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ThehighmeatquahtyofPacif了cblueflntuna

(PBT),7物 朔 η㍑∫orleη1α 〃3hasbeenrewardedthis

speciesasoneofthemostprefbrableflshinthe

world.Recently,thisspeciesisnotclnlyfamousin

theらsushiうand`sashimi'marketinJapanbutalso

inothercountriesintheworld.Therefbre,the

demandfbrPBTisgraduallyincreaseddaybyday.

Tocopewiththedemand,capture-blasedcultureof

PBThasincreasedsharplythroughouttheworld

overashortperiodusingnetcage(Nakahara

2004).1)Thispracticehasbeencreatedgreat

pressureonthenaturalresourcesandthreatened

thePBTtobecomeanendangeredspecies.

Therefbre,researchers倉omtheFisheries

LaboratoriesofKinkiUniversity,Japanhavebeen

triedtoestablishcompleteaquacultureincaptivity

duringthelastdecadesandfinallyreachedingoal

fbrthefirsttimeintheworldin2002.2)Aflerwards,

aseriesofstudieshavebeencarriedoutto

investigatethenutritionalrequirementsofPBTat

larvalandjuvenilestages.3幽9)Recently,artiflcial

fbrmulateddiethasbeenestablishedfbrPBT

juvenilesusingenzymetreatedfishmeal(EFM)as

mainproteinsource.10」1)TheEFMwasusedinan

attempttoprovideeasilydigestibleproteinfbrfast

growingPBTjuveniles.However,thisEFMisvery

expensiveandnotavailablefbrindustrialculture

ofPBT.Inotherspecies,alternativeprotein

soしlrceshavebeenstudiedintensivelyduringthe

lastfbwdecadesbecauseoftheunavailabilityand

highcostofflshmeal,andalsoinanattemptto

fbrmulatedietswhichminimizephosphorus

excretion.12」3)Therefbre,itisnecessarytosortout

thealternativedietaryproteinsourcefbrPBT

juvenilesalso.

Astheglobalproductionofsoybeanmeal(SM)

hascontinuedtoincreaseoverthelastfbwdecades,

itbecamethemostpromisingalternateprotein

sourcefbrflshfbedsintermsoffuture

availability.12)SMhasf陀quentlybeenassessedas

aninfbriorproteinsourcetofishmeal,citing

adverseeffbctongrowthperfbrmanceinsome

species.14-17)Whereas,ithasbeenusedtoreplace

fishmealproteinpartiallyorfullywithno

subsequentdecreaseinweightgaininothers.18'23)

Moreover,theef免ctofSMevenvariesdepending

onproductionlots.AsEFMisreportedtobe

effbctivefbrPBTgrowthperfbrmance,itisalso

necessarytoinvestigatetheeffbctofenzyme

treatedsoybeanmea1(ESM)ontllegrowth

perfbrmanceofthisspecies.9-11)

Themainobjectiveofthisstudyisto

investigatewhetherthecostlyandlessavailable

EFMcanbepartiallyreplacedbyESMornormal

SM.

Materi劉lsandmethods

EΨ θ1ゴ〃1e脚 〃 燃

Dietaryfbrmulaandproximatecompositionof

testdietsaregiveninTablel.TheEFM(Profish

S.A,Santiago,Chile),ESM(ChubuFeedCo.Ltd.,
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Osaka,Japan)andnormalSM(ChubuFeedCo.

Ltd.Osaka,Japan)wereusedasproteinsources.In

thisstudy,EFMwasdefattedusingn-hexaneata

ratioofl:3(w/v)toestablishthepracticaldietfbr

PBTjuveniles.However,otherproteinsources

werenotdefatted,asitwasaimedtoinvestigate

theutilityofthecommercialproductsofbothESM

andSM.Fivedietswereprepared:EFM62.13%

(EFM,control),EFM56.13%+ESM10%

(ESMlo),EFM46.13%+ESM20%(ESM20),

EFM56.13%+SM10%(SMlo)andEFM46.13%

+SM20%(SM20).Salmoneggoilandfishoil

wereusedaslipidsources.Previousstudy

(unpublished)revealedthatPBThashigher

vitaminCrequirementthantheIevelincludedin

thefbrmulabyHalver24).Therefbre,wehave

includedvitaminmixturestwotimesthatof

Halver,24)exceptvitaminC.

