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Recently,soybeanmealbecomesthemost

promisingalternativeofflshmea1(FM)becauseof

itsavailabilityandlowcost.1)Manystudieshave

shownconsiderablesuccessinpartialortotaI

replacementofFMbysoybeanmealandother

plantproductswithorwithoutphytase

supplementation,2'3)whileothersreportedadverse

effbctonweightgainandfbedefficiency.4)Thisis

attributedtothepresenceofseveralanti-nutritional

ねctorsinsoybeanmealandplantproductsthat

maydisturbthedigestiveprocess.5)

ThePaciflcbluefintuna(PBT),7-72z4η ηz48

0r1θη10113isoneofthemostpopular1日shinJapan

becauseofitshighmeatqualityandthepopularity

in`sashimi'and`sushi'markets.Duetoits

world-widegreatdemand,scientistshavebeen

triedtoestablishcompleteaquacultureincaptivity

duringthelastdecadeswithlimitedsuccessuntil

2002,whenresearchersfセomKinkiUniversity,

JapanobtainedthesuccessfUlcompletionofthe

PBTlifbcycleincaptivityfbrthefirsttimeinthe

world.6)Afterwards,aseriesofstudieshavebeen

carriedouttoinvestigatethenutritional

requirementsofPBTatlarvalandjuvenile

stages.7β)Recently,artificialfbrmulateddiethas

beenestablishedfbrPBTjuvenilesusingenzyme

treatedFMasamainproteinsource.9)Howeve「,it

isnecessarytosearchfbralternativeprotein

sourcesduetothepriceandunavailabilityofFM.

AsthegrowthrateofPBTatlarvalandjuvenile

stagesisveryfast,FMmaynotbereplacedby

soybeanmealbecauseoflowerproteinleveland

thepresenceofanti-nutritionalfactors.lo)

However,thisareaneedstobeclarified.

Thisstudywastherefbreinvestigatedwhether

FMcanbereplacedbysoybeanmealwithor

withoutphytasesupplementationillthedietof

PBTjuvenile.

Materi劉ls劉ndMethods

D勉 ρπ召ρorα110η

Fiveisoenergeticdiets(Tablel)were

fbrmulatedasfbllows;FM63.8%(So),FM58.7%

+soybeanmeallO%(Slo) ,FM49.7%+soybean

meal20%(S20),andSloandS20were

supplementedwithphytaseat2000FTU/kgdiet

(Slo+P2000andS20+P2000,respectively).Defatted

enzymetreatedFM(Pro6shS.A.,Santiago,Chile)

andsoybeanmeal(ltochuSh(ji,Tokyo,Japan)

wereusedasmainproteinsources.OneFTUis

definedastheamountofenzymethatgeneratesl

μ一moleofinorganicphosphoruspermin倉oman

excessofsodiumphytateatpH5.5and37°C.For

digestibility,0.5%chromicoxide(Cr203)was

includedasaninertmarker.Thedietswere

pelletedbyalaboratorypelletmachineafter

mixinglOOpartsofingredientswithl5partsoftap

waterAppropriatesizeswereadjustedusingsieves

andwerestoredinafセeezerat-20°Cuntilused.
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Table1.Formulationandproximatecompositionoftestdiets

Inredients(%) O
S Slo Slo+P2000 S20 S20+P2000

Fishmeal63.80

Soybeanmeal-

Salmoneggoil7.54

α一starch8.00

Vitaminmixl5.00

Mineralmix25.00

Soybeanlecithinl.89

Taurine2.00

Feedingstimulants30.50

Cellulose3.89

V而eatgluten2.26

VitaminCO.08

VitaminEO.04

Phytase(FTU/kg)

Proximatecompositions(%dryweightbasis)

Crudeprotein57.l

Crudelipidl5.8

Crudeash7.4

CrudesugerlO.3

Energy(kJ/g)23.O

Phoshorus/kdiet24.7

58.69

10.00

7.54

7.00

5.00

5.00

1.89

2.00

0.50

0.00

2.26

0.08

0.04

57.7

15.6

8.4

11.7

23.4

16.2

58.69

10.00

7.54

7.00

5.00

5.00

1.89

2.00

0.50

0.00

2.26

0.08

0.04

2000

57.2

15.6

7.7

11.9

23.l

l5.8

49.69

20.00

7.54

6.00

5.00

5.00

L89

2.00

0.50

0.00

2.26

0.08

0.04

55.O

l5.0

8.2

12.7

22.5

15.3

49.69

20.00

7.54

6.00

5.00

5.00

1.89

2.00

0.50

0.00

2.26

0.08

0.04

2000

56.l

l5.2

8.O

l3.2

22.9

14.6

lTho
seofHalver(1957)excludingvitaminCandE

2Halver(1957)

