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Abstmct: A feedl喝tnalwasperformed to lnVeStlgate levels of com-based DIStlllers Dned GralnS With soll血1es

(DDGS), a coIPrOduct of fuel ethaI101 manufactul喝, used as a nuhent sol∬Ce for Juvenlle Nlle tilapla

(OreochromlS nlloiz-g) Three lSOCalorlC (1 5 7j=0 7 MJ kgー1 dry matter), lsonltrOgenOuS (29 6±1 0% Crude

protein) expermental dletS Werefo-ulated to col-taln 20, 30 and 40% DDGS, a commerclal diet COntamIlg
flShmeal was usedas a reference dleL Glass aquarla (1 10 L) were stockedwlthNlletllapla (meanwelgl止-

6 7 g) wlthfour repllCateS Per diet Welght galnS, COnVelSIOn rahos and hepatosomatlC mdlCeS did not

slgnlflCantly d.ffer t光tWeen flSh fed 20yo DDGS and reference diets Dresslng PerCentageS Were Sm1lar amoI唱

flSll fed 20 and 30% DDGS and reference dletS, While no difference occurred ln PrOteln efficlenCy ratios amOr唱

dletS These results lndlCate that aqlRCultLu-e dletS mCO叩OratlI唱20% DDGS may produce sm111af perforTnanCe

results to commerclal diets Of s-1lar el-ergy COntent

Key words: DDGS,fuel ethan01, 0reochromLS mlotlCILY7 glass aquarla, Nile tllapla, USA

INTRODUC TION

Wlthm aquaculture cperatlOnS, diet COStS Can

account flOr OVer 50%　of production With protein

conlPrOmlSmg仙e most experlSIVe dletaTy COnStltuent

(Coyle ei al , 2004) Due to Its Well-balanced profiles of
amlnO aClds｡ fattyaclds, dlgeStlble energy, vltammS End

mmerals, fTISlmeal provldesanJmPOrtallt source Of proteln
ln aq1-1aCulture dletS End 15 commonly tBed ln most dletS

(AtdelghalW, 2003 7

However, researchers luve exammed numerous

altefmtlVe prOtelll SOIJICeS, due tothe rlSu唱COSt alld

un03rtam aVallablllty Of fislmeal sol∬CeS h･om ov er-fLShed

marllle Stocks (Coyle et al, 2004, Jauncey, 2()00,

Fontahll弘一Fer1-ldes eL al , 1999) Ol一e alLematlVe

proteul SOulCe aVallable for aqlRCulh汀e feeds IS DIStillelS

Dried Gran-s wl血Solubles (DDGS) (Web.qter et aL ,

19921 1993a, bl Wu etal, 1996, 1997, Coyleet al ､ 2004,

LuTl etal, 2006)

Less tha1- 10 years ago｡ DDGS were prlmalily

produced m bevelage alcollOI plants However, a maJOrlty

ofcurrently produced DDGS occurs as a ccproduct of dry

mill fuel e山肌Ol manubcturmg (Rosentrater　and

Muthukum訂aPPan, 2006) The -trltlOnal composltlOn Of

DDGS has chal唱ed over die years aS ethanol production

has grownand as technologyand processlr% teClm1queS

have advanced Cr〔mwell et al (1993) reported a crude

prot8m level of26 9% fTor DDGS while Lodge et aZ (1 997)

flOund crude proteln and llPld levels flOr DDGS at 29 2 and

1 I 4%, respecbvely Belyea ei a) (2004) analyzedDDGS

samplesfrom 199712(氾l and Indicated an mcrease m crude

proteln and llPld levels from 28 3 and 10 9% to 33 3 and

12 6%, respectlVely Slmllarly, Splehs ef ol (2002)