L-Ascorbyl-2-monophosphatemagnesiumsalt,

APM(46.46%vitaminCactMty;ShowaDenkoK.

K.,Tokyo,Japan)wasincludedatL200ppmasa

stablevitaminCderivative.Oncemoistpellets

werepreparedusingalaboratorypelletmachine,

appropriatesizeswereadjustedusingsievesand

werestoredinafセeezerat-20°Cuntilused.

F紘 θΨ θr'〃2θη1α14θ819η αη450〃2ρ 〃η9

NaturalIyspawnedfbrtilizedeggswere

obtainedfセomtheFishNurseryCenter,Kinki

University,Oshima,Wakayama.Theeggswere

rearedintheFishNurseryCenter,KinkiUniversity,

Uragami,Wakayamaandculturedunti127day

afterhatch(DAH).Befbretransfbrringtothe

experimentaltanks,PBTwerestartedtofbedthe

倉)rmulateddiettogetherwithhatchedlarvaeof

stripedknifbjawfセom22DAH.On28DAH,276

juvenileswithaninitialbodyweightofO・389

wererandomlydistributedintoeachofduplicate

15m3tanksfbreachtreatment.Initialfishwere

alsosampledandkeptf¥ozenat-20and-80°C

untilanalysis.Testdietswerefbdtofish6times

daily(5:30,8:00,11:00,14:00,1600andl8:00)

uptoapparentsatietyfbrl2days.Thetankswere

川uminatedfbr24handflowrateoffiltered

seawaterineachtankwas301/min.Aclock-wise

watercirculationwascreatedinsidethetank.

Bottomcleaningwasperfbrmedtwotimesaday

(10:00and16:00),anddeadfishwereco】lected

andweighed.ThemeanwatertemperatureandDO

were26.8士0.1°Cand6.5土0.4mg/1,respectively.

Attheendoftherearingtrial,30flshf¥om

eachtankwererandomlyselectedtomeasure

lengthandweight.Tenfishfセomeachtankwere

keptunder-20°Cfbrcarcassproximateanalysis

andanotherlOflshwerestoredat-80°Cfbrf合tty

acid(FA)analysis.Fivefish倉omeachtankwere

dissectedtoweighviscera,liver,stomachand

intestine.Liverwastakenoutfセomanother20fish

andstoredat-80°Cfbrhepaticaspartate

aminotransfbrase(GOT)andalanine

aminotransfbrase(GPT)activitiesanalyses.The

remainingHshwerestoredat-80°C.Weightgain

(%),specificgrowthrate(SGR),dailyfbedingrate,

fbedconversionef石ciency(FCE),conditionfactor

(CF),viscerosomaticindex(VSI),hepatosomatic

index(HSI),stomatosomaticindex(SSI),

intestosomaticindex(ISI),proteinretention

ef石ciency(PRE),lipidretentionefflciency(LRE),

phosphorousretentionefficiencyandphosphorous

dischargewerecalculatedbythefbllowing

fbrmula.

Weightgain(%)=100×(averageweightgain/

averageinitialbodyweight),whereaverageweight

gain={(flnaltotalweight+sampledflshweight)

-initialtotalweight}/averageofinitialandflnal

numberofflsh
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Table1. Feedfbrmulationandproxirnatecomposition(gkg-ldrydiet)

Ingredients EFM ESMlo ESM20 SMlo SM20

Enzymetreatedfishmeal

Enzymetreatedsoybeanmeal

Soybeanmeal

Salmoneggoil

Fishoil

α一starch

Vitaminmixture*

Mineralmixturel

Soybeanlecithin

Taurine

Feedingstimulants

Cellulose

Wheatgluten

-1
Proximatecomposition(gkg

Crudeprotein

Crudelipid

Sugar

Crudeash

Phoshorousk幽ldiet

621.3

40

40

80

50

50

14.3

20

5

56.8

22.6

drydiet)