3Mixtureofalaninel3
.7,glutamicacid8.5,histidine232.8,lysine44.landinosine-5曾 一

monophosphateNa2200.9mg

Tab且e2.Fattyacidcomposition(%oftotalfattyacid)oftestdiets.Valuesaremean士SE(n=2)

Fattacid O
S Slo Slo+P2000 S20 S20+P2000

Cl4:0

C15:0

CI6:0

Cl7:0

Cl8:0

Σsaturated

Cl6:l

Cl7:l

Cl8:ln-9(OA)

Cl8:ln-7

C20:1

Σmono-saturated

Cl8:2n-6(LA)

C20:4n-6(AA)

C22:5n-6(DPA)

Σn-6

C18:3n-3(LNA)

C20:5n-3(EPA)

C22:6n-3(DHA)

Σn-3

n-3/n-6

DHA/EPA

4.2±0.1

0.6士0.O

l5.2土0.1

0.8土0.0

4.6土0.1

25.4

6.2±0.1

0.5士0.3

16.4土0.l

l.9士0.0

2.2土0.2

27.2

6.6±0.la

l.1±0.0

3.3士0.O

ll.O

L4士0.O

lO.8±0.1

14.1士0.2

26.3

2.4

1.3

4.1±0.3

0.6土0.O

l5.9土1.1

0.8土0.1

5.0士0.4

26.4

6.2土0.5

0.7±0.O

l7.2士1.2

1.3土0.6

2.5土0.2

27.9

8.0土0.6bc

l.2」 ・0.1

3.5土0.3

12.7

15±0.l

ll.2±0.8

15.2士1.2

27.9

2.2

1.4

3.9土0.1

0.6土0.O

l5.2土0.3

0.7土0.0

4.8士0.1

25.2

5.9土0.1

0.7士0.O

l6.3土0.l

l.7土0.l

l.8土0.9

26.4

7.7士0」b

l.4土0.4

3.2土0.l

l2.3

1.3±0.2

10.5土0.l

l4.5士0.5

26.3

2.l

l.4

3.8±0.1

0.6±0.O

l5.3土0.1

0.7士0.0

4.8±0.1

25.2

5.8土0.1

0.7土0.O

l6.4土0.2

1.2士0.6

2.4士0.1

26.5

9.1±0.oc

l.1土0.0

3.2士0.O

l3.4

1.6土0.O

lO.3±0.1

13.9士0.2

25.8

1.9

1.3

3.8±0.1

0.6土0.O

l5.1土0.2

0.7士0.0

4.7土0.1

24.9

5.7士0.2

0.7±0.O

l7.0士0.8

L2士0.4

2.3土0.2

26.9

8.9土0.obc

l.1士0.0

3.2士0.1

13.2

1.6土0.O

lO.4±0.l

l3.8±0.2

25.8

2.O

l.3

Valuesinarowwithdiffbrentlettersaresignificantlydiffbrent(Tukey'stes,P〈0.05)
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FertilizedeggsofPBTwerehatchedoutinthe

FishNurseryCenter,KinkiUniversity,Uragami,

Wakayama,Japan.ThetemperatureandDOwere

maintainedat26.5°Cand7.7mg/1,respectively.

WhenPBTjuvenileswerereachedaroundO.59

bodyweight,each400f玉shwereintroducedintoa

40tcirculartankfbreachdiet.Initialfishwere

alsosampledandkept倉ozenat-80°ICuntil

analysis.Juvenileswerefbdwithtestdietssix

timesdailyatO5:30,08:00,ll:00,14:00,16:00

andl8:00untilapParentsatiationfbrlOdays.

Deadfishineachtankwerecountedandweighed

duringtherearingPeriod.OnlOthdayofrearing

trial,f三shwerefbdwithCr203inclucleddietsfbr

角calcollectiontoinvestigatethedigestibility.All

survivedfishweresampledat2.5hafterfbeding

withCr203includeddiets.Groupsofflshwere

倉ozenat-80°Cfbrproximateanalysisand

remainingfishweredissectedtocollectfbces倉om

theintestinefbrdigestibilityanalysisandtreated

accordingtothemethodsdescribedbyBureaueta1.

11)

Thedataobtainedwereanalyzledfbrweight

gain(%),speciflcgrowthrate(SGR),fbed

conversionefHciency(FCE),conditionねctor(CF),

retentionef石cienciesofprotein,energyand

phosphorus,phosphorusdischargeandapParent

digestibilitycoefficient(ADC).