analyzed DDGS samples from 1997-1 999 and compared

these results to a sample from an older mid-westem

ethmol plant Results mdlCated higher crude protem alld

llPld concentratlOn-f 3() 2 and 1 0 9% when colnPared

agalnSt 28 1 帆 crude proteln Euld 8 2% cnlde llpld levels of

the older Samples All of these studies lndlCatean

lnCreaSmg trend ln PrOteln and llPld concerltratlOnS 111

DDGS as challgeS Occur ln fuel etlla1-01 prodtlCtlOn

Due tothe relatlVe aVallablllty, low cost alld lTutrlellt

composltlOn, DDGS may provide Eul ll-eXPenSIVe Protein

supplement to FOduce loWeトCOSt fleeds, particularly For

omnlVOrOuS SPeCleS Several studleS luve explored the

use of DDGS as a protein Source ln tllapla dletS and

lndlCated posltlVeperflOmlanCe CITaraCterlStlCS Wlthtlle

potentlal flOr mCludmg DDGS to replace frjhmeal used m

tllapla (OreockomLy SP ) fleeds (Wu et al, 1996, 1997⊃

Coyle etal, 20〔川, Llm eial, 2OO6) Most of吐le PreVIOuS
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studies however, used DDGS processed at beverage

alcohol plants, not fuel ethanol plants Because of these

earlier flndlngS Wlth t光Verage DDGS,there lS growing

interest ln feed manufactl∬lng VIS-a-VIS uSII唱fuel-based

DDGS ul tllapla feeds as well

For example, ClleVanan et al (2008) produced fleeds

contalnmg uP tO 400/o DDGS l娼1ng a laboratory-scale

extruder and found　that as dle ulCluslOn Of DDGS

Increased, resultmg feed qualltydecreased

Chevan- et al (2009) found吐Iat lnCludlng Whey at

5% of tlle dlet did help lmPrOVe Pellet quallty, eSPeClally

durablllty　AddltlOnally, Chevanan et al (2007)

uwestlgated the effects of die dlmellSIOrlS While

Chevanan et al (201 0) exammed the eftTects of moIStl汀e

content, screw speed弧d barrel temperature onthe

processulg l光rfon11al-Ce and pellet quallty Of tllapla diets

contalnlng up tO 40% DDGS Also, advancements ln

eth弧01 teclmology and processing have led to a challge

mthe nutrlerlt COnCerltratlOrB Of currellt DDGS, therefore ,

studleS WhlCh lnCOJTX,rated DDGS pr(㌍essed wl山older

methods may no lo咽er glVe an adequate descrlPt10n Of

DDGS mcllJSIOn ln aquaCulture dletS Thus,the

researchers conducted a fleedlllg trial to determlnean

approprlate level of DDGS, processed wlthcurrent

teclm01唱y Wh)1e atttBmPtlllg I.コmalntaln ade(Mate growth

and body composltlOn OfNlle tl]apla

MATERIALS ANDMETHODS

PL･eparf)一ion of feeds and risll: Three experlmentaldletS

were Emulated to colltaln 20, 30 and 40% DDGS wltha

comblnatlOn Of soybean meal Euld comflcur to obtaln

slmllar crude protem (29 6j=1 0%)and estimated gross

ellergy levels (15 7iO 7 MJ kg~l dEY matter, Table 1)

DIStlllers dlled gralllS With solubles were obtallled from

die Dakota EthanoI Plallt (Wel止wortll, Sou山Da上ota,

USA) Other mgredlentS (Table 1 ) were obtalned locally

(Ag Fu-st Fa-er's CooperatlVe, Brookmgs, South

Dakota)Asdescnbed by Cl混Vanan et al (2009), a Plastl-

Colder PL 2000 slllgle SCI-eW eXtruder (Brabellder, South

Hackensack⊃ New Jersey) wl仇a barreHe】唱仙dlaJTleter

ratio Of 20 1 and a sclew compresslOn ratlO Of3 1 was

used to pr∝ess diets Which were formed mto 2 mm

diameter Pellets, drled at room temperatⅧ'e, crumbled and

sleVed to approprlate SIZe and stored at 120OC Diets Were

analyzed for crude protelll LAOAC, 2000) and crude fat

(Table 1) Gross energy COnte･nt Of eEICh feed was

estmlated uSmg PrOXlmElte COmpOSlhon multlPlled by the

physlOl喝ICal fuel values of5 64, 9 44 and 4 ll kcal fw

protell鳩llplds and carbohydrates, respectively (NRC,

1993)
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Table 1 Feed ngrdlentS and proxmate composltJmS Q)ercer)t叫mder)

