanonefor

peak15, pentadecaneforpeak19andhexadecanefor

peak20.Inthisgroup, decanalwasthemajorcom-

poundfollowedbypentadecane(Fig.1 I).

Chromatogramobtainedfromtheanalysisofflesh

fromfarmedCyprinuscarpioofF1 showed24 volatile

compounds.Outofthose, total24volatilecompounds,

9 compoundswereidentified.Theywere3-methyl-1-

butanol, hexanal, 1-heptanal, octanal, 2-nonanone,

decanal, 2-undecanone, butanalandhexadecane.Vol-

atilecompound2-nonanonewasdominating(Fig.1J).

Chromatogramobtainedfromtheanalysisofes-

sencefromfarmedCyprinuscarpioofF2 showedthat22

volatilecompoundswerepresentedinfishflesh.Outof

those22volatilecompounds, 6volatilecompoundswere

identified.Theywerehexanal, octanal, 3-octanol, 2-

nonanone, 2-undecanoneandhexadecane(Fig.1K).

Chromatogramobtainedfromtheanalysisofes-

sencefromfarmedCyprinuscarpioofF3showedthat28

volatilecompoundswerepresentedinthisfishsample.

Outofthose28volatilecompounds, 7 wereidentified.

Theywere3-methyl-1-butanal, hexanal, 2-nonanone,

decanal, 2-undecanone, butanalandhexadecane.Hex-

analwasfoundinmaximumconcentration(Fig.1L).

Figures(M-P)indicatecomparativestudiesbe-

tweenwildandfarmedandinbetweendifferentspe-

cies.

3　Discussion

Tasteisusuallythoughttobeperceivedinthe

mouthandisduetonon-volatileconstituents, while

aromaisusuallythoughttobeperceivedinnoseand

mainlyduetovolatileconstituentsofthefood
[ 7]
.How-

ever, somevolatilecompoundsnotonlyaffecttaste

(flavourbymouth)butalsoaroma(flavourbynose).

Althoughodourortasteperceptionbyhumanisnot

normallynecessaryforsurvival, wearestillquitesen-

sitivetovolatilesubstances.Certainfoodsarelikedor
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Fig.1　Volatilecompoundsareshownintheformofpeaks(eachpeakrepresentparticulartypeofcompound)inthechromatogramsabove

(A)VolatilecompoundsinfleshfromwildCirrhinamrigalaunderweightcategoryW1(500-800gm);(B)volatilecompoundsinflesh

fromwildCirrhinamrigalaunderweightcategoryW2(801-1100gm);(C)volatilecompoundsinfleshfromwildCirrhinamrigalaunder

weightcategoryW3(1101-1400gm);(D)volatilecompoundsinfleshfromfarmedCirrhinamrigalaunderweightcategoryF1(500-

800gm);(E)volatilecompoundsinfleshfromfarmedCirrhinamrigalaunderweightcategoryF2(801-1100gm);(F)volatilecom-

poundsinfleshfromfarmedCirrhinamrigalaunderweightcategoryF3(1101-1400gm);(G)volatilecompoundsinfleshfromwild

CyprinuscarpiounderweightcategoryW1(500-800gm);(H)volatilecompoundsinfleshfromwildCyprinuscarpiounderweightcate-

goryW2(801-1100gm);(I)volatilecompoundsinfleshfromwildCyprinuscarpiounderweightcategoryW3 (1101-1400gm);

(J)volatilecompoundsinfleshfromfarmedCyprinuscarpiounderweightcategoryF1(500-800gm);(K)volatilecompoundsinflesh

fromfarmedCyprinuscarpiounderweightcategoryF2(801-1100gm);(L)volatilecompoundsinfleshfromfarmedCyprinuscarpio

underweightcategoryF3(1101-1400gm);M-PshowcomparisonofVOCsoftwosamplesinasinglechromatogram;(M)volatilecom-

poundsinfleshfromfarmedandwildCirrhinamrigala;(N)volatilecompoundsinfleshfromfarmedandwildCyprinuscarpio;

(O)ChromatogramforcomparisonofvolatilecompoundsinfleshfromfarmedCirrhinamrigalaandCyprinuscarpio;(P)volatile

　　　　　　 compoundsinfleshfromwildCirrhinamrigalaandCyprinuscarpio

dislikedbecauseofsuchcompoundspresentinvery

smallconcentration.Typicallyfishdonotcontainlevel

ofcontaminants, theyareenoughtocausearemarka-

blethreattothehealthevenafterafewmeals.Risk

frompersistentorganiccontaminantsincreasesforthose

personsregularlyconsuminglargerfishandpredatory

fishfromareasofcontaminations.Inthepresentstudy,

wildfishwascaughtfromtheriverandfarmedfishwas

procuredfromhatcherypondstogeneratetheinforma-

tionfortheconsumers.Itisevidentfromtheresults

thatwildfishcontainsmorenumberofvolatileorganic

volatileorganiccompoundsascomparedtofarmed



490　　 水　　生　　生　　物　　学　　报 33卷

fish
[ 8]
.Theirfindingsareinlinewiththeresultsofthe

presentstudy.Ithasbeenrecordedthattheamountof

VOCs slightly increases with increase in body

weigh
[ 9]
.Theyweredocumentedasproductsofoxida-

tionoffattyacidsinthefishfleshjustafterdeathand

declaredasoneofthemajorcauseofoff-flavorinfish.