552.O

l57.0

125.0

81.0

23.7

561.3

100

40

40

80

50

50

14.3

20

5

16.7

22.7

555.0

166.O

l34.0

87.O

l9.5

461.3

200

40

40

80

50

50

14.3

20

5

16.7

22.7

542.O

l57.0

157.0

88.O

l8.7

561.3

100

40

40

80

50

50

14.3

20

5

16.7

22.7

535.O

l53.O

l37.0

83.0

19.2

461.3

200

40

40

80

50

50

14.3

20

5

16.7

22.7

522.O

l66.O

l67.0

88.O

l8.8

*Componentsingkg-1diet:thiamine-hydrochlorideO
.12,riboflavinO.4,pyridoxinhydrochlorideO.08,nicotininc

acidl.6,calciumpantothenateO.56,inositol8.0,biotinO.Ol2,fblicacidO.03,p-aminobenzoicacidO.8,choline

chloridel6.0,α 一tocophero10.8,menadioneO.08,activated7-de-hydrocholesteroiO.0001,cyanocobalaminO.001

retinolO.Ol376andL-Ascorby1-2-mono-phosphatemagnesiumsalt,APMl.2(vitamicCderivative,46.46%

vitaminCactivity;ShowaDenkoK.K.,Tokyo,Japan)

lHalver(1957)

Tab且e2.Fattyacidcomposition(%c・ftotalfattyacid)oftestdiets

Fattyacid EFM ESMlO ESM20 SM10 SM20

Cl4:0

C15:0

Cl6:0

C17:0

Cl8:0

Cl6:1

Cl7:l

Cl8:ln-9(OA)

Cl8:ln-7

C20:l

Cl8:2n-6(LA)

C20:4n-6(AA)

C22:5n-6(DPA)

Cl8:3n-3(LNA)

C20:5n-3(EPA)

C22:6n-3DHA

4.0土0.2

0.7士0.O

l5.0士0.2

0.9士0.1

4.3:LO.1

5.2士0.1

0.5士0.3

15.6±0.2

2.9士0.1

2.0±0.1

7.6土0.l

L2土0.0

3.2士0.1

1.3」 ・0.0

11.2士0.1

16.7土0.5

4.0圭0.3

0.9士0.1

17.2土0.9

1.0土0.2

5.2士0.6

5.8」 ・0.2

0.7士0.1

16.5土0.5

1.7士0.1

1.9土0.3

7.8士0.5

1.4±0.3

3.2土0.2

1.5土0.2

12.5士0.6

135土2.2

4.2±0.4

0.6±0.O

l7.7士0.7

1.2士0.1

4.7士0.3

5.7土0.5

0.7土0.0

17.0土0.9

1.9土0.4

2.3±0.3

8.2±0.6

1.1土0.1

3.2土0.3

L6±0.l

l2.4土0.1

13.3:Ll.8

4.1土0.3

0.9士0.O

l7.8土1.O

l.4士0.1

5.1±0.3

6.1士0.4

0.7土0.1

17.4土1.3

1.2±0.3

2.4±0.2

7.9±0.7

1.2±0.1

3.4土0.4

1.5士0.2

12.6士0.9

13.7士2.4

3.9士0.2

0.7士0.0

18.3・ 圭0.7

0.7土0.1

4.9土0.2

5.9土0.2

0.8土0.1

16.9±0.5

1.7±0.5

2.4士0.3

8.1±0.4

1.1±0.1

3.3士0.1

1.6±0.1

12.3土0.4

13.4土2.2

Valuesaremean士SE(n=2).Meansinarowwithdiffbrentlettersaresigni行cantly

di備rent(Tukeyサstest,1)<0.05).
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SGR(%)=100×(1nW2-1nWl)/time(days),

where,WlandW2denotestheinitialand石nal

weight(9),respectively.