wl血estlmated Gross Energy (GE) Vahes Df experlmentaE dtets

eontalnmg DISr川ers a)ed Grans wILh solubEes (DDGS) and a

reference dld

DletS

redlmL5　　　　　　　　1　　　　2　　　　　　3　　　　　RefercICe A

DDGS

Scyb Can meal

c(m f]ourb

Menlladen rlShmeal

Cod lrver oll

Sqybean oll

Vltamln ml*

Muleral mlxd

20 00　　　30 00　　　　40 00

33 00　　　29 00　　　25 00

35 00　　　29 00　　　23 00

5 00　　　　500　　　　5 00

200　　　　ま00　　　　200

2 00　　　　2.00　　　　2 00

100　　　100　　　1 00

2CO　　　　200　　　　200

moxlmzILe composjtjon (%)

Crude protelr1　　　　　28 50

Crude rLpld a12

CTtlde flber　　　　　　　　3 72

30 00　　　30 JIO　　　　　36 70

879　　　1050　　　　　　5 90

365　　　　445　　　　　　3 21

Ash　　　　　　　　　　　　759　　　728　　　　730　　　　　852

DE (MJ k{■ dry matter) 16･50　　15･70　　15･00　　　　N/A

bRarlgen Inc Tilapla EXTR 350 Feed, b cargll1 505 Yellow Com FLour, c

LzLr)d O'Lakes, Cattle Vlta Pak vltamn A, 2,204,586 IU kg~1, vltamlrl D,

440,917 rU kgAl, vltamln E, 8818 IU kg~1 i.arid O'Lakes,Len Ga机

PremlX WJLysllle brSlne. 3 950/A calc)um, 19 1%, phosphorus, 8 40, sam,

ll 6. gekn)urrL 86 mg kg【1, zlnC. 3000 mg kg~ ≡ 10dne,146 mg kg~さ

vJtamln A, 227,072 IU kgLl, vltamlTI B12, 079 mg kg~】, chollne,

2 60 mg kg~1

Juvemle Nile tllapla (mltlal mean weight - 6 7 g).

obtalned fTrom M血lAqlm FISherl eS (Renvllle, MlrmeSOta)

were accllmELted to the conb･ol dlet for a　2　weeks

condlt10nlng PerlOd and then randomly (n - 7) stocked Ill

1 6, 1 1 0-L glass aquanapIIOVldlI唱four rq)llCate aquarla per

diet Fish were fed to apparent satlatlOn tW]Ce dally for

42 days Total lark welghts were measured weeklyand

ratlOl15 ad)usted EFCCOrdlI唱tO taZik weight ELnd amolmt Of

fleed collSlmed Tllree fish per aqtmrlum Were etTthanlZed

at the end of the b'1al to obtain Dressmg Percentages (DP)

