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Shelf-lifeofBottledSea-squirtMeat(Halocynthiaroretzi)

ProductsPackedinVegetableOil.

Nam DoChoi

DepartmentofFoodandLifeScience

TheGraduateSchool,PukyongNationalUniversity

Abstract

The sea squirt(Halocynthiaroretzi),is a famous cultured mollusk

consumedasaraw freshmeatorfermentedproductsinKoreaand

Japanwithauniqueflavorandtexture.Freshsea-squirtmeatneedsa

modifiedprocessingandpreservationprocessduetoitsshortshelf-life

from itshighmoisturecontentandproteolyticenzymeactivity.Inthis

study,bottled seasquirtmeatpreparedin vegetableoil(BSMO)to

enhance the consumer acceptability and γ-ray (Co60, l0KGy/h)

irradiation was tried to extend shelf-life withoutheating process.

Responsesurfacemethodologywasusedindetermining theoptimal-

mixing ratio ofBSMO using 5% dehydrated fresh meat.Texture

analysisandnutritionalevaluationwerealsoperformedoncontroland

BSMO.TheVBN (volatilebasicnitrogen)contentandviablecellcount

weredeterminedinordertofindouttheshelf-lifeofirradiatedBSMO

productsduringchilledstorageat4℃ for60days.Theoptimalmixing

formulationwas80gmeatin60mL ofmixedvegetableoil(30mL of
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olive oiland 30mL ofsesame oil)by the trained 10 oftwenties

panelists.Thehighestratedformulation,bytrained9ofpanelistsover

thirties,was80gmeatin60mLmixedvegetableoil(42mLofoliveoil

and18mLofsesameoil).Moisture,ash,andproteincontentsinBSMO

werenotchangedsignificantly(p<0.01)comparedwithcontrol.Itdid

haveahigherlipidcontentduetoaddedvegetableoilonthesurfaceof

BSMO (p<0.01)from 0.84±0.23to2.13±0.61.Theaddedvegetableoil

raised thehardness,springiness,cohesiveness,gumminess,chewiness

andresilienceofBSMO.BSMOproductswereavailableduring50days

ofstorageat4℃ basedonVBN content(BSMO1:27.92±0.96mg/100g,

BSMO2:24.84±1.95mg/100g)andviablecellcount(BSMO1:4.60±0.80

log CFU/mg,BSMO 2:3.65±0.20log CFU/mg)whencomparedwith

standardlevelsofVBN (25.00mg/100g)andviablecellcount(5log

CFU/mg)respectively.ResultsshowedthatirradiatedBSMO products

couldcontributeinexpandingtheprocessedseafoodmarketand raising

thefamiliarityofseafoodtotheyoungergenerations.
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Ⅰ.Introduction

Asincomelevelshavebeenincreased,theprocessedfoodconsumption

trendshavebeenalsochangedfrom ahighertemperaturesterilizedor

preservatives added products to fresh orsemiprepared food using

packagingandstoragingtechniques.Fishmarketisnoexceptiontothis

trendandthemarketvolumeofpreparedorfreshlyprocessedseafood

productshavebeengrowinganditsproductionhasincreased.Asthe

edibleinvertebratesandmolluskssuchasseasquirt,itsmeatstructure

issotenderthatareeasilydamagedmechanicallyand attackedby

microbialorganismsenough todrop thosefreshnessfastand spoils

easilycomparedtootherseafoodmeat.Therefore,itisverydifficultto

manufacturethem forfreshprocessedfood.However,thoseanimalsea

food resource play importantrole as excellentsources ofnutrients

includingprotein,tastecompounds,bio-activesubstance,vitaminsand

minerals(FisheriesEconomicInstitute,2008)

According to phylogenetic systematics,sea squirt having unique

characteristics between vertebrates and invertebrates belongs to

protochordate andurochorda.AsrepresentativeKorean culturedsea

food,theimportanceofseasquirthasbeensoemphasizedasdeveloped

oceanagriculturetechnology andexpandedfarming ground.A lotof

researches and studies on sea squirthave been conducted forthe

chemicalingredientsandtastecomponentsofseasquirt(Leeetal,
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1993),and precusorand production mechanism ofscentcompounds

(FujimotoK etal,1982). However,ahighermoisturecontentinsea

squirtmeat(80% above)canresultitsfreshnessquicklyandbrown

meatdiscolorationbystrongenzymeactivity.Duetothosecomponants

characteristics,itishard tobemanufactured asprocessed food.In

addition,mostofitsharvestingisdonefrom latespringandsummer,

andthusitneedanadvancedresearchandstudiesonnew techniques

forfoodprocessandpreservation.

Moisture content and water activity have a great role in food

freshnessandmicroorganism growth.Ifmoisturecontentofseasquirt

meat could be reduced,those must have lots of advantages in

decreasing freshness and potentials in extending shelf-life.In this

study,weused5% dehydratedseasquirtmeatbyexpressingtechnique,

and added sesame oiland olive oilin order to have a higher

consumer'sacceptabilityandanaerobicconditionforbottledproducts.

The smellofKorean style sesame oil,which is roasted and hot

pressured,is aromatic and shows severe rancidity term (Nam and

Chung,2008)Butsesamolofsolventextractedsesameoiliseffectivein

inhibitingoxidizationoflinolenicacid(LeeandChoe,2008).Itisalso

reported thatsesame oilinhibits automatic oxidization by reducing

radicalchain reaction ofoxygenated radicals (Yoshida and Takagi,

1999).Itisknownthatoliveoiliseffectiveinreducingcholesterollevel

andagainstheartdisease,arteriosclerosisandstomachdisorder(Choi,

2006).

Thus,itcouldbepredictedthatmixedsesameoilandoliveoilwith
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seasquirtmeatwouldbeeffectiveagainstranciditytoimprovestorage

stabilityofseasquirtmeatandreduceinstinctsmellofsuchmeat.

It is basically important to find out the best optimizing and

standardizingmixtureofsuchoilsandseasquirtmeatbasedonthe

consumer'sacceptabilityforthebottledproducts.Forthefirststepof

suchproduct,accuratestatisticalanalysismodelshouldbeappliedto

testplanningmethodforpropermixture(Naesetal,1999;Saguyetal,

1984;Han,2003)andResponseSurfaceMethodology(RSM)may be

usedforthisstepforoptimization.Responsesurfacemethodologywhich

isactuallyusedforthefirststepformixturefoodoptimizationreferred

toan statisticalanalysismethodabouttheresponse-surfaceresulted

from responsevariableswhenindependentvariable(X)interactswith

andinfluencesondependentvariable(Y)(Giovanni,1983;Mudaharet

al,1989).Variablescausingresponseisindependentvariablesorfactors

and variables responding is defendant variables showing certain

responses(Leeetal,2000;Seoetal,1983).Theoutcomesfrom this

responsesurfacemethodologyare:firstly,itcanbeassumedmeaningful

effects and functional relation between independent variables and

dependantvariablessothatitcouldpredictthechangesaccordingto

thevariationofthosevariables;and,secondly,thelevelofindependent

variables could enable the maximum desirable independentvariables

(Cornell, 1990; Ellkaer et al, 1996). Therefore response surface

methodologycanbeusefullyappliedforfoodmixtureoptimizationfor

bottled food production.In particular,in case ofvarious ingredient

mixture,greatinformationcanbegainedwiththeminimum testtrials
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throughpropermixturetestplanning.Manyofresearchesandstudies

weretried on theoptimalmixing ratiousing thisresponsesurface

methodologyarethereportsaboutsteamedwhitericecake(Hongetal,

1999;Kim etal,1999;Leeetal,1999),pinenutporridge(Jangetal,

2003),steamedbunwithredbeanpastefilling(Ohetal,2002),andred

pepperjam (Parketal,2000).Thosereportsweretogaindatafor

optimizationofamountofingredientandcookingcondition.However,

researchandstudiesonnew seafooddesignarenotsufficient.

