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요 약 문

본 논문은 국내 주요 양식 어종인 흰다리 새우에 있어서 반 순환

여과 시스템을 사용하여 최대 성장을 위한 사료내 단백질 요구량의 

재규명과 PROTIDE®의 어분 대체원으로써의 효과를 평가하고자 수행

되었다.6주간의 실험 후 증체율과 Brokenlineanalysis의 결과 사료

내 최적의 단백질 요구량은 43.3%보다는 크고 44%보다는 작을 것으

로 판단되었으며,9주간의 실험 후 증체율,일간성장률,사료전환효율,

단백질전환효율과 생존율의결과 치하기 흰다리 새우용 배합사료내 

PROTIDE는 어분을 10~20%까지 대체 할 수 있을 것으로 판단되었다.

실험 1:치하기 흰다리 새우에 있어서 사료내 단백질 요구량 재

평가

총 6주간의 본 실험은 반 순환여과 시스템에 있어서 치하기 흰다

리 새우의 최대 성장을 위한 사료내 단백질 요구량을 재평가하기 위

하여 실시하였다.

1주간의 예비 사육 후,평균무게 1.0±0.1g(mean±SD)인 치하기 

흰다리 새우를 사용하여 가용 에너지가 17.0kJ로 동일한 4개의 사료 

(조단백함량 33%,38%,44%,54%)를 제작하였다.사료는 건중량 기준

으로 어체중의 약4%를 공급 하였으며 각각의 구간마다 3반복으로 한 

탱크당 30미씩 사육하였다.

6주간의 사육 후,CP44구와 CP54구는 CP33구보다 유의하게 높은 

증체율과 일간성장률을 보였지만,CP44와 CP54구들 간에는 유의한 

차이가 없었다.단백질 전환효율에 있어서 CP33,CP38구와 CP44구는 
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CP54구에 비해 유의하게 높은 값을 보였지만,서로간에 유의한 차이

가 없었다.사료전환효율에 있어서 CP44구는 CP33구에 비해 유의하

게 낮은 값을 보였지만,CP33,CP44구와 CP54구들 사이에는 유의한 

차이가 없었다.전어체와 가식부 조단백질 분석,가식부 아미노산 분

석 결과 CP38%구,CP44%구와 CP54%구는 CP33%구보다 높은 단백

질,Glu,Ile와 Leu값을 보였지만,CP38구,CP44%구와 CP54%구들 

사이에는 유의한 차이가 없었다.Broakenlineanalysis의 결과 최적 

성장을 위한 사료내 단백질 함량은 43.3%인 것으로 나타났다.

따라서,흰다리 새우 치하의 최적 성장을 위한 사료내 단백질 함량

은 43.3%보다는 높고 44%보다는 낮을것으로 사료된다.

실험 2:치어기 흰다리 새우에 있어서 사료내 PROTIDE®의 어

분 대체 효과

총 9주간의 실험은 반 순환여과 시스템에서의 치하기 흰다리 새우 

사료내 어분 대체원으로써 PROTIDE®(PRO)의 어분대체효과를 평가

하기 위함이다.조단백이 45%,가용 에너지가 16.4kJ로 동일한 5개의 

사료를 제작 하였다.1주간의 예비 사육 후,평균무게 0.15±0.02g

(mean±SD)인 치하기 흰다리 새우를 사용하여 한 수조당 50마리씩 

4반복배치 하였으며 사료는 어체중의 7%를 건조중량 기준으로 공급 

하였다.실험 사료중 20%의 어분은 PROTIDE로 각각 0%,10%,20%,

30%,40% (PRO0,PRO2,PRO4,PRO6,PRO8)씩 대체 되었다.

9주간의 사육 후,PRO0구와 PRO2구는 PRO6구와 PRO8구에 비해 

유의하게 높은 증체율과 일간성장률을 보였지만,PRO0,PRO2와 

PRO4구들 간에는 유의한 차이가 없었다.PRO0과 PRO2구는 PRO6구
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와 PROP8구에 비해 유의하게 높은 단백질전환효율을 보였다.PRO6

구와 PRO8구는 PRO0구와 PRO2구에 비해 유의하게 높은 사료전환효

율과 생존율을 보였지만,생존율에 있어서 PRO0구,PRO2구와 PRO4

구들,그리고 PRO4구,PRO6구와 PRO8구들 간에는 유의한 차이가 없

었다.

따라서,증체율,일간성장율,사료전환효율,단백질전환효율과 생존

율의결과 치하기 흰다리 새우용 배합사료내 PROTIDE는 어분을 

10~20%까지 대체 할 수 있을 것으로 판단된다.
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Reevaluation of the dietary protein requirement and 

the effects of dietary PROTIDE
®

 as a fishmeal 

replacer in juvenile whiteleg shrimp, 

Litopenaeus vannamei

HyeonhoYun

DepartmentofFisheriesBiologyGraduateSchool

PukyongNationalUniversity

Abstract

Thesepresentstudieswereconducted toreevaluatethedietary

protein levels for the maximum growth and to evaluate the

optimum dietarylevelsofPROTIDE® (PRO)asafishmealreplacer

forjuvenilewhiteleg shrimp,Litopenaeusvannamei,reared in the

semi-recirculation system.Aftersix weeksoffirstfeeding trial

observationsdemonstrated,theoptimum dietaryproteinlevelscould

begreaterthan43.3%,butlessthan44% basedontheweightgain
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andbroakenlineanalysis,andafternineweeksofsecondfeeding

trial,PROTIDE® couldbeusedtoreplacethefishmealhigherthan

10%,butlessthan20% basedontheweightgain,feedconversion

ratio,proteinefficiencyratioandsurvivalrate.

Experiment 1. Reevaluation of the dietary protein

requirementin juvenilewhiteleg shrimp,

Litopenaeusvannamei

A six weeksoffeeding trialwasconducted to reevaluate the

dietaryproteinlevelsforthemaximum growthofjuvenilewhiteleg

shrimp,Litopenaeusvannamei,rearedinthesemi-recirculationsystem

atFFNRC.After1weekoftheconditioningperiod,oneoffour

isocaloric(17.0kJenergyg-1 diet)dietscontaining33,38,44,and

54% crudeprotein(CP)wasfedtoshrimpatapproximately4% of

wetbodyweightonadrymatterbasistotriplicategroupsof30

shrimp averaging1.0± 0.1g(mean ± SD).After6weeksofthe

feedingtrial,weightgainandspecificgrowthrateofshrimpfed

44% and 54% CP dietwere significantly higherthan those of

shrimp fed 33% diet(P<0.05),but there were no significant

difference among the shrimp fed 44% and 54% diets(P>0.05).

Proteinefficiencyratioofshrimpfed33%,38% and44% CPdiets

were significantly higher than those ofshrimp fed 54% diet

(P<0.05),butnosignificantdifferenceamongtheshrimpfed33%,

38% and 44% CPdiets(P>0.05).Feedconversionratioofshrimp
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fed44% CPdietwassignificantlylowerthanthoseofshrimpfed

33% CPdiet(P<0.05),Butnosignificantdifferenceamongthoseof

shrimpfed38%,44% and54% diets(P>0.05).Glu,IleandLeuof

edibleportion amino acid compositionsand wholebody protein

contentsofshrimpfed38%,44% and54% dietsweresignificantly

higherthanthoseofshrimp fed 33% CPdiet(P<0.05),however,

therewerenosignificantdifferenceamongthoseofshrimpfed38%,

44% and54% CPdiets(P>0.05).Brokenlineanalysisofweightgain

indicated that43.3% protein is the optimum dietary levelto

promote maximum growth in juvenile shrimp.Therefore,our

findingssuggestedthattheoptimum dietaryproteinlevelcouldbe

greaterthan 43.3%,butlessthan 44% formaximum growth in

juvenilewhitelegshrimp.