Dailyfbedingrate(%)=100×totalfbedintake(g)

/{rearingPeriod(day)×averageofinitialand

Hnalflshnumber×averageofinitialandflnalflsh

weight}

FCE(%)=100×[wetweightgain(g)/dryfbed

intake(9)].

CF二100×(W/L3),whereW=wetbodyweight

(g)andL=fbrklength(cm).

VSI(%)=100×[wetweightofvisceralorgans

andassociatedfattissue(g)/wetbodyweight(g)]

HSI(%)=100×[wetweightofliver(g)/wet

bodyweight(g)]

SSI(%)=iOO×[wetweightofstomach(g)/wet

bodyweight(g)]

ISI(%)=100×[wetweightofintestineincluding

pyloriccecae(g)/wetbodyweight(g)]

PRE,LREandphosphorousretentionef石ciency

(%)=100x[(finalwholebodyprotein,lipidor

phosphorous-initialwholebodyprotein,1ipidor

phosphorous)/totalprotein,1ipidorphosphorous

intake

Phosphorousdischarge(gP/kgweightgain)=

(phosphorousintake-phosphorousdeposited)/kg

weightgain

C加 厩cα10ηo加 ∫3

Proximatecompositionoftestdietsandwhole

bodywereanalyzedbythestandardAOAC

method.25)Crudeproteincontentwasdetermined

usingmicro-Kjeldah1,crudelipidbySoxhlet

extractionwithdiethylether,moisturecontentbya

dryoven(110°Cfbr24hrs)andashcontentbya

mufflefUrnace(600°Cfbr24hrs).Dietarysugar

wasmeasuredbythepheno1-sulfUricacidmethod.

GOTandGPTactivitieswereanalyzedusing

supernatantaftercentrifUgationofhepatic

homogenatewithdeionizedwaterbycommercially

availablekits(WakoPureChemicalInd.Ltd.,

Osaka,Japan).

LipidfbrFAanalysiswasextractedaccording

toFolcheta1.26)Thef註ttyacidmethylesterswere

analyzedusingMHCIsolutionaccordingto

YoshinakaandSatoh27)withagaschromatograph

(G-3000;Hitachi,Tokyo,Japan)equippedwithan

UltraAlloy⑱capillarycoiumn(30mxO.25mm

lD;FrontierLaboratories,Fukushima,Japan)anda

nameionizationdetector.Tricosanoicacidmethyl

ester(Sigma-Aldrich,USA)wasusedasan

internalstandard.Thecolumnoventemperature

wasincreased倉oml80°Cto240°Catarateof

4°C/minandthenthetemperaturewasmaintained

at240°Cfbr20min.Thecarriergaswasnitrogen,

andsourceandcolumnheadpressureat5andl

kgf/cm2,respectively.Theflnaltemperaturefbrthe

injectoranddetectorwere260°Cand290°C,

respectively.Peakquantiflcationwasperfbrmed

withanintegrator(D-2500;Hitachi,Japan).

810113'た010ηo加 ∫5

Allstatisticalanalyseswerecarriedoutusing

theSPSSprogramlbrWindows(v.12.0,Chicago,

IL,USA).Datawereexpressedasthemean土SEof

tworeplicates.Wheresig涌cantdif驚renceswere

fbund,themeansamongtreatmentswere

comparedusingTukeyうstestofmultiple

comparisonwitha95%leve】ofsignificance.