Seafoodprocessingismadeupwithsuchvariousingredientsthatthe

researchesonthemixingratiooptimizationoftestplanningmustbe

conductedbeforeprocessing.Also,itisveryimportantthattheyshould

focusontheconsumer'stastes(Fishken,1983).

Thus,inthisstudy,centralcompositedesignofmixturetestplanning

was tried to find the best ingredient mixing ratio focusing on

consumer'stastestogainbasicdataforseasquirtmeatproducts.To

developpropermodelforeachgeneration(Prinyawiwatkuletal,1983)

consumer'stasteandevaluationswerecarried on variousperception

aboutvalues,behaviorpatternandtimevalueofeachgeneration(Park

etal,2002).Incaseofseasquirtmeat,mostofyoungergenerationdo

notlikeitbecauseofitsinstinctfishysmellandthusitisurgentfor

ustodevelopproductssuitablefornew generation.

Responsesurfacemethodologyofmixturetestplanningwastriedto

findthebestingredientmixtureratebasedonconsumer'sacceptability.

Inordertogain thebasicdataforimproving nutritionandstorage
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stabilityofoilbasedbottleproductofseasquirtmeat,itisdivided

testers group as group 1 and group 2,and each generation and

conducted consumertastesurvey and textureanalysis.Through the

nutritionalevaluationandstoragestabilitytestofbottledproductsof

seasquirtmeatmadebyoptimalmixingratio,itwascheckedwhether

responsesurfacemethodologycouldbeappliedtoseafoodmixingratio

optimization.
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Ⅱ.MaterialsandMethod

2.1Samplepreparation

 Live sea squirts (155±11g of weight in average) samples were

purchased and exuviated in Namcheon Seafood Market,Busan city.

Alterdelivering seasquirtmeatin cooler(4℃)within 5min from

market,meatsamplesweredehydratedbypressingwithkichentowel

immediately,and prepared vacuumized pack (70g and 80g).Vacuum

packedsampleswerefrozenat-20±5℃ andthosefrozensampleswere

used furtherexperiments.Sterilized bottlesand irradiated frozen sea

squirtmeatsampleswithoutviscerawereusedinpreparingthebottled

productstoextenditsshelf-life.Irradiationwasperformedγ-ray(Co60)

10KGy/hofabsorbeddosebyAdvancedRadiationTechnologyInstitute

inJeongeup,Korea.Sterilizationwasperformedat121℃ for15minutes

usingAutoclave(HB-506-4,HanBaekScientificCo,Korea)

2.2Experimentplanforresposesurfacemethodology

(RSM)

 Responsesurfacemethodology(RSM)wasusedtostudytheeffectsof

threeindependentvariables(Table1).Thethreefactorsareexpressed

usingX1,X2andX3respectively.EffectsofIndependentvariables:[X1]
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ratioofoliveoilandsesameoil,[X2]amountofseasquirtmeat,[X3]

amountofaddedtotaloil(Ryuetal.2004).

2.3Bottledseasquirtmeatinoil(BSMO)

preparation

Various amount of sea quirt meat,complying with the ratios

determinedbythecentralcompositedesignshowedinTable1and2,

weremixedwitholiveoilandsesameoilaccordingtotheratiosin

proportionatetothetotalamount.

2.4Sensoryevaluation

 Sensoryevaluationwascarriedouttooptimizethebestbottledsea

squirtmeat.Thesensory panelistweredivided into two typesfor

group1(10twenties)andgroup2(9overthirties).Evaluationwas9

grademethod(1pointisverybad,5pointisnormal,9pointvery

good),withhedonicscaleofquestionnairetestoncolor,flavor,taste,

texture,overallacceptability.Freshdrinkingwaterwasprovidedwhen

they evaluatethesamples,they hadtorinsethetheirmouth using

water prior to begin other samples evaluation. Because same

surrounding wasdifficultaboutevery evaluation,balancedevaluation

wasperformedbytheblockfortwodays.
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Independent 

variable
Symbol

Coded variable levels

-2 -1 0 1 2

Oilve vs 

Sesame
X₁ 4:6 5:5 7:3 8:2 6:4

Sea 

squirt(g)
X₂ 60 70 80 90 100

Oil(ml) X₃ 40 50 60 70 80

Table 1. Independent variable and their levels for central composite  

design.

X₁: Ratio of oilve oil and Sesame oil   X₂: Amount of sea squirt meat   

X₃: Added total oil
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Exp. no
Variable levels

X₁ X₂ X₃

1 -1 -1 -1

2 0 -1 -1

3 1 -1 -1

4 0 -1 0

5 1 -1 0

6 -1 0 -1

7 -1 0 -1

8 0 0 -1

9 1 0 -1

10 0 0 0

11 1 0 0

12 0 0 1

13 -1 1 -1

14 0 1 -1

15 1 1 -1

16 0 1 0

17 1 1 0

18 0 1 1

19 -2 0 0

20 2 0 0

21 0 -2 0

22 -1 2 0

23 -1 0 -2

24 0 0 2

Table 2. Central composite design arrangement and variable levels.

 

 X₁: Ratio of oilve oil and Sesame oil   X₂: Amount of sea squirt meat   

 X₃: Added total oil
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2.5Nutritionalevaluation

Afterthesensoryevaluation,thebestbottledseasquirtmeatproducts,

raw sea squirtmeats and dehydrated meats was used in every

experiment.

2.5.1Proximatecomposition

Theproximatecomposition wereexperimentedwith raw andfreeze

driedsamplesbyAOAC(1990)procedure.Moisturewasdeterminedby

oven-drying(J-DS4JISICO)at105℃ untilconstantweight.Crudeash

was determined by dry ashing method in muffle furnace (KUKJE

SCIEN HY-8000Sseries).CrudefatwasdeterminedusingtheSoxhlet

solventextractor(VELP SCIENTIFICA SER 148).Crudeproteinwas

determinedbythesemi-microkjeldahlmethodusingKjeldahlapparatus

(GerhardtVapodest30).Thecarbohydratecontentswerecalculatedby

thedifferenceofproximatecomposition,thosewerecalculatedexcept

moisture,crudeash,crudefat,crudeprotein.

2.5.2Wateractivitymeasurement

Wateractivitymeasurementsweretakenforallthesamples,usingthe

wateractivity-measuringequipment(BT-RSI-7557012,Switzerland).
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2.5.3Textureanalysis

 Textureprofileanalysis(TPA)wasperformedusingtextureanalyser

(TA-XT2i,StableMicrosystem,England)accordingtothemethodof

Kim and Lee (1999). Before the testing hardness, fracturability,

adhesiveness,springiness,cohesiveness,gumminess,chewiness and

resilience,seasquirtmeatswerecleanedwithpapertowelandcutinto

2.0× 2.0cm sections.Thesamplewerepressedtwiceat50%,using

3.0cm cylinderprobe(P/3)atatestspeed1.0mm/s(Table4).