Experiment2.The effectsofdietary PROTIDE
®
asa

fishmeal replacer in juvenile whiteleg

shrimp,Litopenaeusvannamei

A nineweeksoffeeding trialwasconducted to evaluatethe

optimum dietarylevelsofPROTIDE®(PRO)asafishmealreplacerin

juvenile whiteleg shrimp, Litopenaeus vannamei diet. Five

experimentaldietswereformulatedtobeisonitrogenous(45% crude

protein,CP)andisocaloric(16.4kJenergyg-1diet).After1weekof
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feedingtrial,quadruplicategroupsof50shrimpaveraging0.15±0.02g

(mean±SD)werefedoneof5experimentaldietsatapproximately

7% ofwetbodyweighton drymatterbasis.Experimentaldiets

containing 20% of fishmeal were formulated with PROTIDE

replacing0%,10%,20%,30% and40% offishmealprotein(PRO0,

PRO2,PRO4,PRO6,PRO8,respectively).After9weeksoffeeding

trial,weightgainandspecificgrowthrateofshrimpfedPRO0and

PRO2dietsweresignificantlyhigherthanthoseofshrimpfedPRO6

and PRO8 diets(P<0.05),buttherewerenosignificantdifference

amongthoseofshrimpfedPRO0,PRO2andPRO4diets,andamong

thoseofshrimpfedPRO4,PRO6 andPRO8 diets(P>0.05).Protein

efficiency ratio of shrimp fed PRO0 and PRO2 diets were

significantlyhigherthanthoseofshrimpfedPRO6andPRO8diets

(P<0.05).Feedconversionratio(FCR)andsurvivalrateofshrimp

fedPRO6andPRO8weresignificantlyhigherthanthoseofshrimp

fed PRO0 and PRO2 diets(P<0.05),butno significantdifference

among survivalrateofshrimp fed PRO0,PRO2 and PRO4,and

among survivalrateofshrimp fed PRO4,PRO6 and PRO8 diets

(P>0.05).Therefore,theseresultsclearly indicated thatPROTIDE®

couldbeusedtoreplacethefishmealhigherthan10%,butless

than20% basedontheweightgain,feedconversionratio,protein

efficiencyratioandsurvivalrateinjuvenilewhitelegshrimp.
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Ⅰ.Introduction

A massive expansion of farming areas along with the

intensification haslead to the dramatic increase in the annual

domestic production of whiteleg shrimp, Litopenaeus vannamei

(Boone,1931)from anilvalue661MTin2006to2,705MTin2010

(KOSTAT 2011).The globalproduction ofwhiteleg shrimp has

increased from 146,362MT in 2000to2,329,534MT in 2009(FAO,

2010),andreceivingincreasingattentionworldwideasapotential

speciesofintensivefarminginponds(Hopkinsetal.,1993;Burford

etal.,2003),raceways(McAbeeetal.,2003;Browdy& Moss2005)

andinfloatingcages(Zarain-Herzbergetal.,2010).Farmersprefer

raising the pacificwhite shrimp,because the speciesiseasier,

quicker, and more profitable to grow than other commonly

farm-raised shrimp(Hedlund2007).Theexcellentdiseaseresistant

qualitycompared toothershrimpspecieshasencouraged several

shrimp farmersalongthecoastlineto shifttowhitelegshrimp

farming.

Paralleling the growth ofthe shrimp industry has been an

expansioninfeedproduction,productionintensityandincreasein

the levelsoffeeding.Whilesomecommercialshrimp dietsare

widelyusedandverypopularamongshrimpfarmers,itisdoubtful

whetheranyofthesecanbeconsideredasatruecompletefeed.

Growthratesoftank-rearedshrimpthatdependonprepareddiets
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for100% oftheirnutritionalneedsdonotmatchthegrowthrates

thatarecommonlyobservedinnaturalpondenvironments.

Thedietaryproteinrequirementofpenaeidshrimpisanimportant

nutritionalfactorandconsideredasisamajorlimitingnutrientfor

growth.Proteinisoneoftheprimarycostcomponentsofprepared

feeds,which accountforover50% ofthe production costin

modernshrimpfarming.Additionally,proteincontentofthefeed

and dietary availability can affect water quality via nitrogen

excretion.Proteinthatisutilizedforenergyandnotdepositedfor

growthcontributestothereleaseofnitrogenmetabolitesintothe

culturemedium (Choetal.,1994).Severalstudiesestimated the

optimum proteinrequirementofL.vannameiandthereportedlevel

variedwidelybetween20% and55% (Colvin& Brand1977;Smith

etal.,1984;Aranyakananda& Lawrence1993;Kureshy & Davis

2002).Existingawidevariationinreportedproteinrequirementfor

whiteleg shrimp leadsto contradiction and confusion forshrimp

farmers.Protein requirements ofthe shrimp vary highly with

respecttochangesinthebioticandabioticfactorspresentinthe

system (Guillaume 1997).Dietary characteristics such asprotein

quality,processingmethod,nutrientdigestibilityandnutrientratios

mayalsoaffecttherequirementsofprotein(Guillaume1997).Apart

from allthese factors,pollutions which leads to continuously

changing environmentis one ofthe vitalfactors affecting the

nutritionalrequirementofanimalsincludingshrimps.Thereforeitis

needed to reevaluate and find outa correctlevelofprotein,
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requiredtopromotetheoptimum growthandsurvivalofjuvenile

whitelegshrimp.

On the otherside,expansion ofworld shrimp production in

combinationwithothereconomicfactorshasledtoareductionof

shrimppricesindomesticaswellasinternationalseafoodmarket.

Marketexpertspredictthesetrendstocontinue.Thereforeitbecame

imperativetoreducetheproduction cost.Theongoingtrendsto

replacefishmealwithanimalby–productsmealsandplantbased

meals gaining momentum with a view to develop

“environment-friendly”feedscontainingtheleastamountofprotein

necessaryforoptimalgrowth.Todevelopbetterfeedmanagement

practiceandimprovetheeconomicsoffeedsinshrimpfarminghas

received attentionworldwide.Onepossiblesolutioncould bethe

formulation ofdietwith high qualitybutlowercostingredients,

preferably from locally available resources.The formulation of

nutritionallyrichbutinexpensivedietcanbeachievedbyutilizing

and experimentinguponavarietyoflocallyavailablelow priced

materials(UshaGoswamiandGoswami,1982).

Fishmeal(FM)hastraditionallybeen used asthemajorprotein

sourceformarinefeedsbecauseitisanexcellentsourceofessential

nutrientssuchasproteinandindispensableaminoacids,essential

fatty acids, cholesterol, vitamins, minerals, attractants and

unidentifiedgrowthfactors(Swicketal.,1995;Samochaetal.,2004).

Butitisone ofthe mostexpensive ingredientsin formulated
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shrimpdiets.Expansionofworldshrimpproductionincombination

withothereconomicfactorshasledtoareductionofshrimpprices

indomesticaswellasinternationalseafoodmarket.Marketexperts

predictthesetrendstocontinue.Thereforeitbecameimperativeto

reducetheproduction cost.To develop betterfeed management

practiceandimprovetheeconomicsoffeedsinshrimpfarminghas

received attention worldwide.Leeand Bai(1997)noted thatthe

world supplyoffish mealincreased onlyabout27% duringthe

past20 years and fish mealoutputby the major fish meal

producingcountriesactuallydeclined.Becauseoflimitingsupplyof

fishmealaroundtheworld,thecostofproducingfishwouldbe

expectedtoincrease.Thesuccessoftheaquacultureindustrywill

dependinpartonreductioninfishmeal(FM)useinfishfeeds.The

ongoingtrendstoreplacefishmealwithanimalby–productsmeals

andplantbasedmealsgainingmomentum withaview todevelop

“environment-friendly”feedscontainingtheleastamountofprotein

necessaryforoptimalgrowth.Severalstudieshavebeenconducted

toreplaceorreduceitsinclusionlevelinfishandshrimpdietsby

variousinexpensivealternativeplantproteinsources(soybeanmeal,

cornglutenmeal,soyproteinconcentrationetc)andanimalprotein

sources(meatand bonemeal,blood meal,feathermeal,poultry

by-productmeal,lysine by productetc).Partialreplacementof

fishmealinfishfeed(Baietal.,1997;CarterandHauler,2000;Lee

and Bai,1997 ;Lee etal.,2002)and considerable success in

partially ortotally replacing FM with plantprotein sourcesin

variousshrimpspecies(Lim andDominy,1990;Piedad-Pascualet
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al.,1990;Penaflorida,1995;EusebioandColoso,1998;Sudaryonoet

al.,1999;Alvarez et al.,2007) has been reported.Complete

replacementoffishmealwith otherprotein sources reported to

producelow growthrates,especiallyincrustaceansandcarnivorous

fish,maybeduetothepoordigestibilityandvariablequalityof

alternativeproteinsource.

Asanalternativestrategytoantibiotics,manyreportshavebeen

publishedregardingapplicationofprobioticsinfeedingandhealth

management in aquaculture. However, because of high cost,

potentialimpactontheenvironment,regulatoryissues,foodsafety

andchallengesregardingincorporationintomodernextrudedfeeds,

large-scaleapplicationofprobioticsinthewaterhasbeenlimited.

Nucleotideshaveessentialphysiologicaland biochemicalfunctions

includingencodinganddecipheringgeneticinformation,mediating

energy metabolism and cell signaling as well as serving as

componentsofcoenzymes,allostericeffectorsandcellularagonists

(CarverandWalker,1995;Cosgrove,1998).Therolesofnucleotides

administered by feeding have been debated for many years.