and organosomatlC mdlCeS for comparlSOnS ThlS Study

was perfomled ln CCmPll町lCe Wlththe Souh Dakota State

Umverslty lnstltutユOnal Alllmal Care and Use CommlItee

〔#07 -EO1 6J

Culture system: A common blOIoglCal and mechamcal

filter system was used to reclrCulate water and malntaln

slmilElr Water quallb, among treatments Each aquamm

was supplled wldl reClrCl】lated water at an approxlmate

rate of2 L mln~l and cleaned wl山EE Slph0-1 When needed

A blower and aLrStOneS Provided contmuous aeratlOn

Water temperatures ln aquarla Were malrltamed at 240C

FolLbacked bubble lllSulatlOll Was l_1Sed to surrotlnd each

aquarium tO reduce temperatl∬e nuCtuatlOlュS and m mum lZe

dlSturbances A photol)enOd of 14 10 h light dark was

malntalned 【koughout the trlal Weekly measurements of

rutrate-111trOgen, mh-lte-rubogen and total ammollla Were

obtalned uslng a Hach DREL 2ntIn spectrophotometer

(Hach Company, Loveland, Colorado) Weekly
measllremenfs of dlSSOIved oxygen and temperatl汀e Were
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obtauled uslI唱a YSI Model 55 dlSSOIved oxygell meter

(Yellow Sprl喝S ImtrUment Corp , Yellow Springs, OhlO)

Performance metrics and statistical analyses: GTOWth

performance and feed tdlil12ntl- Were aSSeSSed by the

followll唱mdlCeS Welght Cam (WG) - i Oo丈 (他lalwelght

- mltlalwelght)/lmtlal welght), Food ConverslOn Ratio

(FCR) - weight of dlet fed/wet welght galll and PIOteln

EfflClenCy RatlO LPER) - wet weight gain/protem fled

(Wu ei al, 1996) FCR and PER were estmated by
determlmng山e welght of uleaten Eleed (estimated from

pellet cotmts) One hundred pellets per d】et were

randomly selected and weighed to detennlne血e mean

mass per pellet Pellet co.mts were done 30 mln POSt

feedu唱m each tal-k to allow satlatlOn feedl喝, PrlOr tO

pellet dlS mtegratlOn

The number ofuneaten pellets was multlPlled bythe

mean mass per l尤11et for each dlet thelt Subtracted丘-om

the total food fed to each tank Estimated consumptユOn

wasthen used to calculate FCRand PER CondltlOm Was

determlned usmg Dressing Percentage (DP) - 100X

(welght of dressed fLSll/welght of whole fish) (Lovell｡

1975) and也e HepatosomatlC Index (HSI) - loo x (llVer

welght佃hole body weight) (Strange, 1 996) ComparlSOnS

between mdlVldual expenmental dletS and ale reference

d】et were mdependel-tly aユ1alyzed usn唱　t-tests and

consldered slg1-1ficarlt at P<0 1 Systat (version 1 1 , SPSS

Inc , ClllCagO⊃ IlllnOIS) and MICrOSOft Excel (Once, 2003

EdltlOn, MICI OSOft CorporatlOn, Redmond, WashlngtOll)