2.5.4Volatilebasicnitrogen(VBN)measurement

 Volatile basic nitrogen (VBN)wasmeasuredusing Conway micro

diffusionmethod(KFDA,2002).2g sampleswasaddedto16mlof

distilled waterand 2mlof20% trichloroaceticacid,stirred for2

minutesusingahomogenizerandthenfilterated.Theremaining1mlof

samplewasputintotheouterchamberofaConwaydish1mlof

0.01N H₃BO₃intotheinnerchamberand1mlofsaturatedK₂CO₃

wasquicklypouredintotheoutterchamber.Thensampleweremixed

K₂CO₃intheoutterchamberandleftat37℃ for80minutes.After

the reaction,0.02N HCl was dripped into the dish to take a

measurement.Tochecksavingtimeforsample,VBN wasmeasured

for50days.
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VBN(mg%)= 0.14 × [(Sample titration amount- Blank titration

amount)]×Factor×100/Sample(g)

2.5.5Viablecellcountmeasurement

 

Themethodistomixtheclinicalmaterialwithstandardagarmedium

sothatitiscoagulatedinordertoculturebacteriaandthenaggregate

thenumberofbacteriacolonycounttocalculatetheviablecellcount:

preparemorethantwosterilizedpetri-plates;andthenpour1mloftest

solutionand1mlof10timesdilutedsolutionintoeachofthoseplates;

spray15mlofsterilizedstandardagarmedium,whosetemperaturehas

beenmaintainedin45℃;spinandtiltthoseplatesfrom sidetoside

whilebeingcarefulnottomakethosemedium attachedtotheplate

cover;then,mixwelltheclinicalmaterialwithstandardagarmedium

untilitiscoagulated;then,makethoseplatesupsidedownandculture

bacteria in the 35～37℃ incubator for 24～48 hours;and,lastly,

aggregatethenumberofbacteriacolonycountgenerated(KFDA,2002).

2.5.6Invitrodigestibility

 TheInvitrodigestibilityvaluesofallthesamplesweredeterminedby

theSatterlee(1979)methodwithmodificationbytheAOAC procedure

(AOAC,1982),theprocedureusedfourenzymesmethod.Oduroetal

(2011) tried the three enzyme method,determined the correlation

coefficientbetweentwoassays(R²=0.9955).Theα-chymotrypsin(Sigma
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41units/mgsolid,trypsin(Sigma17,600BAEEunits/mgsolid),protease

(Streptomycesgriceus,Sigma46units/mgsolid)wereusedinthethree

enzymesmethod.Thereferenceprotein usedwasANRC caseinand

digestibilitywascalculatedasfollows:

%Digestibility(threeenzymes)=234.84-22.56xwherexisthepH of

sampleat20minutes

%Digestibility(fourenzymes)=1.03x (threeenzymesdigestibility)-

0.34

2.6Statisticalanalysis

 The sensory evaluation results was performed using Minitab by

Respose Surface Methodology,other data were was performed by

followedDuncan'smultiplerangetestusinganalysisofvariance(one

wayANOVA),expressedasmean±S.D differencesamongtreatments.

Thesignificanceofresultswasat5%,usedwasSPSS(version18.0)
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Mode Measure force in compression

Option TPA

sample size (cm) 2.0×2.0×2.5

Pre-test speed (mm/s) 1.5

test speed (mm/s) 1.0

post-test speed (mm/s) 1.0

distance (%) 50

time (sec) 3.0

trigger type (g) Auto-10g

probe 3.0cm

 Table 3. Operation condition of texture analyzer for sea squirt      

 meat.
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Ⅲ.ResultandDiscussion

1.Sensoryevaluation

1.1.Sensoryevaluationbygroup1panel(10oftwenties)

Sensoryevaluationperformedinthisstudywas9grademethod(1

pointisverybad,5pointisnormal,9pointisverygood),withhedonic

scale ofquestionnaire teston color,flavor,taste,texture,overall

acceptabilityby10oftwenties(group1).

According tothecentralcompositedesign,bottled seasquirtmeat

werepreparedusingquadraticcanonicalpolynomialmodel.Theaverage

scoresofsensoryevaluationonthoseproductswereshowninTable4.

1.1.1Color

Figure1showedsurfaceplotandcontourplotofcolorofbottledsea

squirtmeatbygroup1panel(10oftwenties).Theresponsesurface

regressionequationwasasfollows:

ŷ₁=6.16924+0.03546x₁+0.13016x₂-0.31094x₃-0.00898x12-0.11744x22

-0.46050x₃2+0.02704x₁x₂+0.11034x₁x₃-0.03492x₂x₃

wherey:sensoryevaluationscore,

x₁:ratioofoliveoilandsesameoil,
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x₂:amountofseasquirtmeat,x₃:addedtotaloil

Astheresultofregressionanalysis,R²(coefficientofdetermination)

was0.1105.Andastheresultofthevarianceanalysis,itwasappeared

asignificantdifference(p<0.01)betweentheratioofoliveoiltosesame

oil,and the weightofsea squirtmeatand the totalvolume of

vegetableoil.Thecleardifferenceincolorbetweenoliveoilandsesame

oilpriortomixing withseasquirtmeatresultedasignificantcolor

differencebetweenbottledseasquirtmeatproducts.From resultsof

contourplotandsurfaceplotshowninFigure1,thepanelscoreof

colorwasincreasedwithincreasingtheratioofoliveoil.Thehigher

panelscoreofcolorwerecheckedwhen80or90gofseasquirtsmeat

and50or60mlofvegetableoilusedsamplescouldhaveahigherpanel

scoreofcolorcomparedwithothervolumeofsamples.

1.1.2Flavor

Figure2showedsurfaceplotandcontourplotofflavorofbottledsea

squirtmeatbygroup1panel(10oftwenties).Theresponsesurface

regressionequationasfollows:

ŷ₂=6.86638-0.03615x₁+0.00681x₂-0.26052x₃-0.32265x12-0.34068x22

-0.65342x₃2+0.17480x₁x₂+0.52086x₁x₃-0.19659x₂x₃

wherey:sensoryevaluationscore,

x₁:ratioofoliveoilandsesameoil,

x₂:amountofseasquirtmeat,x₃:addedtotaloil
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Itwasappearedasignificantdifference(p<0.01)betweentheratioof

oliveoiltosesameoil,andtheweightofseasquirtmeatandthetotal

volume ofvegetable oil,and R²(coefficientofdetermination)was

0.2301.RoastedandpressingprocessesadoptedinKoreanstylesesame

oilprocessingresultastrongflavorandthoseflavorcouldchangethe

originalflavorofmaterials mixed with it.Because ofthe reason

mentionedabove,theoriginalseasmellofbottledseasquirtproducts

wasdisappearedastheaddedamountofsesameoilwasincreased.As

theresultofsensory evaluation,thescoreofthetreatmentNo.13

appeared to be the highestvalue(7.2),and the treatmentNo.24

appeared to belowestvalue(3.5).From resultsofcontourplotand

surfaceplotshowninFigure2,thepanelscoreofflavorwasincreased

withincreasingtheratioofsesameoil.Thehigherpanelscoreofflavor

werecheckedwhen80or90gofseasquirtsmeatand50or60mlof

vegetableoilusedsamplescouldhaveahigherpanelscoreofflavor

comparedwithothervolumeofsamples.