Nucleotideshavebeenconsideredasnon-essentialnutrient,because

neitheroverriding biochemicalmalfunctionsnorclassicalsignsof

deficiencyaredevelopedinhumanoranimalmodels.Howeverthe

conceptionhasbeenchallengedbysuccessiveresearchpublications

suggestingthatdietarynucleotidedeficiencymayimpairliver,heart,

intestine and immune functions.Nucleotide supplementation has
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been oneimportantaspectofresearch on clinicalnutrition and

functionalfood developmentforhumans.Therefore,ithasbeen

consideredthatstudyonnucleotidesupplementationinshrimpdiets

isanimportantissuetoverifyitspotential.

Although initial efforts in the evaluation of dietary

supplementation ofnucleotidesforfishescould betraced tothe

early 1970s,research atthattime had mainly focused on the

possiblechemo-attractiveeffectsofthesecompounds(Mackie,1973;

Kiyoharaetal.,1975;MackieandAdron1978).Worldwideattention

onnucleotideforfisheswasarousedbythereportsofBurrelset.

al.,2001a,whofound thatdietarysupplementationofnucleotides

enhancedresistenceofsalmonidsagainstviralorbacterialdisease.

Todate,research pertainingtonucleotidein fish nutrition has

shown consistent and encouraging results for fish health

management,although exact mechanism of nucleotides remain

hypotheticalandsystematicresearchonfishasfarfrom complete

(LiandGaclinIII,2006;Lietal.,2004a,b).Researchonnucleotide

nutrition in shrimp is needed to provide insights concerning

interactionsbetweennutritionandphysiologicalresponsesaswellas

practicalsolutionstoreducebasicrisksfrom infectiousdiseaseswith

aview toreducethefishmealleveland reducethefeedcost.

PROTIDE® iscommercially popularasfermented IMP (inosine

monophosphate)by product,has been demonstared asa good

replaceroffishmealtoinhancethegrowthrateandstimulatethe
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immuneresponsesinoliveflounder,Paralichthysolivaceousandred

seabream,Pagrusmajor.Variousexperimentsconductedtoreplace

fishmealwithPROTIDE,emphasizingtoinvestigateitspotentialin

shrimpnutritionalso.PROTIDEisresidualproductafterextracting

theenergythroughsugarcaneoxidation.Itischeaperthanfishmeal

and nutritionallyrich with 63.6% ofprotein concentrate,8.8% of

lipid,10.0% ofash,2.8% offiber,considerableaminoacidprofiles

andspecially2% ofnucleotide.

Therefore,infirstexperimentfourisocaloricdietscontaining33,

38,44,and54% crudeprotein(CP)wereformulatedand6weeks

offeeding trialwasconducted to reevaluatethedietary protein

requirementsofjuvenilewhitelegshrimp,Litopenaeusvannamei.The

present study also aimed atthe developmentofnutritionally

balancedandenvironment-friendlybutinexpensiveformulatedfeed

topromotetheoptimum growthandsurvivalofjuvenilewhiteleg

shrimp.

Insecondexperiemnt,fiveexperimentaldietswereformulatedand

9weeksoffeeding trialwasconducted to study theeffectsof

dietary PROTIDE® as a fishmealreplacer in juvenile whiteleg

shrimp,Litopenaeusvannamei.
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Ⅱ.Reevaluationofthedietaryproteinrequirementin

juvenilewhitelegshrimp,Litopenaeusvannamei

abstract

A six weeksoffeeding trialwasconducted to reevaluatethe

dietaryproteinlevelforthemaximum growthofjuvenilewhiteleg

shrimp,Litopenaeusvannamei,rearedinthesemi-recirculationsystem

atFFNRC.After1weekoftheconditioningperiod,oneoffour

isocaloric(17.0kJenergyg-1 diet)dietscontaining33,38,44,and

54% crudeprotein(CP)wasfedtoshrimpatapproximately4% of

wetbodyweightonadrymatterbasistotriplicategroupsof30

shrimp averaging1.0± 0.1g(mean ± SD).After6weeksofthe

feedingtrial,weightgainandspecificgrowthrateofshrimpfed

44% and 54% CP dietwere significantly higherthan those of

shrimp fed 33% diet(P<0.05),but there were no significant

differenceamongtheshrimpfed38%,44% and54% diets(P>0.05).

Proteinefficiencyratioofshrimpfed33%,38% and44% CPdiets

were significantly higher than those ofshrimp fed 54% diet

(P<0.05),butnosignificantdifferenceamongtheshrimpfed33%,

38% and 44% CPdiets(P>0.05).Feedconversionratioofshrimp

fed44% CPdietwassignificantlylowerthanthoseofshrimpfed

33% CPdiet(P<0.05),Butnosignificantdifferenceamongthoseof

shrimpfed33%,44% and54% diets(P>0.05).Glu,IleandLeuof
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edibleportion amino acid compositionsand wholebody protein

contentsofshrimpfed38%,44% and54% dietsweresignificantly

higherthan thoseofshrimp fed 33% CP diet(P<0.05),however

therewerenosignificantdifferenceamongthoseofshrimpfed38%,

44% and54% CPdiets(P>0.05).Brokenlineanalysisofweightgain

indicated that43.3% protein is the optimum dietary levelto

promote maximum growth in juvenile shrimp.Therefore,our

findingssuggestedthattheoptimum dietaryproteinlevelcouldbe

greaterthan 43.3%,butlessthan 44% formaximum growth in

juvenilewhitelegshrimp.



-10-

MaterialsandMethods

ExperimentalDesignandDiets

TheexperimentwasconductedattheInstituteofFisheriesScience,

Pukyong NationalUniversity,Busan,Korea.Thecompositionsof

experimentaldietsareshowninTable1.Fourexperimentaldiets

containingfishmeal,dehulledsoybeanmeal,squidliverpowderand

wheatglutenmealasaproteinsourceswerepreparedtocontain

proteinlevelsat33%,38%,44% and54% attheexpenseofwheat

flour,soybeanoiland fishoil.Thedietswereformulated tobe

isocaloric,containing17kJg-1energybasedoncalculation(Garling&

Wilson1976;NRC1997).Proceduresfordietpreparationandstorage

werefollowedaspreviouslydescribedbyBai& Kim (1997).After

thoroughly mixing thedry ingredients,soybean oiland fish oil

togetherwith 30% wellwaterwereadded and furthermixed to

makeamash.Laboratorypelletizingmachinewasusedtoobtain

uniform palletsof2mm-diametersizes.Theformulateddietswere

storedat-20°C(Wetpellets)untiluse.

AnimalhusbandryandExperimentaldesign

Juvenilewhitelegshrimpwereprocuredfrom Tae-anhatcheryof

theNationalFisheriesResearch& DevelopmentInstitute.Beforethe

startingtheexperiment,allshrimpswererearedina1000Ltank

andfedadlibitum,acommercialshrimp dietfor1week.After1

weekofconditioningperiod,30Shrimpmeasuringinitialaveraging

1.0±0.1g(mean±SD)wererandomlydistributedintoeachof12
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plasticaquaria(30-L)andcoveredwithplastic.Eachaquariawas

randomlyassignedtooneofthethreereplicatesofthefourdietary

treatments.Semi-recirculation system wasused in theexperiment

andwaterflow wasmaintainedat3L/minutes.Thedietswerefed

totriplicategroupsoffishtosatiation,approximatelyat4% oftotal

bodyweightperdayfor6weeks.Shrimpwerefed4timesaday

at9:00,12:00,15:00and 18:00,sevendaysaweek.Totalshrimp

weightineachaquarium wasdeterminedevery2weeksandthe

feeding rate was adjusted accordingly.Water temperature was

maintained at25°C by using a heater.Dissolved oxygen was

maintainedabove6.0mgL-1,salinity32±1psuandthepH 7.5±0.3,

induringtheexperiment.

Siphoning wasdoneeverymorning in each rearingtank;dead

shrimpwereremoved,weighed,andrecordeddaily.

Samplecollectionandanalysis

Attheend ofthefeeding trial,allshrimp wereweighed and

countedtocalculatepercentageweightgain(WG),feedconversion

ratio(FCR),specificgrowthrate(SGR),proteinefficiencyratio(PER)

and survival rate. Proximate composition analysis of the

experimentaldiets,wholebodyandediblewereperformedbythe

standardmethodsofAOAC(1995).Samplesofthedietsandshrimp

were dried at105°C to a constantweightto determine their

moisturecontent.Ash contentwasdetermined byincineration at

550°C.Proteinwasdeterminedusingthekjeldahlmethod(Nⅹ6.25)

afteracid digestion,and crudelipid wasascertained by soxhlet
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extractionusingthesoxhletsystem 1046(TacatorAB,Sweden)after

freeze-dryingthesamplesfor20h.Aminoacid analysisofedible

protionwaswereperformedbyninhydrinmethod(Sykam Amino

AcidAnalyzerS433,Sykam;Eresing,Germany).