Results

Althoughtherewerenosignificantdiffbrences

inFAcompositionsamongthediets,totalsaturated

FAlevelsinESMandSMgroupswereremarkable

higherthanthecontrolgroup(Table2).
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Tab且e3.Growtherfbrmanceandrelativeoranweihtof行shfむdwithdiffヒrentdiets

EFM ESMlo ESM20 SMlo SM20

Initialweight(9)

Finalweight(9)

Weightgain(%)

SGR(%)

Dailyfむedingrate(%)

FCE(%)

CF

Survivalrate(%)

0.380.380.380.380.38

7.2土1.9a5.6士1.lbc4.6±1.Oc7.2±1.7a6.6±1.6ab

l672.6a1243.4bc976.2cl566.4al369.Oab

l3.7土0.513.1土0.112.6土0.3135土0.413.1士0.I

l1.9土0.1a13.4土0.2bl5.2±0.2cl3.2土03bl3.4土0.1b

135.8土4.1a121.7土2.2b103.0土0.9c1285土2.4ab120.8土0.3b

L7土0.01.7土0.OL7士0.11.7±0.OL7:LO.0

69.2ヨ:3.165.2士4.265.6土5.170」 ±6.163.3±3.0

Relativeorganweight(%)

VSI8.7士 α9a10.1±1.3c

HSI2.3士0.3b2.9士0.6c

SSI1.4士0.31.5士0.3

1SI5.3土0.75.6圭0.8

10.6士2.4d9.0士0.9ab

3.1±0.8c

1.6士0.4

6.0士1.5

1.9士0.4a

L4±0.3

5.4土0,6

9.4土1.2b

2.0±0.4ab

15士0.3

5.8士0.9

Valuesaremean土SE(n=2).Meansinarowwithdiff巳rentsuperscriptsaresignificantlydif驚rent(P<0.05).

Tab璽e4.ProximatecomositioliverGOTandGPandretentionefficiencinnshfbdwithdif琵rentdiets

Initial EFM ESMIo ESM20 SMIo SM20

Proximatecomposition(gkg-1盒sh)

Moisture807士4

Crudeprotein133土1

Crudelipid16士1

Ash29士l

Liver

GOTIUlOOg口1bodyweight

GPTIUiOOg"1bodyweight

Retentionef石ciency(%)

PRE

LRE

Phoshorus

791土6

151土4

13土2

31±5

785土5

154士3

18土3

28±1

794土3

154土3

15土2

28士3

798土6

153±l

l5±1

28±2

794士4

158±2

15土3

28士2

48.8±5.3a61.1±3.9ab60.6士10.4ab56.7± ・4.5ab68.7士II.6b

4.1土1.2a7.6±2.OabIO.6±3.6bc7.8土L5ab15 .8土4.1c

37.2士1.2a34.3土0.1a29.7±0.2b37.0・ 土0.9a37.0±0.1a

11.3士1.413.5士2.610.1士0.512.3士0.610.7士3.0

27.7士0.6b30.7士0.4a26.8士0.8b33.2士1.la31.9±0.la

Valuesaremean±SE(n=2).Valuesinarowwithdiffヒrentsuperscriptsaresignificantlydiff6rent(P<0 .05).

Table5.Fattacidcomosition%oftotalfattacidoftuna'uvenilefむdwithdiffbrentdiets

Initial EFM ESM10 ESM20 SMIO SM20

C14:0

C15:0

Cl6:0

Cl7:0

C18:0

Cl6:l

Cl7:l

Cl8:ln-9(OA)

C18:in-7

C20:l

Cl8:2n-6(LA)

C20:4n-6(AA)

C22:5n-6(DPA)

C18:3n-3(LNA)

C20:5n-3(EPA)