1.1.3Taste

Figure3showedsurfaceplotandcontourplotoftasteofbottledsea

squirtmeatbygroup1panel(10oftwenties).Theresponsesurface

regressionequationwasasfollow :

ŷ₃=6.53235+0.08497x₁-0.15056x₂-0.23632x₃-0.19462x12-0.40013x22
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-0.40599x₃2+0.04034x₁x₂+0.36069x₁x₃-0.28778x₂x₃

wherey:sensoryevaluationscore,

x₁:ratioofoliveoilandsesameoil,

x₂:amountofseasquirtmeat,x₃:addedtotaloil

 As the result of regression analysis on taste R² (coefficient of

determination)was0.1105.Andastheresultofthevarianceanalysis,it

wasappearedasignificantdifference(p<0.01)betweentheratioofolive

oiltosesameoil,andtheweightofseasquirtmeatandthetotal

volumeofvegetableoil.UsuallyKoreanstylesesameoilwasfamiliar

with allofKoreangenerationsincluding twenties.Therefore,Korean

style sesame oilcould change the taste ofthe mixture with it

positively.Becauseofthereason mentionedabove,thescoreofthe

treatment No.13 appeared to be the highest value(6.8) and the

treatmentNo.22and24appearedtobethelowestvalue(4.0).From

resultsof contourplotandsurfaceplotshowninFigure3,7:3or5:5

(oliveoil:sesameoil)samples,and80gofseasquirtsmeatand60ml

ofvegetableoilusedsamplescouldhaveahigherpanelscoreoftaste

comparedwithothersamples.

1.1.4Texture

Figure4showedsurfaceplotandcontourplotoftextureofbottled

sea squirtmeatby group 1 panel(10 oftwenties).The response

surfaceregressionequationwasasfollows:
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ŷ₄=6.87258-0.06284x₁-0.06703x₂-0.16299x₃-0.09934x12-0.14193x22

-0.36359x₃2+0.26027x₁x₂+0.48076x₁x₃-0.03351x₂x₃

wherey:sensoryevaluationscore,

x₁:ratioofoliveoilandsesameoil,

x₂:amountofseasquirtmeat,x₃:addedtotaloil

As the resultofregression analysis on texture,R²(coefficientof

determination)was0.0625andastheresultofvarianceanalysis,itwas

appearedasignificantdifference(p<0.01)betweentheratioofoliveoil

tosesameoil,andtheweightofseasquirtmeatandthetotalvolume

ofvegetableoil.Sensoryscoresoftextureiscloselyrelatedwithtaste

andflavor,andthehigherscoreofthoseparametershowedsample

could haveahigherscoresoftexture,respectively.Becauseofthe

reasonmentionedabove,thescoreofthetreatmentNo.23appearedto

bethehighestvalue(7.2)andthetreatmentNo.24appearedtobethe

lowestvalue(4.4).From resultsofcontourplotandsurfaceplotshown

inFigure4,4:6or5:5(oliveoil:sesameoil)samples,and60or70gof

seasquirtsmeatand50or60mlofvegetableoilusedsamplescould

haveahigherpanelscoreoftexturecomparedwithothersamples.

1.1.5Overallacceptability

Figure5showedsurfaceplotandcontourplotofoverallacceptability

ofbottled seasquirtmeatby group 1panel(10oftwenties).The
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responsesurfaceregressionequationwasasfollows:

ŷ₅ =6.49143+0.00332x₁-0.14693x₂-0.18071x₃-0.13760x12-0.38005x22

-0.41915x₃2+0.13668x₁x₂+0.49492x₁x₃-0.27347x₂x₃

wherey:sensoryevaluationscore,

x₁:ratioofoliveoilandsesameoil,

x₂:amountofseasquirtmeat,x₃:addedtotaloil

As the result of regression analysis on overallacceptability,R²

(coefficientofdetermination)was0.1103andastheresultofvariance

analysis,itwasappearedasignificantdifference(p<0.01)betweenthe

ratioofoliveoiltosesameoil,andtheweightofseasquirtmeatand

thetotalvolumeofvegetableoil.ThescoreofthetreatmentNo.13

appearedtobethehighestvalue(6.6)andthetreatmentNo.24appeared

tobethelowestvalue(4.0).From resultsofcontourplotandsurface

plotshowninFigure5,thepanelscoreofoverallacceptabilitywould

beincreasedwithincreasingvolumeofoliveoil.Thehigherpanelscore

ofoverallacceptabilitywerecheckedwhen70or80gofseasquirts

meatand60mlofvegetableoilusedsamplescouldhaveahigherpanel

scoreofoverallacceptabilitycomparedwithothervolumeofsamples.

 Astheresultofvarianceanalysisonthecolor,flavor,texture,taste

and overallacceptability,it was appeared a significant difference

(p<0.01)betweentheratioofoliveoiltosesameoil,andtheweightof

seasquirtmeatandthetotalvolumeofvegetableoil.Thescoreofthe

treatmentNo.13 appeared to be the highestvalue(6.68)and the
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treatmentNo.24appearedtobethelowestvalue(3.8).From resultsof

optimization curve shown in Figure 6,5:5 (olive oil:sesame oil)

samples,and80gofseasquirtsmeatand60mlofvegetableoilused

samplescouldhaveahigherpanelscoreofcolor,flavor,taste,texture,

overallacceptabilitycomparedwithothersamples.

1.2Sensoryevaluationbygroup2panel

(9ofmorethirties)

Sensoryevaluationperformedinthisstudywas9grademethod(1

pointisverybad,5pointisnormal,9pointisverygood),withhedonic

scale ofquestionnaire teston color,flavor,taste,texture,overall

acceptabilityby9ofmorethirties(group2).

According tothecentralcompositedesign,bottled seasquirtmeat

werepreparedusingquadraticcanonicalpolynomialmodel.Theaverage

scoresofsensoryevaluationonthoseproductswereshowninTable5.

1.2.1Color

Figure7showedsurfaceplotandcontourplotofcolorofbottledsea

squirtmeatbygroup2panel(9ofmorethirties).Theresponsesurface

regressionequationwasasfollows:

ŷ₁=8.70619+0.03116x₁+0.17044x₂-0.32860x₃-0.99486x12-0.65409x22

-0.80908x₃2-0.07537x₁x₂-0.19041x₁x₃-0.09533x₂x₃

wherey:sensoryevaluationscore,
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x₁:ratioofoliveoilandsesameoil,

x₂:amountofseasquirtmeat,x₃:addedtotaloil

As the resultofregression analysis on color,R²(coefficientof

determination)was0.4118.Andastheresultofthevarianceanalysis,it

wasappearedasignificantdifference(p<0.01)betweentheratioofolive

oiltosesameoil,andtheweightofseasquirtmeatandthetotal

volume ofvegetable oil.Like the resultofgroup 1 panel(10 of

twenties),thecleardifferenceincolorbetweenoliveoilandsesameoil

prior to mixing with sea squirtmeatresulted a significantcolor

differencebetweenbottledseasquirtmeatproducts.Thescoreofthe

treatmentNo.11and12appearedtobethehighestvalue(7.9)andthe

treatmentNo.19appearedtobethelowestvalue(4.1).From resultsof

contourplotandsurfaceplotshowninFigure7,5:5or7:3(oliveoil:

sesameoil)samples,and70,80and90gofseasquirtsmeat,and50,60

and70mlofvegetableoilusedsamplescouldhaveahigherpanelscore

ofcolorcomparedwithothersamples.