StatisticalAnalysis

All data were analyzed by one-way ANOVA (Statistix 3.1;

AnalyticalSoftware,St.Paul,MN,USA)totesttheeffectsofthe

dietarytreatments.Whenasignificanttreatmenteffectwasobserved,

anLSD testwasusedtocomparemeans.Treatmenteffectswere

considered atP<0.05 levelofsignificance.Broken line analysis

(Robinson Norton & Baker,1979)wasused to testthe dietary

proteinrequirement(SASprocedureNLIN,1996).



-13-

ResultsandDiscussion

Growthperformance

Growthtrialwasconductedwithoutinterruption,waterquality,or

anydiseaseproblems.Theexperimentaldietswerewellacceptedby

theshrimp;norejectionofthefeedwasobserved.After6weeksof

thefeedingtrial,WG ofshrimpfedtheCP33andCP38dietswere

significantlylowerthanthoseofshrimpfedCP44diet,butthere

wereno significantdifferenceamong theshrimp fed,CP44and

CP54diets(Table2).Thecleartrendlinearincreaseinweightgain

withtheincreaseinproteinconcentrationupto44% andshoweda

slightdecreasewith afurtherincreaseto54%.Improved growth

andfeedefficiencywithincreasingdietaryproteinlevelshavebeen

describedinmanyotherspecies(Tabacheck1986;Baietal.,1999).

Severalstudiesreported varying theprotein requirements(15to

48%)forL.vannameiunderdifferentconditions(Colvin & Brand

1977;Smithetal.,1984;Aranyakananda& Lawrence1993;Kureshy

& Davis2002;Liuetal.,2005;Huetal.,2008).Observedgrowth

pattern in presentexperimentis similar and comparable with

previousstudiesofwhitelegshrimp.S.Xiaetal.,2010obtainedthe

highestdailyweightgainandspecificgrowthrate114.7±0.06and

1.24±0.06respectivelyfrom 60daysofexperimentwithsubadult

shrimp.Authorsdidnotfindanysignificantdifferenceintermsof

SGRamongtheshrimpfedvariousproteinlevelsandreportedthe

dietaryproteinrequirementcouldbebetween39% and47% forsub

adultwhiteleg shrimps.Kureshy and Davis (2002)showed the
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proteinrequirementformaximum growthwithL.vannameitobe

higherthan32%,andobservedthata48% DPlevelyieldedbetter

feedefficiency.Liuetal.,(2005)foundbettergrowthperformance

and feed conversionratioamongwhitelegshrimpjuvenilesfeda

dietwith a40% protein level.However,someresearchershave

reportedalowerproteinnutritionrequirement.Forexample,Colvin

& Brand (1977)found betterfeed conversion forpenaeid shrimp

juvenilesfeda25% CPdietcomparedwithshrimpfeddietswith

30%,35% or40% DP levels.Smith etal.(1984)indicated that

maximum growthisobtainedwhenshrimparefedadietexceeding

36% protein.Aranyakanandaand Lawrence(1993)concluded that

maximum growthcanbeobtainedwithaDPlevelof15% among

shrimp fed ad libitum.Hu.etal.(2008)reported thata diet

containing 34% protein is optimum for better growth. The

differencescan be attributed to the variationsin body weight,

culturesystem,stockingdensity,environmentalfactors,etc.(Britoet

al.,2001)

Shrimpsize,stockingdensityrearingconditionsWG (114.77)and

SGR(1.78)obtainedat44% dietaryproteinencouraging.Whilethe

broken-linemodel(Fig.1)indicating,theoptimum dietaryprotein

levelforsupporting maximum weightgain could be 43.3% for

juvenile whiteleg shrimp.In generalbroken-linefallsbelow the

actualrequirement,whilethedifferenceisnegligibleand44% can

beconsideredastherequiredproteinleveltopromotetheoptimum

growthinjuvenilewhitelegshrimp.
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Therewerenocleartrendsinsurvivalrateofshrimpsfed the

variousexperimentaldiets.Obtained percentagesurvival(86.7)at

44% ofcrudeprotein levelisalmostsimilarwith thesurvival

reported in severalpreviousstudies.WhileInitialweight(1.0±

0.1g)ofshrimpusedinthepresentexperimentwascomparatively

lowerthanshrimpsizeusedinvariousotherexperiments.Shrimp

size(weight)affectsgrowthresponserelativetotheproteincontent

ofthediet.Smithetal.(1984)studiedtheresponseofthreesizesof

L.vannamei(4.0,9.8,and20.8g)feddietscontaining22%,29%,and

36% crudeproteinforaperiodof30days.Dietaryproteincontent

only affected weightgain for 4.0g shrimp,with a significant

increasein weightgain corresponding totheincreasein dietary

protein content.Authorsreported thatadietary protein levelin

excessof36% wouldberequiredtoyieldmaximum weightgainof

4.0gshrimp.Experimentingwithinitialsizeof6gwhitelegshrimp,

Survival(92.93±0.17)reportedbyS.Xiaetal.2010at43% dietary

proteinlevel,seemstobeslightlyhigherthanthesurvival(86.7)

obtained at44% levelin presentexperiment.Duration ofstudy,

initialsizeandvariationinotherexperimentalconditionscouldbe

someoftheimportantfactorsassociatedwiththecomparativelyless

survivalobtainedinthepresentexperiment.

Ingeneral,theFCRshowedasimilarlinearincreasingtrendto

WG.Shrimp fed theCP44diethad thenumericallylowestFCR

(1.69)among allthedietary treatments,which wassignificantly
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differentfrom theshrimp,fedCP33diet.However,therewereno

significantdifferenceintermsofFCR,amongtheshrimpfedCP38,

44and54diets.Foodconversionratioat44% ofdietaryprotein

levelsbetterreported in severalotherexperiments(S.Xiaetal.,

2010;Kureshyand Davis,2002)atoptimum dietaryproteinlevel

crudeprotein leveland betterthan theFCR reported in several

otherexperimentsforLitopenaeusvannamei.

Noclearsignificanttrend(Table2)wasobservedintermsofPER

amongtheshrimpfed4differentproteindiets.Significantlylowest

PERwasobtainedwiththeshrimpfedCP54,whiletherewereno

significantdifferencesamongtheshrimpfedCP33,CP38andCP44.

ThesignificantdeclineofPERwiththeincreaseindietaryprotein

after 44%, clearly indicating that surplus protein was being

metabolizedratherthandepositedasgrowth.Similarresultswere

reportedbyHuangetal.(2003);Liuetal.(2005);Huetal.2008

andS.Xiaetal.2010.Usually,dietaryproteinatalow levelcould

beefficientlyutilizedforproteinsynthesisbyshrimp.Theinefficient

conversionofproteintogrowthreflectsthecontinuedcatabolism of

proteinforenergyintheabsenceofanyproteinsparingeffectat

highproteinlevels.SeveraldietaryfactorsmayeffectthePER.First,

partofthedietaryfactorsmaybemetabolized forenergywhen

dietary non-protein nutrients (carbohydrate and lipids)are not

improved orutilized properly.Forinstance,thepoorability of

shrimp toutilizehigh dietarylipid levelslowered PER.Second,

differentproteinsourceswithdifferentproteinqualitymayresultin
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differentPER values(Hajra atal.,1988).In thepresentstudy,

protein sourcesweresamein differentdietstomaintain similar

aminoacidprofiles.