Samples(diets,flshandfbces)Iwere

analyzedfbrdrymatter,crudeproteinandash

usingstandardmethods.12)Lipidfbrfattyacid(FA)

analysiswasextractedaccordingtoFolchetal.13)

Thefattyacidmethylesterswereanalyzedusing

methanolic2MNaOHsolutionandrnethanolic2M

HClsolutionaccordingtoYoshinakaLandSatoh14)

withagaschromatograph(G-3000;Hitachi,Tokyo,

⑭
Japan)equippedwithanUltraAlloycapillary

column(30mxO.25mmID;FrolltierLaboratories,

Fukushima,Japan)andaflameionizationdetector.

Tricosanoicacidmethylester(Sigma-Aldrich,

USA)wasusedasaninternalstandard.The

columnoventemperaturewasincreased倉oml80

to240°Catarateof4°Cperminandthenthe

temperaturewasmaintainedat240°Cfbr20min.

Thecarriergaswasnitrogen,andsourceand

columnheadpressureat5andlkgf/cm2,

respectively.Thefinaltemperaturesfbrtheinjector

anddetectorwere260and290°C,respectively.

Peakquantiflcationwasperfbrmedwithan

integrator(D-2500;Hitachi,Japan).Phosphorus

contentofdietandfishwholebodywas

determinedusingtheammonium-molybdate

methoddescribedbyBaginskietal.15)afterthe

digestionofsampleswithnitricandperchloricacid.

Grossenergywasanalyzedusinganautomated

oxygenbombcalorimeter(IKA-Werke,Staufbn,

Germany).Chromicoxideinthedietandfbceswas

determinedbyawet-aciddigestionmethod.16)All

chemicalanalyseswereperfbrmedinduplicateand

averaged.

81α1181/oα10η α加 θ8

Allstatisticalanalyseswerecarriedoutusing

theSPSSprogramfbrWndows(v.10.0).For

growthparameters,therewasonlyonevaluefbr

eachtreatment,makingpost-hoctestsimpossible.

However,allchemicalanalysesfbrf三nalwhole

bodyproximatecompositionwereperfbrmedin

duplicate,whichwereconsideredastwocasesper

treatmentfbrthepost-hoctest.Whereverpossible ,

themeanswerecomparedusingTukey'stestof

multiplecomparisonwitha95%signiflcancelevel.

Results
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T紐Me3.Growthperfbrmanceof7乃 〃朋 〃30〃8〃1α118juvenl且efed

withdif琵rentdiets

Parameters 　くS SloSlo+P2(lo(lS2〔}S20+P200{}

Initialbodyweight(g)

Finalbodyweight(g)

Welghtgain(%)

SGR(%)

Feedlntake(g/100gfish'

FCE(%)

CF

Survlvalrate(%)

0.54

4.2

6508

20.6

75

133.4

12

318

0.54

31

4504

17.4

91

110.4

1.1

36.0

054

3.3

4711

18

87

114.9

11

3LO

4

3

4

2

1

6

1

0

価

3

棚

18

10

98

1

53

054

3

3687

173

10.6

946

12

51.3

Alltestdietscontainedsimilarproximate

constituentsexceptphosphorus,whichwas

decreasedgraduallywithincreasinglevelsof

soybeanmealinclusion(Tablel).Therewasno

m句orvariationinfattyacidcontentsamongthe

diets(Table2).

Remarkablereductioninweightgain(%)and

SGRwereobservedwhenFMwasreplaced

partiallybysoybeanmea1,andphytase

supplementationdidnothavegreatimpactonthe

stimulationofbothparameters(Table3).ForlOOg

offishinaday,fbedintakewasincreasedwith

increasinglevelofFMreplacementbysoybean

meal.However,remarkablereductioninFCEwas

observedwhenFMwasreplacedpartiallyby

soybeanmeal,irrespectiveofphytase

supplementation.Survivalwasremarkablehigher

inS20andS20+P2000thanthatofothertreatments.

At2.5haf㌃erfbeding,relativeintestinaldigesta

weightwaslowestinSoandincreasedwith

increasingsoybeanmealsubstitution(Fig.la).FM

replacementresultedinreducedprotein

digestibilityindietsSloandS20;however,phytase

supplementationincreasedthedigestibility

marginallyindietsSloP2000andS20P2000(Fig.lb).

Noremarkablevariationinflnalwholebody

proximatecompositionwasobservedamongthe

treatments(Table4).PartialreplacementofFM

reducedtheretentioneff玉ciencyofproteinand

energy;however,phosphqrusretentionwas

increased(Table4)andresultedinlower

phosphorusdischargesoybeanmealgroups(Fig.

lc).