1.2.2Flavor

Figure8showedsurfaceplotandcontourplotofflavorofbottledsea

squirtmeatbygroup2panel(9ofmorethirties).Theresponsesurface

regressionequationwasasfollow :

ŷ₂=6.85385-0.00137x₁+0.05721x₂-0.35602x₃-0.37006x12-0.09867x22
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-0.35597x₃2-0.15935x₁x₂-0.07771x₁x₃+0.18138x₂x₃

wherey:sensoryevaluationscore,

x₁:ratioofoliveoilandsesameoil,

x₂:amountofseasquirtmeat,x₃:addedtotaloil

As the resultofregression analysis on flavor,R²(coefficientof

determination)was0.0657.Andastheresultofthevarianceanalysis,it

wasappearedasignificantdifference(p<0.01)betweentheratioofolive

oiltosesameoil,andtheweightofseasquirtmeatandthetotal

volumeofvegetableoil.ThescoreofthetreatmentNo.2appearedto

bethehighestvalue(7.1)andthetreatmentNo.24appearedtobethe

lowestvalue(4.7).From resultsofcontourplotandsurfaceplotshown

inFigure8,5:5,7:3and8:2(oliveoil:sesameoil)wereshowedthe

highestratioofvegetableoiland60,70and80mlofvegetableoilused

samplescouldhaveahigherpanelscoreofflavorcomparedwithother

samples.Buttheweightseasquirtmeatdidnotresultasignificant

muchdifferencebetweensamples.

1.2.3Taste

Figure9showedsurfaceplotandcontourplotoftasteofbottledsea

squirtmeatbygroup2panel(9ofmorethirties).Theresponsesurface

regressionequationwasasfollows:

ŷ₃=6.80113-0.06053x₁+0.07903x₂-0.43141x₃-0.30525x12-0.10346x22

-0.14984x₃2-0.20013x₁x₂-0.14474x₁x₃+0.15063x₂x₃
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wherey:sensoryevaluationscore,

x₁:ratioofoliveoilandsesameoil,

x₂:amountofseasquirtmeat,x₃:addedtotaloil

As the resultofregression analysis on taste,R²(coefficientof

determination)was0.0364.Andastheresultofthevarianceanalysis,it

wasappearedasignificantdifference(p<0.01)betweentheratioofolive

oiltosesameoil,andtheweightofseasquirtmeatandthetotal

volumeofvegetableoil.ThescoreofthetreatmentNo.2appearedto

bethehighestvalue(7.6)andthetreatmentNo.19appearedtobethe

lowestvalue(5.3).From resultsofcontourplotandsurfaceplotshown

inFigure9,7:3and8:2(oliveoil:sesameoil)samples,and70or80g

ofseasquirtsmeatusedsamplescouldhaveahigherpanelscoreof

tastecomparedwithothersamples.Butthevolumeofvegetableoildid

notresultasignificantmuchdifferencebetweensamples.

1.2.4Texture

Figure10showedsurfaceplotandcontourplotoftextureofbottled

seasquirtmeatbygroup2panel(9ofmorethirties).Theresponse

surfaceregressionequationwasasfollows:

ŷ₄=8.12042-0.05427x₁+0.20185x₂-0.43421x₃-0.62969x12-0.28105x22

-0.31877x₃2-0.06436x₁x₂-0.36023x₁x₃-0.02408x₂x₃

wherey:sensoryevaluationscore,
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x₁:ratioofoliveoilandsesameoil,

x₂:amountofseasquirtmeat,x₃:addedtotaloil

As the resultofregression analysis on texture,R²(coefficientof

determination)was0.2033andastheresultofvarianceanalysis,itwas

appearedasignificantdifference(p<0.01)betweentheratioofoliveoil

tosesameoil,andtheweightofseasquirtmeatandthetotalvolume

ofvegetableoil.ThescoreofthetreatmentNo.15appearedtobethe

highestvalue(8.6)andthetreatmentNo.19appearedtobethelowest

value(5.1).From resultsofcontourplotand surface plotshown in

Figure10,7:3(oliveoil:sesameoil)samples,and80or90gofsea

squirtsmeatand50or60mlofvegetableoilusedsamplescouldgivea

higherpanelscoreoftexturecomparedwithothersamples.

1.2.5Overallacceptability

Figure11showedsurfaceplotandcontourplotofoverallacceptability

ofbottledseasquirtmeatbygroup2panel(9ofmorethirties).The

responsesurfaceregressionequationwasasfollows:

ŷ₅ =7.32344-0.12374x0+0.18147x₂-0.33903x₃-0.38120x12-0.17553x22

-0.21920x₃2-0.01316x₁x₂-0.28103x₁x₃+0.06296x₂x₃

wherey:sensoryevaluationscore,

x₁:ratioofoliveoilandsesameoil,

x₂:amountofseasquirtmeat,x₃:addedtotaloil
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As the resultofregression analysis on overallacceptability,R²

(coefficientofdetermination)was 0.0745.And asthe resultofthe

variance analysis,itwas appeared a significantdifference (p<0.01)

betweentheratioofoliveoiltosesameoil,andtheweightofsea

squirtmeatandthetotalvolumeofvegetableoil.Thescoreofthe

treatment No.15 appeared to be the highest value(7.7) and the

treatmentNo.19appearedtobethelowestvalue(5.4).From resultsof

contourplotand surface plotshown in Figure11,7:3 (oliveoil:

sesameoil),and40or50mlofvegetableoilusedsamplescouldhavea

higherpanelscoreofoverallacceptabilitycomparedwithothersamples.

Butthe amountofsea squirtmeatdid notgive much difference

betweensamples.