Proximateanalysis

Theproximatecompositionofwholebodyandedibleportionare

showninTable3.Noclearsignificanttrendwasobservedinlipid,

moistureandashcontentbutedibleproteincontentfollowedthe

increasing trend with dietary protein up to 44% CP afterwards

slightlydecreased with thefurtherincreasein dietaryprotein to

54%.Theaminoacidrequirementsforshrimphavenotbeenwell

definedbecauseshrimpdonotefficientlyutilizecrystallineamino

acids from the purified diets used to study amino acid

requirements. As a general rule, however, the amino acid

requirementsofaspeciescloselymirrortheaminoacidcomposition

oftheirmuscletissue(Lim and Persyn,1989).Theamino acid

compositionofshrimp feedsislargelybased ontheaminoacid

composition ofshrimp muscle (Akiyama etal.,1991).In fact,

Kaushik(1998)didnotfindanysignificantdifferenceinthetotal

wholebodyaminoacidsoftwodifferentsizesofEuropean sea

bass,gilthead sea bream and turbot.In the presentstudy,the

wholebodytotalaminoacidcomposition(% drysample)ofthe

juvenileshrimps,wasnotsignificantlyalteredbydietarytreatments,

exceptforsomeaminoacidsathigherlevelamongtheshrimpfed

CP44.Thesameobservationreportedinfishesalsosuchasrainbow

trout(MohantyandKaushik,1991)andJapaneseflounder(Alam et
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al.,2002).Thesmalldifferencesofcertainaminoacidlevelsinthe

wholebody among thedietary treatmentsfound in thepresent

studymaybeduetothedifferencesinthetissuelevelsoffree

amino acids as also observed in rainbow trout(Kaushik and

Luquet,1980).DallandSmith(1987)alsoshowedthatconcentration

ofwholemuscletotalamino acidsin tigerprawn P.esculentus

changedonlyslightlywhenstarved,butconcentrationsofvarious

freeamino acidschanged significantly.In thepresentstudy,an

improved essentialamino acid profilewasobserved among the

shrimpfedCP44.Butnosignificanttrendwasobservedinamino

acid profilewithrespecttovariouslevelofdietaryprotein.The

highestamountofprotein retained in theedibleshrimp muscle

(Table4)amongtheshrimpfedCP44,couldberelatedtoagreater

rateofproteinsynthesisintheshrimpthatreceiveddietaryprotein

at44% level,whichdemonstratesanimprovedaminoacidprofile

In conclusion,ourresultsarein consistentwith otherprevious

studiesconductedtoevaluatetheoptimum proteinrequirementof

whiteleg shrimp,Litopenaeus vannamei.44% of dietary protein

appearstoprovidethemostappropriatedietaryaminoacidprofiles

forthemaximum growthofjuvenileWhitelegshrimp.Brokenline

analysisindicating43.3% dietaryproteinisgoodenoughtopromote

optimum growth.In generalbroken linefallsbelow the actual

requirement, while it is negligibly different from the actual

requirement.Dietary protein at 44% levelseems to be most

appropriate to promote optimum growth of juvenile whiteleg
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shrimp. The remarkable conclusion, ingredients and their

compositionused toformulatethefeed containing44% ofcrude

protein,canbeusedtoformulatenutritionallyrichbutinexpensive

feed to make culture ofwhiteleg shrimps a better economic

enterprise.Additionally,after further refinement in ingredients

compositionwiththesupplementationofprobiotic/prebioticcanbe

employedtoformulatethefunctionalfeedsforshrimpfarming.

Therefore,ourfindingssuggestedthattheoptimum dietaryprotein

levelcouldbegreaterthan43.3%,butlessthan44% formaximum

growthinjuvenilewhitelegshrimp.
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Ingredient (%) Diets
CP33 CP38 CP44 CP54 

Fish meal *2 9.5 12.7 15.9 22.3
Dehulled soybean meal *2 18.8 25.4 31.9 44.8
Squid liver powder *2 5.0 5.0 5.0 5.0
Wheat gluten meal *2 4.0 5.0 6.0 8.0
Wheat flour *2 50.3 40.0 29.8 9.4
Corn starch *2 5.0 5.0 5.0 5.0
Soybean oil *2 1.5 1.5 1.5 1.5
Fish oil *3 2.9 2.5 2.1 1.4
Vit. premix *4 2.0 2.0 2.0 2.0
Min. premix *5 0.5 0.5 0.5 0.5
CaP-monobasic *6              0.5 0.4 0.3 0.1
Proximate   analysis (% of dry matter basis)  
Moisture 13.38 11.46 11.9 12.92
Crude protein 33.3 37.8 43.9 53.9
Crude lipid 6.1 6.5 6.6 6.3
Crude ash 5.0 5.9 6.8 8.3

TablesandFigures

Table1.Compositionandproximateanalysisoftheexperimental

diet(% ofDM basis)*1

*1
Feedstuffsnotmentionedherearethesamefeedstuffsasthe

domesticaquaculturefeedcompaniesareusingcurrently.
*2SuhyupfeedC.Uiryeong,Korea
*3JeilfeedCo.Hamman,Korea
*4Contains(asmg/kg in diets):Ascorbicacid,300;dl-Calcium

pantothenate,150;Cholinebitate,3000lInositol,150;Menadion,6;

Niacin, 150; Pyridoxine · HCl, 15; Rivoflavin, 30; Thiamine

mononitrate,15;dl-α-Tocopherolacetate,201;Retinylacetate,6;

Biotin,1.5;Folicacid,5.4;Cobalamin,0.06
*5Contains(asmg/kgindiets):NaCl,437.4;MgSO4·7H2O,1379.8;

ZnSO4·7H2O,226.4;Fe-Citrate,299;MnSO4,0.016;FeSO4,0.0378;
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CuSO4, 0.00033; Calciumiodate, 0.0006; MgO, 0.00135; NaSeO3,

0.00025
*6Sigma-AldrichKoreaYongin,Korea
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　 Diets
*2

Pooled SEM
*4

CP33 CP38 CP44 CP54

WG
*3 84.0c 88.3bc 114.8a 104.8ab 4.62 

FCR
*3 2.38a 2.10ab 1.69b 1.99ab 0.11 

PER
*3 1.12a 1.17a 1.15a 0.87b 0.05 

SGR
*3 1.42c 1.47bc 1.78a 1.66ab 0.05 

Survival
*3 85.0a 93.3a 86.7a 93.3a 2.41 

Table2.Percentweightgain(WG),feed conversionratio(FCR),

protein efficiency ratio (PER),specific growth ratio (SGR)and

survivalrateinwhitelegshrimpfed4differentproteinlevelsfor6

weeks(% ofDM basis)*1

*1
Valuesaremeansfrom triplicategroupsofshrimpwherethe

meansineach row withadifferentsuperscriptsaresignificantly

different(P<0.05).
*2Refertothetable1.
*3WG=(finalweight-initialweight)ⅹ100/initialweight
*3FCR=(dryfeedintake/wetweightgain)ⅹ100
*3PER=weightgain/dietaryproteinintake
*3SGR=(lnfinalweight-lninitialweight)/days
*3Survivalrate=(totalshrimp-deadshrimp)×100/totalshrimp
*4PooledSEM =Pooledstandarderrorofmean(SD/√n)
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　 　 Diets
*2

Poolde  

 SEM
*3

CP33 CP38 CP44 CP54

Moisture Whole 78.31ab 77.00b 79.11ab 79.71a 0.44

0.25Edible 77.07a
76.60

a
76.02

a
76.78

a

0.18Crude lipid Whole 3.04a
3.31

a
2.22

b
2.54

ab

0.15Edible 2.01b
2.90

a
2.20

ab
2.17

ab

0.77Crude protein Whole 76.27c 81.43a 79.74ab 78.08bc

0.41Edible 91.76b 92.17ab 94.18a 92.75ab

Ash Whole 13.5
ab

12.66
b

13.17
ab

13.85
a

0.19

Edible 6.21a 5.90a 5.99a 6.27a 0.09

Table3.WholebodyandEdibleportionproximatecompositionof

juvenilewhitelegshrimpfed4differentproteinlevelsfor6weeks

(% ofDM basis)*1

*1
Valuesaremeansfrom triplicategroupsofshrimp wherethe

meansin each row withadifferentsuperscriptsaresignificantly

different(P<0.05).
*2Refertothetable1.
*3PooledSEM =Pooledstandarderrorofmean(SD/√n)
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Diets
*2 Pooled 

SEM
*3

CP33 CP38 CP44 CP54

Asp. 12.45a
13.89

a
14.19

a
13.03

a
0.35

Thr. 3.53a
3.14

a
3.40

a
3.45

a
0.10

Ser. 2.68a 3.09a 3.15a 3.02a 0.09

Glu. 10.41b
11.82

a
12.2

a
11.82

a
0.29

Pro. 3.93a 4.50a 4.38a 4.51a 0.12

Gly. 9.26a
9.30

a
8.86

a
8.40

a
0.24

Ala 4.85a 4.89a 4.76a 4.88a 0.06

Val. 3.37a 3.47a 3.64a 3.42a 0.05

Ile. 3.14b 3.35ab 3.33ab 3.48a 0.05

Leu 5.53b 5.77a 5.91a 5.86a 0.06

Tyr. 2.36a 2.25a 2.34a 2.35a 0.03

Phe. 2.93a 2.97a 3.27a 3.10a 0.06

His. 2.02a
2.11

a
2.04

a
2.1

a
0.02

Lys. 6.17a 5.76a 6.27a 6.63a 0.19

Arg. 6.44a
5.83

a
6.67

a
6.83

a
0.22

Cys. 0.77a 0.76a 0.78a 0.80a 0.01

Met. 0.50d
0.62

c
0.67

b
0.74

a
0.03

Table4.Edibleportionaminoacidcompositionofjuvenilewhite

legshrimp fed 4differentprotein levelsfor6weeks(% ofDM

basis)*1

*1
Valuesaremeansfrom triplicategroupsofshrimp wherethe

meansin each row withadifferentsuperscriptsaresignificantly

different(P<0.05).
*2Refertothetable1.
*3PooledSEM =Pooledstandarderrorofmean(SD/√n)
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Fig.1.Weightgain in juvenilewhitelegshrimp fed 4different

levelsofdietaryproteinduring6weeks.