Therewasnosignificantvariationinfinal

wholebodyfattyacidcompositionamong

treatmentsexceptC20:1,C20:4n-6andCl8:3n-3

contents(Table5).C20:lcontentsinfishfbddiets

Slo,Slo+P2000andS20+P2000weresignificantly

higherthanthatoffishfbddietS20(1)<0.05).Fish

fbddietsSoandS20hadsignificantlyhigherboth

C20:4n-6andCl8:3n-3thanthosefbdwithother

diets(/)<0.05).Thetotalunsaturatedand

mono-saturatedfattyacidsoff玉nalwholebody

wereincreasedremarkablywhereas,totaln-3and

n-6fattyacidsweredecreasedcomparedtothose

ofinitialfish(Table5).

Discussion

Itisacknowledgedthattheexperimental

designwithasingletankfbreachtreatmentmay

beconsideredasaweakpointofthisstudy.

However,thelimitationinsufficientseedling

productionofPBTaswellasenormousdeathdue

totraumacausedbycol】isioninsmalltankl7)have

inducedustosetupthisexperimentaldesignwith

largesizedsingletankfbreachtreatment.

Furthermore,themanagementfbrexperimentwith

largesizedtanksbecomesverydifflcultifmore

replicatesaresetfbreachtreatment.Therefbre,this

studywasdesignedwithalarge40ttankfbreach

treatment.Inaddition,alO-dayrearingperiodmay

notbeconsideredshortatleastfbrPBTjuvenile

rearingasthefinalmeanbodyweightwas6-8

timesbiggerthantheinitialmeanbodyweight.

PreviousstudiesinPBTjuvenileswithlOtol4

daysrearingperiodprovidedreliablegrowth

data.7-9'18)AnotherstudieswithPBTjuveniles

demonstratedthatthedeflciencysyndromesof

vitaminCcouldbeobservedasearlyasfセomthe
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Table4.Wholebodyproximatecompositionandretentionefficiencyinfishunderdif琵renttreatments

Parameters Initial O
S Slo Slo+P2000 S20 S20+P2000

Proximatecompositions(%wetbasis)*

CrudeProtein

CrudeLipid

CrudeAsh

Moisture

Energy(kJ/g)

Retentionefficiency(%)

Protein

Energy

Phoshorus

8.1土0.O

l.1土0.1

3.1土0.1

82.7土0.3

19.1

12.6士0.3

1.7土0.1

2.9土0.2

81.3土0.0

20.3

40.8

23.0

28.1

11.6土0.1

1.9±0.2

3.7±0.4

81.9土0.5

20.5

29.9

19.3

42.1

11.6:LO.7

1.5土0.2

3.2土0.4

81.6士0.l

l9.4

31.3

16.7

47.7

12.9土0.6

2.1士0.1

3.0土0.2

80.7土0.1

20.8

32.6

20.5

46.0

13.3土0.4

2.1土0.1

3.0士0.0

79.8土0.1

20.0

32.2

17.9

44.5

*Valuesaremean士SE(n=2)

Table5.Fattyacidcomposition(%oftotalfattyacid)oftunajuvenilefbdwithdiffbrentdiets.Valuesare

mean±SE(n=2).

Initial
O

S Slo Slo+P2000 S20 S20+P2000

Cl4:0

Cl5:0

Cl6:0

Cl7:0

Cl8:0

Σsaturated

Cl6:l

Cl7:l

Cl8:ln-9(OA)

Cl8:ln-7

C20:1

Σmono-saturated

Cl8:2n-6(LA)

C20:4n-6(AA)

C22:5n-6(DPA)

Σn-6

Cl8:3n-3(LNA)

C20:5n-3(EPA)

C22:6n-3(DHA)