 Astheresultofvarianceanalysisonthecolor,flavor,texture,taste

and overallacceptability,it was appeared a significant difference

(p<0.01)betweentheratioofoliveoiltosesameoil,andtheweightof

seasquirtmeatandthetotalvolumeofvegetableoil.Thescoreofthe

treatmentNo.15 appeared to be the highestvalue(7.58)and the

treatmentNo.19 appearedtobethelowestvalue(5.0).From resultsof

optimizationcurveshowninFigure12,7:3(oliveoil:sesameoil),and

80gofseasquirtsmeatand60mlofvegetableoilusedsamplescould

have a higher panelscore ofcolor,flavor,taste,texture,overall

acceptabilitycomparedwithothersamples.
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Exp. 

no

Variable levels Response

X₁ X₂ X₃ Y₁ Y₂ Y₃ Y₄ Y₅

1 -1 -1 -1 5.6 6.5 5.9 7.0 6.4

2 0 -1 -1 5.5 5.7 5.8 6.2 5.4

3 1 -1 -1 5.7 5.0 5.3 5.8 5.1

4 0 -1 0 5.8 6.7 6.7 6.9 6.5

5 1 -1 0 6.0 5.6 6.1 5.8 5.9

6 -1 0 -1 5.6 5.6 6.0 6.7 6.1

7 -1 0 -1 5.7 6.6 5.9 6.8 6.0

8 0 0 -1 6.1 6.2 6.1 6.2 6.0

9 1 0 -1 5.9 5.9 6.3 6.7 6.0

10 0 0 0 6.3 6.3 6.2 6.7 6.2

11 1 0 0 5.9 6.8 6.0 6.7 6.2

12 0 0 1 6.0 6.6 6.4 6.9 6.2

13 -1 1 -1 5.5 7.2 6.8 6.9 7.0

14 0 1 -1 5.9 6.0 5.8 6.1 5.5

15 1 1 -1 6.1 5.8 5.7 6.0 5.7

16 0 1 0 6.4 6.5 5.8 7.0 6.1

17 1 1 0 6.2 6.0 6.0 6.5 5.7

18 0 1 1 5.5 5.8 5.6 6.7 5.8

19 -2 0 0 6.2 5.5 5.6 6.6 5.9

20 2 0 0 6.2 5.5 5.9 6.4 5.9

21 0 -2 0 5.4 5.7 5.2 6.7 5.3

22 -1 2 0 6.0 4.6 4.0 5.4 3.9

23 -1 0 -2 5.8 5.4 6.0 7.2 6.2

24 0 0 2 3.1 3.5 4.0 4.4 4.0

Table 4. Central composite design response by group 1 panel 

(10 of twenties).

X₁: Ratio of oilve oil and Sesame oil   X₂: Amount of sea squirt meat    

X₃: Added total oil  Y₁: Average score of color  Y₂: Average  score of 

flavor   Y₃: Average score of taste  Y₄: Average score of texture    

Y₅ : Average score of overall acceptability  
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Fig. 1. Surface plot and contour plot of color of bottled 

      sea squirt meat by group 1 panel (10 of twenties).
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      Fig. 2. Surface plot and contour plot of flavor of bottled 

      sea squirt meat by group 1 panel (10 of twenties).
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      Fig. 3. Surface plot and contour plot of taste of bottled 

      sea squirt meat by group 1 panel (10 of twenties).
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     Fig. 4. Surface plot and contour plot of texture of bottled 

     sea squirt meat by group 1 panel (10 of twenties).
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Fig. 5. Surface plot and contour plot of overall acceptability 

    of bottled sea squirt meat by group 1 panel (10 of twenties).
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Fig. 6. Optimization curve for the sensory attributes of bottled sea  

 squirt meat by group 1 panel (10 of twenties).
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Exp. 

no

Variable levels Response

X₁ X₂ X₃ Y₁ Y₂ Y₃ Y₄ Y₅

1 -1 -1 -1 7.1 7.0 7.1 8.0 7.6

2 0 -1 -1 7.7 7.1 7.6 7.9 6.9

3 1 -1 -1 7.2 6.8 6.9 7.8 7.2

4 0 -1 0 7.8 6.7 6.2 6.7 7.0

5 1 -1 0 7.2 6.9 6.3 7.1 6.1

6 -1 0 -1 7.7 6.1 6.4 8.0 7.0

7 -1 0 -1 7.7 6.7 7.1 7.8 7.4

8 0 0 -1 7.4 6.6 6.9 7.4 7.1

9 1 0 -1 6.8 6.2 6.7 7.7 7.0

10 0 0 0 7.7 6.3 6.8 8.2 7.2

11 1 0 0 7.9 6.4 6.9 7.6 6.8

12 0 0 1 7.9 6.2 5.9 7.4 7.2

13 -1 1 -1 7.8 6.6 6.8 7.7 6.6

14 0 1 -1 7.6 6.9 6.9 8.1 7.3

15 1 1 -1 8.0 6.7 6.9 8.6 7.7

16 0 1 0 7.6 6.6 6.6 7.8 7.4

17 1 1 0 6.8 5.8 5.6 6.3 5.9

18 0 1 1 7.6 6.6 6.3 7.7 6.7

19 -2 0 0 4.1 5.1 5.3 5.1 5.4

20 2 0 0 4.7 5.4 5.7 5.7 6.0

21 0 -2 0 4.8 5.8 5.8 5.9 5.7

22 -1 2 0 5.4 6.6 7.0 7.1 7.2

23 -1 0 -2 3.8 5.1 6.0 5.8 6.0

24 0 0 2 4.6 4.7 5.4 5.7 5.6

Table 5. Central composite design response by group 2 panel 

 (9 of more thirties).

 X₁: Oilve oil and Sesame oil   X₂: Amount of sea squirt    

 X₃: Added total oil   

 Y₁: Average score of color  Y₂: Average score of flavor   

 Y₃: Average score of taste  Y₄: Average score of texture 

 Y₅ : Average score of overall acceptability  
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     Fig. 7. Surface plot and contour plot of color of bottled 

     sea squirt meat by group 2 panel (9 of over thirties).
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     Fig. 8. Surface plot and contour plot of flavor of bottled 

     sea squirt meat by group 2 panel (9 of over thirties).
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     Fig. 9. Surface plot and contour plot of taste of bottled 

     sea squirt meat by group 2 panel (9 of over thirties).
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     Fig. 10. Surface plot and contour plot of texture of bottled 

     sea squirt meat by group 2 panel (9 of over thirties).
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   Fig. 11. Surface plot and contour plot of overall acceptability 

    of bottled sea squirt meat by group 2 panel (9 of over thirties).
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 Fig. 12. Optimization curve for the sensory attributes of bottled     

 sea squirt meat by group 2 panel  (9 of over thirties).
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2.Nutritionalevaluation ofbottleseasquirtmeat

products

Nutritionalevaluationswerecarried on thebottled seasquirtmeat

productspreparedfollowingtheoptimalrecipesobtainedfrom Figure6

and12(Table6)

2.1.Proximatecomposition

Theproximatecompositionoffreshseasquirtmeat,dehydratedsea

squirtmeat,bottledseasquirtmeatinoil(BSMO 1andBSMO 2)are

presentedinTable7.Theresultsofproximatecompositionofraw sea

squirtmeatwassimilartothatreportedbyNationalFisheriesResearch

andDevelopmentInstitute(NFRDI).A littledifferencewascausedby

thecharacteristicsofmarineproductswhichcanhavealittledifference

easilybythevariousenvironmentalconditionssuchasthetimeofthe

harvest,seasonandtheplaceofharvestofspecimen.Themoisture

contentofraw seaquirtmeatwas88.73%,andthatofthedehydrated

seasquirtmeatwas82.94%.BSMO 1and BSMO 2preparedwith

optimalrecipewereabout75%.Itcouldbeknownthatthemoisture

contentwas decreased by dehydration through pressing and added

vegetableoilcomparedtoraw sample,andthoseledahighercontent

ofothercomponents.Dippingdehydratedseasquirtmeatinvegetable

oilappearedtobeahigherlipidcontentthanraw seasquirtmeatand
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dehydratedseasquirtmeat.Thelipid contentoftheBSMO 1was

1.73% and BSMO 2 was2.13%.Itwasthoughtthatvegetableoil

permeatedseasquirtmeatandthisincreasedlipidcontentofseasquirt

meatitself.Theproteincontentofraw seasquirtmeatis6.04%,and

BSMO 1andBSMO 2had10.04% and10.23% ofproteinrespectively.