Fig.2.Specificgrowth ratein juvenilewhiteleg shrimp fed 4

differentlevelsofdietaryproteinduring6weeks.
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Fig.3.Feed conversion ratioin juvenilewhitelegshrimp fed 4

differentlevelsofdietaryproteinduring6weeks.

Fig.4.Proteinefficiencyratioinjuvenilewhitelegshrimpfed4

differentlevelsofdietaryproteinduring6weeks.
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Fig.5.Survivalrateinjuvenilewhitelegshrimp fed 4different

levelsofdietaryproteinduring6weeks.

Fig.6.Broken-line modelofpercentweightgain in juvenile

whitelegshrimpfed4differentlevelsofdietaryproteinduring6

weeks.
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Ⅲ.Theeffectsofdietary PROTIDE® asafishmeal

replacerinjuvenilewhitelegshrimp,

Litopenaeusvannamei

Abstract

A nineweeksoffeeding trialwasconducted to evaluatethe

optimum dietarylevelsofPROTIDE®(PRO)asafishmealreplacerin

juvenile white leg shrimp, Litopenaeus vannamei diet. Five

experimentaldiets were formulated to be isonitrogenous (45%

crudeprotein,CP)andisocaloric(16.4kJenergyg-1 diet).After1

weekoffeedingtrial,quadruplicategroupsof50shrimpaveraging

0.15±0.02g(mean±SD)werefedoneof5experimentaldietsat

approximately 7% of wet body weight on dry matter basis.

Experimentaldietscontaining 20% offish mealwereformulated

with PRO replacing 0%,10%,20%,30% and 40% offish meal

protein (PRO0,PRO2,PRO4,PRO6,PRO8,respectively).After9

weeksoffeeding trial,weightgain and specificgrowth rateof

shrimp fed PRO0 and PRO2 dietsweresignificantly higherthan

thoseofshrimpfedPRO6andPRO8diets(P<0.05),buttherewere

nosignificantdifferenceamongthoseofshrimp fed PRO0,PRO2
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andPRO4diets,andamongthoseofshrimpfedPRO4,PRO6 and

PRO8diets(P>0.05).ProteinefficiencyratioofshrimpfedPRO0and

PRO2dietsweresignificantlyhigherthanthoseofshrimpfedPRO6

andPRO8diets(P<0.05).Feedconversionratio(FCR)andsurvival

rateofshrimpfedPRO6 andPRO8 weresignificantlyhigherthan

those of shrimp fed PRO0 and PRO2 diets (P<0.05),butno

significantdifferenceamongsurvivalrateofshrimpfedPRO0,PRO2

andPRO4,andamongsurvivalrateofshrimpfedPRO4,PRO6and

PRO8 diets(P>0.05).Therefore,theseresultsclearlyindicated that

PROTIDE® couldbeusedtoreplacethefishmealhigherthan10%,

butlessthan20% basedontheweightgain,feedconversionratio,

protein efficiency ratio and survivalrate in juvenile whiteleg

shrimp.
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MaterialsandMethods

ExperimentalDesignandDiets

TheexperimentwasconductedattheInstituteofFisheriesScience,

Pukyong NationalUniversity,Busan,Korea.Thecompositionsof

experimentaldietsareshowninTable1.Fiveexperimentaldiets

containingfishmeal,PROTIDE®(PRO),dehulledsoybeanmeal,squid

liverpowderand wheatgluten mealasaprotein sourceswere

preparedtocontainproteinlevelat45% attheexpenseofwheat

flour,soybean oiland fish oil.Five experimentaldiets were

formulated to be isonitrogenous (45% crude protein,CP)and

isocaloric(16.4kJenergyg-1 diet)basedoncalculation(Garling&

Wilson 1976;NRC 1997).Experimentaldietscontaining 20% of

fishmealwereformulatedwithPROTIDEreplacing0%,10%,20%,

30% and40% offishmealprotein(PRO0,PRO2,PRO4,PRO6,PRO8,

respectively).Procedures for dietpreparation and storage were

followed as previously described by Bai& Kim (1997).After

thoroughly mixing thedry ingredients,soybean oiland fish oil

togetherwith 30% wellwaterwereadded and furthermixed to

makeamash.Laboratorypelletizingmachinewasusedtoobtain

uniform palletsof2mm-diametersizes.Theformulateddietswere

storedat-20°C(Wetpellets)untiluse.

AnimalhusbandryandExperimentaldesign

Juvenilewhitelegshrimpwereprocuredfrom Tae-anhatcheryof

theNationalFisheriesResearch& DevelopmentInstitute.Beforethe
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startingtheexperiment,allshrimpswererearedina1000Ltank

andfedadlibitum,acommercialshrimpdietfor1week.After1

weekofconditioningperiod,50Shrimpmeasuringinitialaveraging

0.15±0.02g(mean±SD)wererandomlydistributedintoeachof20

plasticaquaria(30-L)andcoveredwithplastic.Eachaquariawas

thenrandomlyassignedtooneofthefourreplicatesofthefive

dietary treatments.Semi-recirculation system was used in the

experimentand waterflow wasmaintained at3L/ minutes.The

diets were fed to quadruplicate groups of fish to satiation,

approximatelyat7% oftotalbodyweightperdayfor9weeks.

Shrimp werefed 4timesadayat9:00,12:00,15:00and 18:00,

seven daysaweek.Totalshrimp weightin each aquarium was

determined every 3 weeks and the feeding rate was adjusted

accordingly.Watertemperaturewasmaintainedat27°Cbyusinga

heater.Dissolvedoxygenwasmaintainedabove6.0mgL-1,salinity

32±1psuandthepH 7.5±0.3,induringtheexperiment.

Siphoning wasdoneeverymorning in each rearingtank;dead

shrimpwereremoved,weighed,andrecordeddaily.

Samplecollectionandanalysis

Attheend ofthefeeding trial,allshrimp wereweighed and

countedtocalculatepercentageweightgain(WG),feedconversion

ratio(FCR),specificgrowthrate(SGR),proteinefficiencyratio(PER)

and survival rate. Proximate composition analysis of the

experimentaldiets,wholebodyandediblewereperformedbythe

standardmethodsofAOAC(1995).Samplesofthedietsandshrimp
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were dried at105°C to a constantweightto determine their

moisturecontent.Ash contentwasdetermined byincineration at

550°C.Proteinwasdeterminedusingthekjeldahlmethod(Nⅹ6.25)

afteracid digestion,and crudelipid wasascertained by soxhlet

extractionusingtheSoxhletsystem 1046(TacatorAB,Sweden)after

freeze-dryingthesamplesfor20h.Aminoacid analysisofedible

protionwasperformedbyninhydrinmethod(Sykam AminoAcid

AnalyzerS433,Sykam;Eresing,Germany).

StatisticalAnalysis

All data were analyzed by one-way ANOVA (Statistix 3.1;

AnalyticalSoftware,St.Paul,MN,USA)totesttheeffectsofthe

dietarytreatments.Whenasignificanttreatmenteffectwasobserved,

anLSD testwasusedtocomparemeans.Treatmenteffectswere

considered atP<0.05 levelofsignificance.Broken line analysis

(Robinson Norton & Baker,1979)wasused to testthe dietary

proteinrequirement(SASprocedureNLIN,1996).
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ResultsandDiscussion

Growthperformance

Growthtrialwasconductedwithoutinterruption,waterquality,or

anydiseaseproblems.Theexperimentaldietswerewellacceptedby

theshrimp;norejectionofthefeedwasobserved.After9weeksof

thefeedingtrial,weightgainandspecificgrowthrateofshrimp

fedPRO0 andPRO2 dietsweresignificantlyhigherthanthoseof

shrimp fed PRO6 and PRO8 diets(Table2),butthere were no

significantdifferenceamongthoseofshrimpfedPRO0,PRO2 and

PRO4diets,andamongthoseofshrimpfedPRO4,PRO6andPRO8

diets.ProteinefficiencyratioofshrimpfedPRO0 andPRO2 diets

weresignificantlyhigherthanthoseofshrimpfedPRO4,PRO6and

PRO8 diets.Feedconversionratio(FCR)ofshrimpfedPRO0 and

PRO2weresignificantlylowerthantheshrimpfedPRO4,PRO6and

PRO8diet.SurvivalrateofshrimpfedPRO6andPRO8dietswere

significantlyhigherthanthoseofshrimpfedPRO0 andPRO2 but

therewerenosignificantdifferenceamongshrimpfedPRO0,PRO2

andPRO4diets,andsimilarlyamongshrimpfedPRO4,PRO6 and

PRO8diet.