software was used to perform all allalyses

REStJLTS

Mean WG (%1 0f Nile tllapla fed expermental dletS

ranged from 48 6-66 5% (Table 2) The highest mean WG

(6650/o) resulted from fllSh Lled dlet 1 and was not

statlStlCally dlfferent from仕le reference dlet Whlle mean

WG of fish fled dletS 2 al-d 3 Were statlStlCally lower Mean

FCR of Nile tllapla fed expermlentaldletS ra咽ed from

2 88-3 83 (Table 2) The best mean FCR (2 88) Occtmd ft)r

rlSh fed dlet 1 and was not statlStlCally different from山e

reference diet While diets 2 Euld 3 Were statlStlCally lower

MeanPER rartgedfrom 0 9911 31 (Table 2) The lllghest

me甜1PER (1 31) was observed for fish fled diet 1 wlth山e

lowest mean ratio 0ccurrll唱ln lllSh fed dlet 2 (0 99), all

experlmental diets Were StatlStlCally srrrular to the

reference Mean DP (%) of Nile tilapla fed expermlental

dletS ral唱edfrom 31 9-32 6% (Table 2) The hlglュest mean

DP occurred from fish fed dlet 1 t325%) and diet 3

(32 6%), nelher was slgrllfica此1y dlfflerent fromthe

reference diet

Mean HSI (%) rar唱edfrom 1 9-2 7 (Table 2) Bo血flSh

fled山e reference diet and diet 1 exhlbltedthe highest

mean HSI values (2 7%) and were statlStlCally smllar,

while fish fed diets 2 and 3 lュad statlStlCally lower mean

HSI values也anthe reference dlet

DISCUSSION

Resultsfromthe feeding trlal demonstrated that 20%

corn-based DDGS can be used as a suitable proteln

so､∬ce flOr use Ill Nlle tllapla diets Wlthout greatly

affectll唱PerfomlanCe Compared to a fisllmea1-based

reference diet, 20%　DDGS provlded statlStlCally

smllar WG and FCR (Table 2) These results concur wlth

Llm et al (2006) that 20%fu61-based DOGS can be

Included m Nlle tllapla dletS WldlOut SlgniflCantly afEleCtlng

overall grow山perfomlanCe However, Llm et al (2006)

stated that fish fed dletS C⊂mtaullng 30% DDGS had

slmllar WG, PER andFeedEfficlenCy RatlO (FERl asthose

fed a control dlet, Whlle fish fed 40% DDGS had

slgnlf]1Cantly lower WG, PER and FER山an血ose on tile

control d】et Resultsfrm the stlldy lndlCatethe same

trend except for fish fed 30% DDGS performed FXX'rerthBn

those onthe reflerenCe dlet LikewISe, HSI values mdlCated

thtthe use Of20% DDGS ln a.ets resulted 111 110 negatlVe

effects to Nlle tllapla COndlt1011, Whlle die use Of lngher

levels of DDGS may begln tO negatlVely affect condltlOn

and grow血(Table 2) Tothe knowledge, dus IS the first

study to llSe HSI values to Indicate Nlle t)1apla COndlhol-

ln DDGS fleedlng trials, dlereflOre,the researchers could

not compEu-e血e results to al-y Other studies

Several other s山dleS have flOund varyl喝reSults

when t】Slrlg D】⊃GS lnNl】e hlapla reeds Wu etol (1996)

1ndlCated 35% beverage-based DDGS dletS did not have

statlStlCally different WG and FCR from a reference

Table 2　M弧I Wel_All Ga】n (WG), Food C(Wv-･ on RahD (FCR), Proleln ELF.C･ency Ral10 tPER), Dresslng PERCmTAGE tDP) and HepatDSOmatEC Indlces

巾Sl) ofNl】e l'l叩Ia fed dletS COntalnl･,g me Of three levels (1 = 20% 2 - 30% and 3 = 4〔狩もl of dlStlL)ers drled gralrlS W】Lh solubles cr a refererlCe

dtel rw42 days･ Values are lrealrrLe.lt mearlS tj=SD) for叩erimefJtal ar∫d rere.℃nce diets

Di巾　　　　　　WO Ml F(R`　　　　　　　ptR､　　　　　　工や巾)　　　　Iip rや~_

;　　　芸…諾50…;*　　　………‡沼*　　　去…;:3謁　　　諾;絡　　…,7絡
3　　　　　　　　497(10 2)*　　　　　　　3 58 (0 m咋　　　　　　　1 04(023)　　　　　　326 (23)　　　　1 9(06)～

旦eferenCe'　　　　73p8 (16-31　　　　　　　2･53 (0･50)　　　　　　1･ 16 (0-21)　　　　　　34･日2L3)　　　　　2.7 fJO.7)

勺FCR - weldlt Of dlel fed/total wet ～､re.Ldlt ga･n, dlet fed E5l･mated by qubtract･ng uI-eatm pelleLs awl total f加d fed, bpER - ､yelght galn/proteln fed, proteln