Theashcontentwas1.37% in raw seasquirtmeatand2.00% for

BSMO 1and2.13% forBSMO 2respectively.Moisturecontentisthe

mostimportantfactorontheshelf-lifeofalloffoodproduct,especially

inseafoodproducts.Itwasthoughtthatsomelowermoisturecontent

indehydratedseasquirtmeatusedinbottledproductscouldcontribute

inprolongingtheshelf-lifeofBSMO byfreshnessrelatedwithenzyme

activity.

2.2.Wateractivity(AW)

 Thewateractivity (AW)resultsofsamplesshowed nosignificant

differencesasshownin theTable7,ranging from 0.96intheraw

samples to 0.95 in samples.Usually AW 0.9～1.0 is classfied as

water-richfoodsandconsideredtoberangetobacterialgrowthaswell

asotherchemicalreactions.Thisthoughtthatalltheseasquirtmeat

sampleshadaweaknessin storagestability.Thusthey had tobe

preserved to prevent spoilage (Pigott and Tucker, 1990). The

predominantcomponentofseafoodsiswater,andthoselocatedasa

free water which can easily interacted with other ingredientand

enzyme activity and growth ofmicroorganisms.Therefore,the free
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watercontentshouldbeloweredorchangedtotheotherform likeas

bound water.Because those bound water is dependent on water

activity,thelowerwateractivitycouldbeguarantedstoragestability.

2.3Textureproperties

Table8showstexturepropertiesoffreshseasquirtmeat,andbottled

products (BSMO 1,BSMO 2).Thebottled sea squirtmeathigher

values in hardness,springiness,cohesiveness,gumminess,chewiness

andresiliencethanthoseoffreshseasquirtmeat.Becauseofoliveoil

andsesameoilpermeatedintoseasquirtmeatthephysicaldemerits

suchas elasticityandchewinesswereinferiortofreshmeat.

2.4.Volitilebasicnitrogen(VBN)measurement

Determiningthevolatilebasicnitrogen(VBN)contentisthetoolof

investigatingthefreshnessofpreservedsample.Theexperimentwas

progressedtocheckthechangesinthefreshnessandstoragestability

ofthebottledseasquirtmeatproductsduring50daysat4℃.The

experimentwascarriedin10days’intervalandthoseresultsshownin

Table9andFig13.ItcouldbeseenthatVBNcontentsofbothBSMO

1andBSMO2wereincreasedastheperiodofstorageprolonged.The

numericalvalueofVBN ofBSMO 1rapidlyincreaseduntil40daysof

storage,butthoseofBSMO 2rapidlyincreaseduntil30daystorage

andthenreachedmaximum valueafter40dayslongerstorage.Inthe
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evaluationoffreshnessofthefoodbyvolatilebasicnitrogencontent,

though therearedifferencesin thevariety,forthemarineproduct

25mg/100g(Choetal,1985)ormoreisseenastheearlydecomposition

phase.AndbecauseinbothBSMO 1andBSMO 2,thevolatilebasic

nitrogencontentdidnotexceed25mg/100gfor40days,itwasthought

thatthefreshnesswouldbestablebutin50days’timetheBSMO 1

approachedclosely to25mg/100g anditisthoughtthatthroughthe

volatilebasicnitrogencontentsthefoodisincomparativelysafelevel

for50days.

2.5.Viablecellcountmeasurement

Asthemethodofinspectiononthecountofmicroorganism ofBSMO

1andBSMO 2,theresultofviablecellcountisshowninTable10

andFig14.ItcouldbeseeninboththeBSMO1andBSMO2,asthe

preservation period passes,theviablecellcountincreased with the

longerstoraging time until50 days.In BSMO 1,before 10 days

storage,thebacterialcountwascheckedbutincaseofBSMO 2,same

viablecellcountwasnotedat20daysstorage.From theresultsabove,

thehigherratioofoliveoilwasmoreeffectiveinretardinggrowththan

thesesameoil.Thestandardofviablecellcountofmarineproductwas

suggestedtobelessthan5logCFU/mgand(KFDA 2002).BSMO 1

andBSMO 2arethoughttobesafeintermsofmicrobiologyasthe

resultofmeasurementofgeneralbacteriawaslessthan5logCFU/mg.
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2.6.Invitrodigestibility

Protein isa majorcomponentofsea squirtmeatproducts except

moisture.Itshowed50% aboveinproteincontentonthebasesofdried

weight.In thisstudy,thechangeofinvitroproteindigestibility of

BSMO 1andBSMO 2during30daysstorageisshowninFigure15.

Itcouldbeseenthatdigestibility(p<0.05)ofBSMO 1andBSMO 2

weregraduallydecreasedthroughthestorageperiod.Itwasthought

thatproteinsinBSMO productsinteractedwithlipidgraduallyduring

storageduetorancidproductsoflipid.Intheearlyperiodofstorage,

therewasnotanotabledifferenceinproteindigestibilitybetweenboth

samplesbutanotabledifferencewasshowed after20 dayslonger

period.ThedigestibilityofBSMO1ishigherthanthatofBSMO2by

about4%,itisthoughtthattheratioofsesameoilcanhaveinfluence

ondigestibility.
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Oilratio

(sesamioilvs

oliveoil)

Seasquirtmeat

weight

(Halocynthiaroretzi)

Addedtotaloil

volume

BSMO1 5:5 80g 60ml

BSMO2 7:3 80g 60ml

Table 6. Optimizing recipes of bottled sea squirt meat products by   

response surface methodolgy

(Mean±SD)

BSMO1:Bottledseasquirtmeatproductbygroup1panel
(10oftwenties)

BSMO2:Bottledseasquirtmeatproductbygroup2panel
(9ofmorethirties)
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Sea squirt meat
(Halocynthia 

roretzi) *

Dehydrated 
Sea squirt meat

(Halocynthia 
roretzi) *

BSMO 1* BSMO 2*

AW (%) 96.16±0.28 95.5±0.25 95.4±0.2 95.47±0.32

Moisture (%) 88.73±1.62
c

82.94±1.38
b

75.73±0.31
a

75.07±0.57
a

Ash (%) 1.37±0.16
a

(12.16)
2.84±0.16

c

(16.65)
2.00±0.57

b

(8.24)
2.13±0.23

b

(8.54)

Protein (%) 6.04±0.74
a

(53.59)
9.67±0.58

b

(56.68)
10.04±0.50 

b

(41.37)
10.23±0.74

b

(41.03)

Lipid (%) 0.84±0.23
ab

(7.45)
0.54±0.25

a

(3.16)
1.73±0.83

bc

(7.13)
2.13±0.61

c

(8.54)

Carbohydrate 
(%)

3.02
(26.79)

4.01
(23.5)

10.5
(43.26)

10.44
(41.87)

Table 7. Proximate composition of sea squirt meat, dehydrated      

sea squirt meat, BSMO 1 and BSMO 2

%(drybasis)