Flavoriscreatedbyaromaticsubstanceswhicharepro-

ducedfrommassgrowninnature.Aromaticsubstances

withimportantodourandtasteaffectthehumanpalate

withrelish, zestandsense
[ 7]
.Chromatogramsobtained

fromtheanalysisofwildandfarmedCirrhinamrigala

indicatedpresenceofalargenumberofVOCsineven

freshflesh.Theymayaffectnegativelyontheconsum-

ers' preferenceashasbeenfoundinthepresentstud-

y.SoilalsocontainslargenumberofVOCs
[ 10]
.Asthis

fishspeciesisabottomfeederandisexposedtoalmost

allcontaminantswhichrestuponbottomandareab-

sorbedbyplantsthere.Theseplants, crustaceansmay

beconsumedbythisfishspeciesandmaygetaccumu-

latedintheirmuscles.Theseorganicchemicalscause

sensorychangesinfishlinkedwithappearanceandtex-

ture.Itisalsoevidentfromthefindingsthatfreshness

ofthefishcanbedetectedbyVOCspresentinthe

fish.Thesimilarattemptshavebeenmadeinthepres-

entstudyastheinformationintheliteratureisnonex-

istentaboutfishflavour, storingandqualityimprove-

mentsofindigenousIndianmajorcarps.Thesefindings

maybeconsideredastheinitialinformationaboutthese

fishspeciesforconsumersandresearchers.

4　Conclusions

WeextractedfifteenvolatilecompoundsbyLik-

ens-Nickersonconcurrentdistillationapparatusfrom

wildandfarmedCirrhinamrigalaandCyprinuscarpio.

Forthispurpose, fishwerecookedandvolatileswere

collectedintheorganicsolvents.Quantitativeandqual-

itativeestimationwasmadebygaschromatography.

Wildandfarmedfishofdifferentfishsizeswerecom-

paredbythesecompounds(appearingintheformof

peaks), whichwereidentifiedfromtheirretentiontime

bycomparingwiththestandards.Thecompoundswere

hexadecane, 3-octanol, hexanal, pentadecane, 3-hex-

ene-1-ol, 2-undecanone, 2-heptanone, butanal, 2-

nonanone, 1-heptanal, furaldehyde, 3-methyl-1-bu-

tanal, trans-3-hexene-1-ol, octanaland decanal,

whichwerethemajorvolatileorganiccompoundsin

thesespecies.Thesecompoundsvariedqualitatively

andquantitativelyinbothwildandfarmedfishofdif-

ferentweightgroups.Thestatisticalanalysisindicated

thatthereweresignificantdifferencesamongthespe-

cies.Thereweresignificantvariationsamongdifferent

compoundconcentrationswhenwedealtatcompound

level.Theresultsareshowninthetables1-3.Fromour

findingswecanconcludethatthesecompoundsarere-

sponsiblefortheoff-flavorofwildandfarmedCirrhina

mrigala.Further, detailedstudycanexplorethemech-

anismofthesevolatilecompoundsinthespoilageof

CirrhinamrigalaandCyprinuscarpio.

Tab.1　Analysisofvarianceforconcentration(%age)ofvolatilecompoundsfromwildandfarmedCirrhinamrigalaandCyprinuscarpio

ofthreedifferentfishsizes

SourceofVariation DF SS MS F Probability

Species 1 45.31 45.31 1.45 0.23NS

Wild.Farmed 1 0.02 0.02 0.00 0.98NS

Fishsizes 2 26.11 13.06 0.42 0.66NS

Species×Wild.Farmed 1 59.45 59.45 1.90 0.17NS

Species×Fishsize 2 110.21 55.11 1.76 0.17NS

Wild.Farmed×Fishsize 2 51.32 25.66 1.82 0.44NS

Species×Wild.Farmed×Fishsize 2 6.70 3.35 0.11 0.99NS

Error 238 7447.73 31.29

Total 249
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Tab.2　Comparisonofmeansofconcentration(%age)ofvolatilecompoundsfromwildandfarmedCirrhinamrigalaandCyprinuscarpio

ofthreedifferentfishsizes

FishSpecies Fishsize WildConc.±SE FarmedConc.±SE t-value Probability

Cirrhinamrigala W1.F1 4.35±0.86 4.76±1.46 -0.24 0.81NS

Cirrhinamrigala W2.F2 3.78±0.58 4.54±0.75 -0.81 0.43NS

Cirrhinamrigala W3.F3 4.08±0.67 5.95±1.38 -1.21 0.24NS

Cyprinuscarpio W1.F1 6.67±2.26 4.16±1.23 0.97 0.34NS

Cyprinuscarpio W2.F2 7.14±1.97 6.25±2.30 0.30 0.77NS

Cyprinuscarpio W3.F3 3.99±0.82 4.46±1.10 -0.34 0.74NS

Tab.3　Overallcomparisonofmeansofconcentration(%age)forvolatilecompoundsfromwildandfarmedandthreedifferentfishsizes

Variables MeanConc.±SE MeanConc.±SE t-value Probability

Wild.Farmed 4.70±0.45 4.91±0.54 -0.30 0.76NS

W1.F1 7.63±0.72 7.22±0.71 0.41 0.68NS

W2.F2 8.28±0.75 8.21±0.76 0.06 0.95NS

W3.F3 7.89±0.66 7.25±0.58 0.72 0.47NS

　　SE=StandardError;W1 , W2 , W3 =1st, 2ndand3rdWeightCategoriesrespectivelyforwildfish;

F1 , F2 , F3 =1
st, 2ndand3rdWeightCategoriesrespectivelyforfarmedfish
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