托d esurnated by subb7ICtmgunEntEr･ PeHets from total food fedthen multlPbLng by crude proten, lRangen ln亡T■1ap'a E〉:n 350feed A鼓er'sks (巾〉 1mdlCate

trea【mel11 respOnSeS山at slgnlflcantly dlqer (pく0 1) flCm the reference dlet
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diet, however, the study shows cont17lStlI唱reSUlts

wl血WG and FCR bothbemg slgnlficantly dlf6erent from

a commercial, reflerenCe diet ln a followup study ty

Wu et al (1997), WG for a diet COntamlng 63% beverage-

based DDGS Was slgruficallt】y lowerthan die COntrOl dlet

whlle FCR and PER values dld not diftler Slmllar to Wu,

the study showed dlat hlgher amounts Of DDGS (30140%)
resulted m decreased WG wlllle FCR and PER were higher

and lower, respectlVely liowever compared wlth the

results of Wu el al (1996, 1997), the stlAy mdlCated

poorer l光rfoZTnanCe Coyle et al (2004) follnd山at Nlle

tllapla fed a comblllatlOn Of 30% DDGS (+ 8% fLSlmeal)
did not slgnlficantly differ ln grOW山perfomance from a

refen-Once diet While flSh fed a diet COl止amlng 30% DDGS

(+46% soyt光an meal) hd slgldlCantly lower WG andPER

alld s lg】11ficalltly 】11gher FCR

Thefeedlng trial used a diet COntalnmg 30% DDGS

(+5% fLSllmeal and 290/o soybean meal) and Indicated

growdl Performzmce was stat】stlCally dlfferentfrom dle

reference dlet Wlthgrowthperformance being lowerthan

observed results by Coyle et al 12004) These

dlSCrePanCleS lnperformance between studleS lkely

resulted from the use of dlfferlng DDGS sources, smaller

Nile tllapla丘y (lnltlal meELn Welght- 0 4, 0 5 and2 7 g),

hlgher protem concentratlOnS and dlffererrt comblnatlOnS
oflngredlelltS by Wtl etal (1996, 1997) alld Coyle etal

(2(04), resultlllg m higher rehtlVe grOWthperformance
compared to Nile tllapla (-tlal mean welght - 6 7 g) used

ln the study More research on the ～,pe and comblnat10n

of coILStltuelltS IS needed to detennme those lngredlentS

tld ccmpl-eZTt DDGS by lnCreaSlng grOW血perfomlanCe

Dresslng perCelTtageS Indicated slmllar condltlOn Of

Nlle tllapla fled 20 alld 40% DDGS to die reflerenCe diet

Webster et al (1993a, b) reported slmllar results ln

challl-el catflS h (IctalunJS PunCtatWl fred dletS COntaln】ng

10, 20and 30% DDGS However, Webster et aZ (1 992)

foundthat charlnel catfish fed a 900/0 DDGS dlet had a

slglnflCantly lower DP m catfish fed dletS COlltamng 0, 35

and 54 75 0/o DDGS butwhell 0 60% 1yslne Was added to

the 90% DDGS dlel, DP became slmllar across treatlrLentS

Futl∬e StudleS 】nCOrPOrEltlng DDGS ln the diets Of Nl】e

tllapla Should determlnLI DP to provlde another metTIC

which Gal- thell be compared across studleS

It appears山at current process111g teChlnqueS Of fuel-

based DDGS do not yet plOVlde ally SlgmflCallt berlefltS

over older beverage-based DDGS tlVell thollgh studies

have shownthe Increasing trellds lll PrOteln and llPld

levels ofDDGS (Splehs etal, 2002, Belyea etal, 2004)

W111Ch should be beneflClal to aquaculture dletS, ale

cullellt Study uldlCated that flSll fled lower levels ofDDGS

(200/D) had smllar grow山responses as山ose fed a

fLSllmeal-based commerclal dlet, Wlllle studleS uSlne Older
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Table 3　Avq耳geperCmI cmlpOSA]On arld mlnOaCld profiles offueLbased

DIStl11ers DrJed GraLn Wldl So】ubles PDGS) and DDGS used Ln

LhES StUdv

orkd vah]es (%

86 2-93 0

268-337

0 9-12〔0

0 4-0 BOO

O611 000

09･1 500

2.44 000

05-1100
0 5-0 800

1 3-1 7(巾

08-1 300

0 210 300

08-1 000

1 3-1 SOO

l8

18

46

10

02

16

14

3 5-1280

2 0-9 800

392-61 9

54･10()