C22:6n-3DHA

0.7士0.0

0.3±0.0

24.6±0.4

0.7土0.O

l2.2土0.2

3.0土0.1

0.4士0.0

12.7土0.2

2.9士0.2

0.9土0.0

2.6±0.1

3.1士0.0

1.8士1).4

0.4士1).0

6.4土Cl.1

22.8±0.9

2.7土0.7

0.6±0.1

20.2±5.l

l.2士0.1

14.0±0.5

3.8±0.5

0.7±0.1

14.0土1.2

2.7土0.3

1.4土0.5

3.4±0.6

2.3士0.3

3.0±0.4

1.6士0.8

7.6土1」

18.7士1.9

3.0土0.2

0.8土0.1

2Ll」:4.3

1.4±0.2

13.5:i:0.8

4.0±0.3

0.7土0.I

l5.8:i:2.0

3.2土0.5

1.3土0.7

3.5士0.4

2.7士0.4

3.0±0.3

1.3士0.5

7.7±1.2

14.9士2.2

3.3±0.6

0.8士0.2

20.7土4.4

1.3土0.1

14.0」:0.8

4.8土0.2

0.6土0.2

16.4土2.9

3.0土1.7

L8土0.5

3.0士0.6

2.6士0.5

2.9士0.2

1.2±0.4

7.7土0.9

14.2土3.1

3.2±0.2

0.8土0.1

21.1士4.4

L4±0.1

13.7±0.7

4.1±0.3

0.7±0.1

15.6土0.9

2.9士0.3

1.8± ・0.4

3.5士0.3

2.7±0.8

2.9±0.2

1.3±0.2

8.5士0.9

14.2士L9

3.4土0.5

0.8±0.2

21.6士5.2

1.4士0.1

14.3士0.5

4.2±0.6

0.7土0.1

16.4士3.5

2.7士1.2

L5土0.4

2.9±0.3

2.4±0.7

2.9士0.4

1.3士0.4

8.1士1.7

14.0士2.0

Values(mean土SE,n=2)inarowwithdiffヒrentlettersaresignificantlydiffbrent(Tukey'stest
,P〈0.05)
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Docosahexaenoicacid(DHA)contentwas

higherincontrolgroupthanotherdiets,givinga

higherDHA/EPAratio.Therewasnosignif三cant

diffbrenceinmeanflnalbodyweightamong

juvenilesfbddietsEFM,SMIoandSM20,although

thevaluesinthosedietsweresignificantlyhigher

thanthatofdietESM20(P<0.05,Table3).Similar

patternwasalsoobservedinweightgain(%).The

dailyfbedingratewassigniflcantlyhigherindiet

ESM20fbllowedbyESMlo,SM20,SMloandEFM.

Incontrast,FCEwassignificantlyhigherindiet

EFMfbllowedbySMIo,ESMlo,SM20andESM20.

TherewerenosignificantdiffbrencesinSGR,CF

andsurvivalrateamongthetreatments(P>0.05).

VSIwassigni負cantlyhigherindietsESM20and

ESMlothanthatofotherdiets,andsimilarpattern

wasalsoobservedinHSI.Therewereno

significantdiffbrencesinSSIandISIamongthe

treatments.

Carcassproximatecomposition,1iverGOTand

GPTactivities,andretentionefficienciesofprotein,

HpidandphosphorusarepresentedinTable4・

Therewasnosignificantdiffbrenceinfinalwhole

bodyproximatecompositionamongthetreatments.

GOTactivitywassignificantlyhigherindietSM20

thanthatofEFM.However,therewasno

significantdiffbrenceamongotherdiets.GPT

activitywasalsoshowedsimilarpatternasofGOT

withlittleexception.PREwassignificantlylower

inESM20thanothertreatments.Therewasno

significantvariationinLREamongthetreatments.

Phosphorusretentionefficiencywassignificantly

higherinjuvenilesfbdvariationinLREamongthe

treatments.Phosphorusretentionefflciencywas

significantlyhigherinjuvenilesfbddietsSMlo,

SM20andESMlothanthatofEFMandESM20

(P<0.05).Incontrast,phosphorousdischargewas

significantlylowerinjuvenilesfbdthefbrmerdiets

thanthelaterdiets(、P<0.05,Fig.1).

CarcassFAcompositionofPBTjuvenilesis

giveninTable5.DietaryFAprofllehaswe11

reflectedincarcassFAcomposition.Althoughlittle

bithighertotalsaturatedandmono-saturatedFA,

andlowertotaln-3highlyunsaturatedfattyacid

(HUFA)wereobservedinESMandSMgroups,

therewerenosigniflcantdiffbrencesamongthe

dietarytreatments.