BSMO1:Bottledseasquirtmeatproductbygroup1(10oftwenties)

sensoryevaluation

BSMO2:Bottledseasquirtmeatproductbygroup2(9ofmorethirties)

sensoryevaluation

a-c
Different letters in column of each sample category show significant

differences(p<0.05)

*Mean±SDofthreedeterminations
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Hardness 
Fractu
ability 

Adhesi
veness

Springi
ness

Cohesi
veness

Gummi
ness

Chewi
ness

Resi
lience

Sea 
squirt 
meat

1019.419 

±74.017

4.363 
±0.40

9

-31.19
8 

±5.557

0.719 
±0.05

4

0.557 
±0.03

6

565.283 
±21.26

5

406.468 
±32.26

9

0.23 
±0.02

2

BS
MO 
1

1135.415 
±84.724

4.213 
±0.56

4

-8.525 
±1.501

0.691 
±0.01

1

0.589 
±0.00

4

668.208 
±44.93

2

461.578 
±31.97

1

0.261 
±0.00

5

BS
MO 
2

1550.369 
±103.53

6

4.23 
±0.16

8

-19.90
6 

±2.369

0.762 
±0.02

2

0.619 
±0.08

9

951.42 
±93.90

8

722.974 
±50.99

7

0.279 
±0.02

9

Table 8. Texture properties of sea squirt meat, BSMO 1 and 

BSMO 2

BSMO1:Bottledseasquirtmeatproductbygroup1(10oftwenties)

sensoryevaluation

BSMO2:Bottledseasquirtmeatproductbygroup2(9ofmorethirties)

sensoryevaluation

*Mean±SDofthreedeterminations
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Storage days BSMO 1 (mg/100g) BSMO 2 (mg/100g)

0 days 7.00 ± 0.50 7.70 ± 1.00

10 days 8.50 ± 0.60 8.70 ± 0.50

20 days 10.13 ± 0.80 10.84 ± 1.44

30 days 13.48 ± 0.49 16.12 ± 0.01

40 days 13.97 ± 0.36 24.44 ± 0.01

50 days 27.92 ± 0.96 24.84 ± 1.95

 Table 9. Change in VBN of BSMO 1 and BSMO 2.

BSMO1:Bottledseasquirtmeatproductbygroup1(10oftwenties)

sensoryevaluation

BSMO2:Bottledseasquirtmeatproductbygroup2(9ofmorethirties)

sensoryevaluation

*Mean±SDofthreedeterminations



- 50 -

         Fig. 13. Change in VBN of BSMO 1 and BSMO 2.

BSMO1:Bottledseasquirtmeatproductbygroup1(10oftwenties)

sensoryevaluation

BSMO2:Bottledseasquirtmeatproductbygroup2(9ofmorethirties)

sensoryevaluation
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Storage days BSMO 1 (log CFU/mg) BSMO 2 (log CFU/mg)

0 days 0 0

10 days 2.65 ± 0.30 0

20 days 3.66 ± 0.40 2.72 ± 0.20

30 days 3.66 ± 0.20 3.20 ± 0.20

40 days 4.09 ± 0.40 3.20 ± 0.40

50 days 4.60 ± 0.80 3.65 ± 0.20

 Table 10. Change in viable cell count of BSMO 1 and BSMO 2.

BSMO1:Bottledseasquirtmeatproductbygroup1(10oftwenties)

sensoryevaluation

BSMO2:Bottledseasquirtmeatproductbygroup2(9ofmorethirties)

sensoryevaluation

*Mean±SDofthreedeterminations
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     Fig. 14. Change in viable cell count of BSMO 1 and BSMO 2.

BSMO1:Bottledseasquirtmeatproductbygroup1(10oftwenties)

sensoryevaluation

BSMO2:Bottledseasquirtmeatproductbygroup2(9ofmorethirties)

sensoryevaluation
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Storage days BSMO 1 (%) BSMO 2 (%)

0 days 78.42 ± 0.32 79.11 ± 0.64

10 days 77.71 ± 0.34 76.80 ± 0.32

20 days 76.23 ± 0.13 74.90 ± 0.37

30 days 73.93 ± 0.13 69.76 ± 0.18

 

Table 11. ChangeininvitrodigestibilityofBSMO 1andBSMO2.

BSMO1:Bottledseasquirtmeatproductbygroup1sensoryevaluation

BSMO2:Bottledseasquirtmeatproductbygroup2sensoryevaluation

*Mean±SDofthreedeterminations
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   Fig. 15. Change in in vitro digestibility of BSMO 1 and BSMO 2.

BSMO1:Bottledseasquirtmeatproductbygroup1(10oftwenties)

sensoryevaluation

BSMO2:Bottledseasquirtmeatproductbygroup2(9ofmorethirties)

sensoryevaluation
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Ⅳ.Conclusion

Thisstudywasperformedtooptimizetherecipeofbottledseasquirt

meatin vegetable(BSMO)ofratio ofvegetableoil(olive oiland

sesameoil).Nutritionalevaluationandthetestofstoragestabilitywere

alsotriedonBSMOpreparedwithoptimalrecipe.

1.Astheresultofsensoryevaluationonthecolor,flavor,texture,taste

andoverallacceptabilitybygroup1panel(10oftwenties)andgroup2

panel(9morethirties),theoptimalratioofbottledseasquirtmeatwas

findout.

-Bottledseasquirtmeatbygroup1panel(10oftwenties)

theratio(X₁)ofoliveoiltosesameoil:5:5,

theamount(X₂)ofseasquirtmeat:80g,

thetotalvolume(X₃)ofvegetableoil:60ml,

-Bottledseasquirtmeatbygroup2panell(9ofmorethirties)

theratio(X₁)ofoliveoiltosesameoil:7:3,

theamountofseasquirtmeat(X₂):80g,

thetotalvolumeofvegetableoil(X₃):60ml

2.Due to added vegetable oilofBSMO,lipid content,hardness,

springiness,cohesiveness,gumminess,chewiness,resiliencewerehigher



- 56 -

thanthoseoffreshseasquirtmeat.Becauseofoliveoilandsesameoil

permeatedintoseasquirtmeat,thephysicaldemeritssuchaselasticity

andchewinesswereinferiortofreshseasquirtmeat.

3.Itwasshowedthatfreshnessandstoragestabilityweremaintained

to50daysbydehydratingprocessandirradiationofseaquirtmeat.

Proteindigestibilitywasgraduallydecreasedduring30daysstorage.

Inspiteofthefactthatseasquirtmeatwasenjoyedasrepresentative

culturedfisheryproduct,duetothemoisturecontentofmore80% and

enzymeactivity,Itwasdifficultthatmanufacturingcharacteristicsof

seasquirtmeat.

Throughthisstudy,itwasexpectedthatshlef-lifeofseasquirtmeat

andsafetyofseasquirtmeatwereextendedbybottledseasquirtmeat

product,andwouldbeenhanceditspotentialsintermsofthevalueof

fishproductionsforitsfoodprocess.Inaddition,itisthoughtthatit

canbetheopportunityfortheadvanceofconsumerawarenessofthe

functionalqualityofseasquirtmeatandopeningofthepossibilityof

planned consumption.And itcould be one foundation which hang

between the food cultures ofgenerations and could be shared the

viewpointsaboutthefoodoneanother.
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