Usually,fishcanconsumefeedsmorerapidlybutshrimpareslow

feederand nutrientslossduetoleachingiscommonobstaclein

shrimpfarming.Induringtheexperiment,PROTIDEwasobserved

to be soluble in the water easily which is demonstrated by

decreased FCR,WG,SGR and PER with subsequentincreasein
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dietaryPROTIDE.Ontheotherhand,survivalrateincreasedwith

theincreaseindietaryPROTIDE.

Thefutureoftheaquacultureindustryisbelievedtodependin

partonreductioninfishmeal(FM)useinfishfeeds.Theongoing

trendstoreplacefish mealwith animalby–productsmealsand

plantbased mealsgaining momentum with a view to develop

“environment-friendly”feedscontainingtheleastamountofprotein

necessaryforoptimalgrowth.Severalstudieshavebeenconducted

toreplaceorreduceitsinclusionlevelinfishandshrimpdietsby

variousinexpensivealternativeplantproteinsources(soybeanmeal,

cornglutenmeal,soyproteinconcentrationetc)andanimalprotein

sources(meatand bonemeal,blood meal,feathermeal,poultry

by-productmeal,lysinebyproductetc).Partialreplacementoffish

mealinfishfeed(Baietal.,1997,1998;CarterandHauler,2000;

Leeand Bai,1997;Leeetal.,2002)andconsiderablesuccessin

partially ortotally replacing FM with plantprotein sourcesin

variousshrimpspecies(Lim andDominy,1990;Piedad-Pascualet

al.,1990;Penaflorida,1995;EusebioandColoso,1998;Sudaryonoet

al.,1990;Alvarez et al.,2007) has been reported.Complete

replacementoffish mealwith otherprotein sourcesreported to

producelow growthrates,especiallyincrustaceansandcarnivorous

fish,maybeduetothepoordigestibilityandvariablequalityof

alternativeproteinsources.

Inrecentyears,theconceptof‘functionalfoods’hasdevelopedin
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humanandanimalnutrition.Functionalfoods,whichfirstemerged

inJapan,havebeendefinedas‘foodsordietarycomponentsthat

mayprovideahealthbenefitbeyondbasicnutrition’(IFIC,2004).

Thepresenceofbiologicallyactivecomponentsoffunctionalfoods

can have an impact on health benefits or other desirable

physiologicaleffectsin addition totheirnutritionalfunction.The

term ‘functionalfoods’coversabroadrangeofproductsincluding,

forexample,DHA-andselenium-enriched eggs,selenium-enriched

pork,stanol-andsterol-enrichedmargarine,etc.Alsoincludedunder

thiscategoryaredietary‘probiotics’and‘prebiotics’.

Asanalternativestrategytoantibiotics,manyreportshavebeen

publishedregardingapplicationofprobioticsinfeedingandhealth

managementin aquaculture.A probioticisdefined,in thestrict

sense,as“aviablemicrobialdietarysupplementthatbeneficially

affects the host through its effects in the intestinal tract”

(Roberfroid,2000).Itshouldbenotedthattheterm hasalsobeen

widelyandincorrectlyappliedinaquaculture,andespeciallyshrimp

culture,toincludetheuseoflivemicrobestobeneficiallyalterthe

microbialbalanceintheculturesystem itself.However,becauseof

highcost,potentialimpactontheenvironment,regulatoryissues,

food safety and challengesregarding incorporation into modern

extrudedfeeds,large-scaleapplicationofprobioticsinthewaterhas

beenlimited.

Nucleotideshaveessentialphysiologicalandbiochemicalfunctions

includingencodinganddecipheringgeneticinformation,mediating
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energy metabolism and cell signaling as well as serving as

componentsofcoenzymes,allostericeffectorsandcellularagonists

(CarverandWalker,1995;Cosgrove,1998).Therolesofnucleotides

administered by feeding have been debated for many years.

Nucleotideshavebeenconsideredasnon-essentialnutrient,because

neitheroverriding biochemicalmalfunctionsnorclassicalsignsof

deficiencyaredevelopedinhumanoranimalmodels.Howeverthe

conceptionhasbeenchallengedbysuccessiveresearchpublications

suggestingthatdietarynucleotidedeficiencymayimpairliver,heart,

intestine and immune functions.Nucleotide supplementation has

been oneimportantaspectofresearch on clinicalnutrition and

functionalfood developmentforhumans.Therefore,ithasbeen

consideredthatstudyonnucleotidesupplementationinshrimpdiets

isanimportantissuetoverifyitspotential.

Obtainedweightgainfrom thesecondexperimentishigherthan

theobserved weightgain pattern in thefirstexperiment,which

demonstratesthebeneficialeffectofProtideon whiteleg shrimp

nutrition.Ourresultsareinfavorofseveralpreviousexperiments

reportedthebeneficialeffectsofnucleotideindifferentspeciesof

finfishes.

PROTIDE® containing2% ofnucleotideandgainingmomentum in

theongoingtrendoffishmealreplacementwiththeobjectiveto

developfunctionalfeed.Howeveranucleotidestudyofshrimpis

incompleteandbasic.Althoughinitialeffortsintheevaluationof

dietarysupplementationofnucleotidesforfishescouldbetracedto
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theearly1970s,researchatthattimehadmainlyfocusedonthe

possiblechemo-attractiveeffectsofthesecompounds(Mackie,1973;

Kiyoharaetal.,1975;MackieandAdron,1978).Worldwideattention

onnucleotideforfisheswasarousedbythereportsofBurrelset.

al.,2001a,whofound thatdietarysupplementationofnucleotides

enhancedresistenceofSalmonidsagainstviralorbacterialdisease.

Todate,research pertainingtonucleotidein fish nutrition has

shown consistent and encouraging results for fish health

management,although exact mechanism of nucleotides remain

hypotheticalandsystematicresearchonfishasfarfrom complete(

LiandGaclinIII,2006;Lietal.,2004a,b).Researchonnucleotide

nutrition in shrimp is needed to provide insights concerning

interactionsbetweennutritionandphysiologicalresponsesaswellas

practicalsolutionstoreducebasicrisksfrom infectiousdiseaseswith

aview toreducethefishmeallevelandreducethefeedcost.

Protidesupplementat2.5% levelhasbeenreportedtoreplace14%

of fish mealin diets for Juvenile Olive flounder Paralichthys

olivaceouswithoutgrowthperformanceorfeedefficiencydepression.

In anotherexperimentwith Red seabream PagrusmajorProtide

supplementat3-5% reportedtoreplacefishmeal(7-12%)without

anydepressionongrowthperformance.Resultsobtainedfrom the

presentexperimentareconsistentwithotherreportsforprotide,in

termsofweightgain dataindicated thepotentialofprotideto

replace the fish mealhigherthan 10%,butlessthan 20% in

juvenilewhiteleg shrimp Litopenausvannamei.Thecleartrend of

increase in survivalrate with subsequent increase in Protide
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supplementsuggestingtheefficacyofprotidetoreplacethefish

mealupto20%.

Proximateanalysis

Theproximatecompositionofwholebodyandedibleportionare

showninTable3.Therewerenocleartrendinthecrudelipidand

ashcontentsofalltheshrimpdiets.Intheedibleportioncrude

protein contents,shrimp fed PRO4,PRO6 and PRO8 dietswere

significantlyhigherthanthoseofshrimpfedPRO0 andPRO2.In

thewholebodycrudeproteincontents,shrimpfedPRO4,PRO6and

PRO8dietsweresignificantlyhigherthanthoseofshrimpfedPRO0

diet.Butnosignificantdifferencebetween shrimp fed PRO2 and

PRO8diets.Intheedibleportionaminoacidcomposition,Ser,Gly

andAlacontentsofshrimpfedPRO0,PRO2,PRO4andPRO6diets

were significantly lower than those ofshrimp fed PRO8 diet.

However,Val,Ile,Leu,Phe,HisandLyscontentsofshrimpfed

PRO0,PRO2,PRO4 andPRO6 dietsweresignificantlyhigherthan

thoseofshrimpfedPRO8diet(Table4).