Σn-3

n-3/n-6

DHA/EPA

0.7土0.0

0.3士0.0

24.6土0.4

0.7」 ・0.O

l2.2士0.2

38.5

3.0土0.1

0.4土0.O

l2.7±0.2

2.9士0.2

0.9土0.O

l9.9

2.6」 ・0.1

3.1士0.O

l.3土0.4

7

0.4士0.0

4.4士0.1

24.8士0.9

29.6

4.2

5.6

2.8士LO

O.7土0.1

30.2土3.l

l.3±0.l

l4.0土0.1

49

4.9±0.6

0.7土0.0

22.0±0.0

0.7土0.l

abl
.1土0.7

29.4

1.4士0.6

bl
.3±0.O

l.0土0.4

3.7

2.6土0.8b

l.6士1.0

5.7士1.9

9.9

2.7

3.6

3.5士0.1

0.8士0.0

32.1士0.1

1.4士0.O

l3.7土0.2

51.5

5.2土0.3

0.7士0.O

l8.7土0.8

0.9土0.1

1.8士0.1a

27.3

2.5土0.1

0.7士0.oa

l.0士0.2

4.2

0.3土0.oa

l.5土0.0

5.2士0.7

7

1.7

3.5

3.5士0.0

0.8士0.0

32」 土0.2

1.4土0.O

l3.5土0.1

51.3

5.0士0.2

0.7士0.O

l8.3±0.0

3.2土0.0

1.8±0.oa

29

2.5土0.0

0.7土0.oa

l.0士0.1

4.2

0.3士0.oa

1.7士0.2

5.5土0.2

7.5

1.8

3.2

3.4士0.1

0.8±:0.0

32.6土0.2

1.4±0.O

l4.1土0.4

52.3

5.2土0.1

0.7±0.0

20.4土2.5

2.0士1.8

0.5土0.ob

28.8

2.9士0.O

bl
.4土0.0

0.9士0.3

5.2

1.8土0.ob

l.6土0.1

4.0±0.1

6.7

1.3

2.5

3.3土0.0

0.8士0.0

32.7土0.4

1.3士0.O

l4.0土0.0

52.1

5.1土0.1

0.5士0.2

20.9土2.0

2.0土1.7

2.0土0.oa

30.5

3.0土0.0

0.6士0.la

O.9土0.2

4.5

0.2:LO.la

l.7土0.2

4.2土0.1

5.5

1.2

2.5

Valuesinarowwithdiffヒrentlettersaresignificantlydiffbrent(Tukeystes,P<0.05)
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S20+P2000.Thisisduetosomepeculiar

characteristicsasnoticedduringthecourseofthis

study.Itwasobservedthatthebiggerfishinall

dietswerestartedtodiefirst.Astheweightgains

(%)倉ombothS20andS20+P2000werelower,the

fishbecamesmallerwhichresultedilllower

mortality.However,theplausiblecausebehindthis

remainsobscurewhichneedstobec]larified.

Thelowerproteinretentionefficiencyinfish

色dwithsoybeanmealsupplementeddietsis

attributedtothereductioninproteinldigestibiIityas

discussedearlierInthisstudy,phytase

supplementationinsoybeanmealdietscouldnot

showremarkablestimulationofprotein

digestibility,whichisdisagreedwithotherstudies

wheresignificantimprovementinprotein

digestibilitybyphytasesupplementationhasbeen

reported.3)Moreinterestingresultswereobserved

intheretentionefficiencyanddischargeof

phosphorus.Thehigherphosphorusretention倉om

soybeanmealgroupsmaybeattributedtothe

lowercontentofphosphorusindiets.Although

phosphorusdigestibi】itycouldnotbecalculated

becauseoftheinsufflcientsamples,fishfbdwith

soybeanmealsupplementeddietswithlower

phosphoruscontentsmightbetriedtodigestand

retainitproperlywhich,inturn,resu】ltedinlower

phosphorusdischarge.Thelowerphclsphorus

dischargefセomsoybeanmealsupplementeddiets

mightbeconsideredapositivesideasreducing

phosphorusdischargeisacriticalfactorin

reducingenvironmentalpollutionf㌃omcommercial

Hshproduction.Similarresultsoflower

phosphorusdischargeduetoFMreplacementwere

alsoreportedinotherstudies.3)

Finalwholebodyfattyacidcomposition

showedhigherdepositionofsaturatedand

mono-saturated,andlowerdepositionofn-6and

n-3speciallyDHAinalldiets.Theseresultsarein

contrastwithpreviousstudies7'8う18);however,the

Plausiblecausebehindthisisnotclear.Further

investigationsarerequiredtoclarifythisarea.

lnconclusion,theremarkablereductionin

growthperfbrmanceintermsofweightgain(%),

SGRandFCEsuggeststhatevenlO%fishmeal

alsocannotberep】acedbysoybeanmealindietsof

PBTjuvenileatleastwiththedietaryfbrmulaused

here.However,iftheemphasisisgivenonsurvival

rateandminimumphosphorusdischargetothe

environment,about20%soybeanmealcanbe

includedinjuvenilePBTdiets.F田 寸herstudiesare

necessarytoc】arifンwhetherotherproteinsources

canbeusedtoreplaceFM.Itisimportantto

investigatewhetherthemanipulationofother

ingredientslevelssuchasvitaminandmineral

mixturescanprovidefUrtheropportunitytoreplace

FMbysoybeanmea1.
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