20

16

12

8

4

0

P-discharge(gPkg-1weightgain)

EFMESM10ESM20SM10SM20

Fig.1.PhosphorusdischargeinPBTjuvenilesfbd
withdiffbrentdiets(n=2).Barswithdiffbrent
lettersaresignificantlydiffbrent(1)<0.05).

Discussion

Inthisstudy,theflnalmeanbodyweightwas

lO-17timesbiggerthantheinitialmeanbody

weightonlyinl2days,whichindicatesthatthe

perceptionfbralldietsbyPBTjuvenileswasgood

andal2-dayrearingperiodmaynotbeconsidered

shortatleastfbrPBTjuvenilerearing.Previous

studiesinPBTjuvenileswithlOto14daysrearing

peri・dpr・videdreliablegr・wthdata.3'11)An・ther

studieswithPBTjuvenilesdemonstratedthatthe

deficiencysyndromesofvitaminCcouldbe

observedasearlyas倉omthe5thdayofexperiment
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(unpublished),whichsuggeststhatthedietary

effbctcanbeachievedwithinshortperiodinPBT

juveniles.Therefbre,therearingPeriodusedinthis

studymaybeconsideredassufficiellttoget

reliabledata.

Thelackofsigniflcantvariationinmostofthe

growthparametersamongdietsEFM,SMloand

SM20suggeststhat20%SMcanbesupplemented

(around26%EFMreplacement)indietofPBT

juvenileswithoutm句oradverseconsequences.Ji

etaL9)rep・ 貫edbettergr・wthper偽rmanceinPBT

juvenileswhenf6ddietmadefbomEFM.

Therefbre,itwasassumedthatESMwouldhave

producedbetterresultsoverSMdietsinthisstudy;

however,theresultsshowedsigniflcantlyhigher

growthperfbrmancefbomSMgroups.TheESM

usedinthisstudyisacommercialproduct

(DaBomb,BayerMedica1,Tokyo,Japan),which

wasproducedbyfbrmentationwithlacticacid

producingbacteriatoreducetrypsininhibiter,

antigenlikeglycinine,1essdigestible

oligosaccharide,andtoincreaseprotein

digestibilityinordertouseinpigfbeds.The

plausiblereason,whyESMcouldnotproduce

goodresultinPBTjuveniles,isnotyetclearIt

maybepossiblethattheenzymetreatmentinESM

causedanearlyabsorptionofoligopeptideamino

acidsandthistimingwasnotcoincidedwith

post-prandialmetabolisminPBTjuveniles.

Therefbre,theabsorbedohgopeptidemaybe

drainedoutbefbreproperuseinthebodywhich,in

turn,resultedinlowerPREfbomESMdiets.

However,thisareaneedstobeclarifiedfUrther.

Althoughapreviousstudy(unpublished)

demonstratedsignificantlylowergrowth

perfbrmancefbomSMdiets,thegrowth

perfbrmancef㌃omthisstudywascomparableto

thatofcontroldiet(EFM)until20%inclusionof

SMasdiscussedearlieLThismaybe,inpart,

attributedtothevariationinvitaminmixtures

betweentwostudies.Theextraamountofvitamin

mixturesmightbesomehowplayedanimportant

roleinthisstudy,asvitaminsareknowntoactas

antioxidant,reductants,cofactorsetc.,andplay

roleinenergymetabolism,manybiosyntheticand

catabolicreactions.28)Thequalityofjuveniles

mightbeanotherfactor,asthejuvenilesfセom

previousstudyshowedinfbriorqualitywithhigh

mortalityeven倉omthecontrolgroup

(unpublished).Althoughtherearingperiodis

diffbrent,therehavealsobeensomanyreports

whereSMwasusedtoreplace石shmealpartially

orfullyinsomespecieswithoutanyadverse

consequenceintermsofsomaticgrowthornutrient

utHization.18」9)Incontrast,ithasbeen

demonstratedthat石shmealreplacementbySM

wasresultedinlowergrowthperfbrmanceinother

species.15・16)Thisvariationisduetothedi1晩rence

infishbehavior,nutritionalrequirementand

physiologicalabilitytouseSMdietasithasbeen

reportedthatdistinctfishspeciesandsize-related

diffbrencesinnutrientrequirementsandtolerance

todietaryanti-nutritionalfactorsexist.45)