24 2-398

4 7.5 900

33 a.54 0

25 01513

8 0-2100

Pr叩ertV

Dry matter

CrtJde protem

Arglrilne

CYstLne

HIStldlLle

lso】 euCme

Leuclr)e

Lyslrle

Medl】Onlrle

Pherq lahnne

ThTeOnlne

Tryptophan

Tyrosme

Vallne

A laTlJne

ASpartlC aCld

GLutamlC aCld

Gb,lme

Hy droxyprolne

Prollrie

SerJnEL

Crllde lpld

Ash

Carbohydrate

Crude fiber

Total dleLary flber

SlaITh

NltJT'gen Tree extract

Neulral dekrgmt fliber

Acld det耶Ent flber

orted values (%)b

9530

27 90

1150

396

660

5000

ARosEntlater and Muthukumzmpparl t20咽, Fuel-based DDOS (Dakota

EthzLnOI Plant, wenhvoLth, SouthDakota, USA) used Lrl Shldy

DDGS had sunllar results uslllg lngher amounts ofDDGS

(>35%, Wuetal , 1 996, 1997) Some potential explarlatlOllS

for　吐IeSe CO11止adlCt10r迅　COuld be that llt】tmtlOllal

dlfFerences between older and cu汀ent DDGS may be small

enough山at performances differences become lost lnthe

experlmental error and var1atlOn that occurs during fLSh

fee d111g tl lEEIs

The s1-1F[ from bet erase-based to i.ueトbased DDGS,

along wlth advallCementS 111 teClmOlogy alld processmg

has led to lllCreaSlllg Shlft lnthe overall nutnent

composlbon of DDGS Nutrient COntellt and quality Of

DDGS can dlffler between ethELnOI plants, die qualltyof

the raw com gram and processlllg COndltlOnS COntrlbute

greatly to山ese dlfflerellCeS (Chevanan ei al , 2005)

Compared to corrt, nutrlerLt COnCentratlOnS ln DDG and

DDGS apl∬OXlmately trlpled due to血e fermentatlOn

process but the ammo acld profile of DDGS remalned

slmllar to whole com and lS retalnedthrough the

flermelltatlOn Process (Cheva工血I et al , 2〔)05, Table 3)

However, overheatmg ln tile PrOduct10n Process may

lead to a reduction m aVallable lyslne and partial

dest-coon m cystlne, therefore, other mgredlentS rlCll ln

amll10 acids must be added to balance the amlnO acid

requlrementS Of fish LChevanall et Ol , 2005) Fuel-based
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DDGS do provlde an adequate source of vltamlnS and

mneralS (Herbampf and Pledad-Pascual, 2000) Compared

to raw grEull, DDGS has a mmlmumthree-flOld mcrease ln

nboflavllt nlaClll, Pallb払enlC aCld, follC aCld and chollne

SlmikLrly, DD(‡S can provlde mmerals wltllm a diet,

however,血ere lS Wlde vanatlOn m the mmeral colltent

of DDGS Gellerally, DDGS provldes an adequate sotqce

of phosphoms while calclumlS low (Hertrampf and

Pledad-Pascual, 2〔沿0)

CONCLUSION

In this Study,the data mdlCated dlat 40%fueLbased

DDGS canbe Incorporated Into die dletS Of｣uvenile Nlle

tllapla, however, 20% DDGS should provlde the highest

grow血resIX)rue mC･re Closely related to comlnerClal dletS

SupplementatlOn Of DDGS as a prlmary PrOteln SOl∬Ce

may provlde aquaculture operations Wldl a COSt effectlVe

substltute王or fishmeal

Future research should flOCuS On SuPplementatlOn Of

other lngTedlentS m addlt]On tO DDGS to Increase

consumptlOnand growthperformance
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