Inconclusion,observedweightgainandspecificgrowthratetrend

indicating,PRO4 was the mosteffective dietamong different

experimentaldiets.While,basedonthefeedconversionratioand

proteinefficiencyratio,PRO2appearedtobethemostappropriate

diet.Protide supplementation clearly appeared to havepotential

impactinwhitelegshrimp nutritionand efficiencytoreplacethe

fishmealhigherthan10%,butlessthan20% (PRO2~PRO4)without
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affectingthegrowthperformance.Therefore,Protidesupplementat

10~20% can be recommended to replace fish mealin juvenile

whitelegshrimpLitopenaeusvannameinutrition,tomaketheshrimp

farming more environmental friendly and a better economic

enterprise.
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Ingredient (%) Diets
PRO0 PRO2 PRO4 PRO6 PRO8

Fish meal *2 20.0 18.0 16.0 14.0 12.0
PROTIDE® *3 0 2.0 4.0 6.0 8.0
Dehulled soybean meal *2 39.8 39.9 39.9 39.9 40.0
Squid liver powder *2 5.0 5.0 5.0 5.0 5.0
Wheat gluten meal *2 9.0 9.0 9.0 9.0 9.0
Wheat flour *2 14.9 14.8 14.9 14.9 14.8
Corn starch *2 4.5 4.5 4.5 4.5 4.5
Lecithin *2 1.0 1.0 1.0 1.0 1.0
Soybean oil *2 1.5 1.5 1.4 1.4 1.4
Fish oil *4 2.0 2.0 2.0 2.0 2.0
Vit. premix *5 1.0 1.0 1.0 1.0 1.0
Min. premix *6 1.0 1.0 1.0 1.0 1.0
Calcium Phosphate *7 0.3 0.3 0.3 0.3 0.3
Proximate   analysis (% of dry matter basis)  
Moisture 7.27 7.23 7.05 7.25 7.03
Crude protein 48.8 49.0 49.5 49.3 49.2
Crude lipid 7.6 7.3 6.9 6.9 7.2
Crude ash 9.0 8.8 8.5 8.2 8.0

TablesandFigures

Table1.Compositionandproximateanalysisoftheexperimental

diets(% ofDM basis)*1

*1
Feedstuffsnotmentionedherearethesamefeedstuffsasthe

domesticaquaculturefeedcompaniesareusingcurrently.
*2SuhyupfeedC.Uiryeong,Korea
*3CJfeedCo.Seoul,Korea
*4JeilfeedCo.Hamman,Korea
*5Contains(asmg/kg in diets):Ascorbicacid,300;dl-Calcium

pantothenate,150;Cholinebitate,3000lInositol,150;Menadion,6;

Niacin, 150; Pyridoxine · HCl, 15; Rivoflavin, 30; Thiamine

mononitrate,15;dl-α-Tocopherolacetate,201;Retinylacetate,6;

Biotin,1.5;Folicacid,5.4;Cobalamin,0.06
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*6Contains(asmg/kgindiets):NaCl,437.4;MgSO4·7H2O,1379.8;

ZnSO4·7H2O,226.4;Fe-Citrate,299;MnSO4,0.016;FeSO4,0.0378;

CuSO4, 0.00033; Calciumiodate, 0.0006; MgO, 0.00135; NaSeO3,

0.00025
*7Sigma-AldrichKoreaYongin,Korea



-42-

　 Diets*2 Pooled 

SEM*4

PRO0 PRO2 PRO4 PRO6 PRO8

WG*3 638a 647a 580ab 551b 547b 14.83

FCR*3 1.68b 1.65b 1.91a 1.95a 2.05a 0.05

PER*3 1.24a 1.24a 1.06b 1.06b 1.00b 0.03

SGR*3 3.63a 3.65a 3.49ab 3.41b 3.39b 0.04

Survival*3 72.0b 73.0b 77.0ab 82.0a 84.0a 1.50

Table2.Percentweightgain(WG),feed conversionratio(FCR),

protein efficiency ratio (PER),specific growth ratio (SGR)and

survivalrateinwhitelegshrimpfed5differentPROTIDElevelsfor

9weeks(% ofDM basis)*1

*1
Valuesaremeansfrom triplicategroupsofshrimpwherethe

meansineach row withadifferentsuperscriptsaresignificantly

different(P<0.05).
*2Refertothetable1.
*3WG=(finalweight-initialweight)ⅹ100/initialweight
*3FCR=(dryfeedintake/wetweightgain)ⅹ100
*3PER=weightgain/dietaryproteinintake
*3SGR=(lnfinalweight-lninitialweight)/days
*3Survivalrate=(totalshrimp-deadshrimp)×100/totalshrimp
*4PooledSEM =Pooledstandarderrorofmean(SD/√n)
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　 　 Diets
*2

Pooled 

SEM
*3

PRO0 PRO2 PRO4 PRO6 PRO8

Moisture Whole 78.07
a

77.03
a

77.40
a

78.08
a

77.37
a

0.19

Edible 76.69
a

76.49
a

76.75
a

76.96
a

76.70
a

0.07

Crude

lipid

Whole 2.86
b

2.64
c

2.70
bc

2.69
c

3.54
a

0.11

Edible 2.20
a

1.57
b

0.99
e

1.08
d

1.30
c

0.15

Crude

protein

Whole 73.76
c

73.94
bc

74.72
ab

75.22
a

74.42
ab

0.19

Edible 85.36
b

85.70
b

86.95
a

87.26
a

87.94
a

0.34

13.83ab 13.51c 13.66bc 14.00a 14.08a 0.07Ash Whole

6.92
ab

6.96
a

6.95
a

6.81
b

6.81
b

0.03Edible

Table3.WholebodyandEdibleportionproximatecompositionof

juvenile whiteleg shrimp fed 5 differentPROTIDE levelsfor9

weeks(% ofDM basis)*1

*1
Valuesaremeansfrom triplicategroupsofshrimp wherethe

meansin each row withadifferentsuperscriptsaresignificantly

different(P<0.05).
*2Refertothetable1.
*3PooledSEM =Pooledstandarderrorofmean(SD/√n)
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Diets*2 Pooled 

SEM*3PRO0 PRO2 PRO4 PRO6 PRO8

Asp. 12.06ab
12.47

ab
12.71

a
12.55

ab
11.88

b
0.12 

Thr. 2.88a
2.90

a
2.96

a
2.89

a
2.82

a
0.02 

Ser. 2.73b
2.65

b
2.69

b
2.61

b
3.00

a
0.05 

Glu. 12.28ab 12.40ab 12.76a 12.62a 12.03b 0.10 

Pro. 5.73ab 5.88ab 6.11a 5.97a 5.36b 0.10 

Gly. 6.25b
6.45

b
6.65

b
6.82

b
7.74

a
0.18 

Ala 3.03b 3.13b 3.20b 3.22b 4.75a 0.22 

Val. 3.63a 3.68a 3.77a 3.74a 3.36b 0.05 

Ile. 3.55a
3.53

a
3.63

a
3.64

a
3.23

b
0.05 

Leu 6.16a 6.18a 6.27a 6.28a 5.78b 0.07 

Tyr. 1.53a 2.66a 2.72a 2.73a 2.51a 0.24 

Phe. 3.49a
3.49

a
3.55

a
3.54

a
3.22

b
0.04 

His. 2.11ab 2.19a 2.16ab 2.08b 1.93c 0.03 

Lys. 7.11a 7.06a 7.21a 7.18a 6.65b 0.08 

Arg. 6.23ab
6.28

ab
6.41

ab
6.48

a
6.08

b
0.06 

Table4.Wholebodyaminoacidcompositionofjuvenilewhiteleg

shrimp fed 5 differentPROTIDE levelsfor9 weeks(% ofDM

basis)*1

*1
Valuesaremeansfrom triplicategroupsofshrimp wherethe

meansin each row withadifferentsuperscriptsaresignificantly

different(P<0.05).
*2Refertothetable1.
*3PooledSEM =Pooledstandarderrorofmean(SD/√n)
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Fig.1.Weightgain in juvenilewhitelegshrimp fed 5different

levelsofdietaryPROTIDEduring9weeks.

Fig.2.Specificgrowth ratein juvenilewhiteleg shrimp fed 5

differentlevelsofdietaryPROTIDEduring9weeks.
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Fig.3.Feed conversion ratioin juvenilewhitelegshrimp fed 5

differentlevelsofdietaryPROTIDEduring9weeks.

Fig.4.Proteinefficiencyratioinjuvenilewhitelegshrimpfed5

differentlevelsofdietaryPROTIDEduring9weeks.
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Fig.5.Survivalrateinjuvenilewhitelegshrimp fed 5different

levelsofdietaryPROTIDEduring9weeks.
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