Thesignificantlyhigherdailyfセedingratein

SMsupplementedgroupsisindicatedthatthePBT

juvenilestriedtocompensatetheenergybytaking

morefbedastheSMhaslowerdigestibility21'22)

duetothepresenceofanti-nutritionalfactors.28)

Thesurvivalrateamongthetreatmentsdidn't

diffbrbutwasremarkablylowerthanother

culturedspecies.30β1)Thisisattributedtotheir

panickingresponsetoexternalstimuli,inevitable

traumacausedbyflashcollisionagainstthewalls

andbitingoncaudalpeduncles,resultinginthe

imbalancemorphologicaldevelopment,32)andmay

beduetosomeotherunknownreasons.However ,
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thepresentstudywasmaintainedhighersurvival

thanourpreviousstudiesonPBTjuveniles.3-5・9-11)

ThehigherliverGOTandGPTactivitiesin

SMsupplementedgroupsmaybeduetothe

denectionofessentialaminoacidbalanceinSM

dietsitse1£theadverseeffbctofphytateonthe

physiologicalactivityofPBTjuveniles33)andthe

presenceofanti-nutritionalfactorsasdiscussed

earlier.However,thesimilargrowthbetween

EFMandSMgroupsmayindicatethatPBT

juvenilessomehowmanagedtomaintaintheir

growth.Asindietaryproximatecomposition,SM

supplementeddietshadlowerphosphoruscontent.

Therefbre,thePBTjuvenilestriedtousethe

availablephosphorusproperlyfbomtheSMdiets,

whichresultedinhigherretentionefficiencyand

lowerphosphorusdischarge倉omSM

supplementeddietsexceptESM20.Thisisan

interestingfindingfbomSMsupplementeddietsas

phosphorusdischargeintheenvironmentisof

increasingconcernincommercialflshproduction,

becauseitisthemostimportantpollutionsource.

Therefbre,reducingPhosphorusdischargeisa

criticalfactorinreducingenvironmentalpollution

倉omcommercialfishproduction.

Thelackofsignif三cantdiffbrenceincarcassFA

proflleamongtreatmentsindicatesthattheflsh

wereabletofUlfllltheirFAacidrequirementf㌃om

SMdiets.Formarinefishspecies,essentialfatty

acidrequirementsarechieflymetbydietaryn-3

HUFA,EPAandDHA,34)whichwerealmost

simiIaramongthedietsexceptalittlehigherDHA

contentincontroldiet.Theimportanceof

DHA/EPAratiointestdietsfbroptimalgrowthhas

beenreportedindiffbrentspecies.35)Ithasbeen

demonstratedthattheratioabovel.Oisbetterfbr

normalgrowthofPBTjuveniles,3βjo)whichis

fUlfilledbytheFAproflleoftestdiets倉omthis

study.

Theresultsdemonstratedthatitispossibleto

include20%SM(around26%EFMreplacement)

inthedietofPBTjuvenileswithoutm句oradverse

consequencesinthegrowthperfbrmanceatleastat

theexperimentaldesignusedinthisstudy.

However,fUrtherstudiesarerequiredtoinvestigate

theef艶ctofSMinclusioninlongtermrearingof

PBTjuveniles.inaddition,theSMsupplemented

dietswillhelptoreducephosphorusdischargein

theenvironment.Asaroughestimate,this

replacementprovidedopportunitytoreducefbed

costabout30%(pricefbrEFMandSMisabout

USD5andl.5,respectively).However,thisdietis

st川expensivecomparedtothedietsofotherfishes.

Furtherstudiesarerequiredtoinvestigatethe

possibilityofreplacingothercostlyingredients

suchastaurineandfbedingstimulant倉omthediet

ofPBTjuveniles.
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