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ABSTRACT

Global shrimp production has steadily increased and is currently one of the primary users of
fishmeal(FM). At the same time, Global fishmeal supply has reached a plateau, with demand still
continung to increase resulting in reduced availability and increased prices. From an economic
standpoint, it is important to look for cosdffective protein sources from a variety of plant and
terrestrial animal sources as replacemémtsnore expensive proteirstich as FM. This study was
dedicated to exploring the usage of alternative protein sources which included two conventional yeast
products (BY50 and BY70), corn processing product (CPC: corn protein concentrate), €nzyme
treated soybean meal products (SB& protein concentrate), grain processing product (HPDDG:
high protein di st iprotluets a salmdnrproeessingg(8M anad HiSMasalishon b y
meal and hydrolyzed salmon meal) as potential protein source to replace FM, CPC or SBM in
practical shimp diet. A series of 5 independent trials were conducted to evaluate those listed products.
The first study results indicated that 1380g/kg BY50 can be effectively used in shrimp diets as a
replacement for FM, or up to 240g/kg when replacing SBM. #althlly, adding 20g/kg of BY70
does not cause impaired growth performance for the shrimp fed with low FM diet. Under green water
conditions in the presence of natural foods, the second study results indicated that HPDDG is a good
protein source and up 0 or 15% HPDDG can be used to replace CPC or FM in practical shrimp
diets. The third study demonstrated that t82abr 138 g/kg of CPC and SPC (1:1 ratimaybe used
in the diet of the Pacific white shrimp replacing 50 or 75% fishmeal in clear anul\geder under
high stocking density and low salinity culture conditions, respectively. The fourth study results
showed that up to 100 or 50% anchovy meal can be replaced by salmon meal or hydrolyzed salmon
meal without causing impaired growth performanoebbth clear and green water conditions,

respectively. The following up fifth study results indicated that the growth performance of shrimp



has not influenced by HSM up to 60 g/kg to replace 50% of the SM in practical diets; however, higher
levels resultedn significant decrease in performandgasedon those results of those studies,
potential protein ingredients like BY50, HPDDG, CPC, SPC, SM and HSM can be used in practical
shrimp diet as aeplacement for FM, CPC or SBM. With the shortage of FM andxparsion of
aguaculture production, it is necessary for us to evaluege tidternative ingredients and determine

the optimum inclusion level to promote sustainable and economically viable aquagtdtluetion
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CHAPTER |

Introduction

Paci fi c wlhiittep erhadursp voanren aonfeit he most | mpor
t hat is widely cultured i n the world. It has
tolerance under a (AmggpapfDasitoki RgRdammsalt 286
wide ramgeée yof whakh make it posssalbilnee twoa tceurl tausr
ionic profil(eRoiys eda p mrRegcr a2a0tledy ) the culture of
expanded to account for 80% of WwWp7r8d@d ERAQMMS
201a8nNd was estimated to incre@Bankby 2AD3 in tF

With this rapid expansi on o fefsfhercitmpv e rpordoutcet
continues to increase since there i s(XoQisu,deH
Tian, & DA.Dd&wies,di2@B8)y protein requi-Bémenhd o
mai ntain opti mal growe hn asdut e mosti shmadl pr
for approximately 25% cost in the commercial s
and the most expensive protein ingredient. Fi:
source, essential amino acid and indispensabl
vitamins, chol esterol, a n(dsS asnoonteh ay n iDdaevni tsi, f i Seado

200Q04)However, gl obal supplies of fishmeal ( FM)

has foll owed a fluctuati ngdebnmand eccdn tnii muge st rteon ¢
makes It more expe(nhBAQ,e. 2208 H ,ersest easvsaa rlyabtle r e
fi shmeal and replace it with other more econol



There are a numbemar ionfe marrgrnediannd snoonr i gi r
fisheries andtaat m@lanppocensimagly serve as r
fegdcssuo et al ., 2018; Guo, Qiwu, Salze, & Davis
2018; X Qiu, HY Tian, & DRAiBa.viXxhlyIeDaln ; meSaolo Ki
regarded as the most nuteffieocbhalveypvateabl sop

shrimpGlheea@dt ,alsinc2018)x acceptable amino acic

digestibility (aAwmdayrae aesto ndalvod neS Bold@icyeb e used at f
there are still some potenti al probl em whi ch
insufficient ddvVaae nteitaglapaomirmd @dbcitdcabi | ity and p

fac(Buarez et Namerof2609judieybdaar emealpoadmhii nd
ingredient can be used to r eplAamaey af ieshnadal, i2n
Dominy, 1990; SookyMenagn weh iDaev,i st,he2rOel 1ar e sti | |
|l ess tolerant to the high | esY&ranofspl Makkamesg
20Q1) Additionally, i n t he past decade,

(https:// www. indexmundThuwe®,m/ nowmeb dsp rnouvesets gl engd t

SBM to i mpr oowfesmMai bahien iaagquatiienmtfseed. Meanwhi

to find novel afgter meatpilvae ep rextpesinnsri evceu cper oft eed ch
i mprove feed utilization in aquatic feed.
As the industry continues to develop, i ngr

nutritional( Roaslsue Jof, NBMvc omb,Th& sGatnlcil nudlelsl ,t hz
protein concentrates usi nbga sveadoiltaegshaesse p avrha tciho rc
nomr otein components and produce a range of

6509/ kg) such as soy protein concentrate (SPC(


https://www.indexmundi.com/commodities/

me gIBarr ows, Gayl or d, Stone, .& Gompgar, e d20wWi7t;h T
sol vxntracted SBM, t hese productldtlyavaigemsef ibt
favorabl e AA profniulte ian d chBoreaaegsok samtli. , 2009
20Q7)Further, high nutrient density means a |
opening mérmaegsp&aoe Buent el.l oMa nZye nsgt,u d& eDsA Ostso, w €
fi shmeal could be replacedDey-stbBRERODIRGO@Lt ali enp
studies research on using independentel ysCPCmc
information about a combination of CPC and SP!
could provide a complimentary adlvane &dger.otUsii mg
mai ntain a balanced amilnoshadind pdriceftisl,e einrhap
simultaneously improved digestibility.

Ot her byproducd sp&btierad gnaindwith s-ol ubl
product of the ethanol di still ergngindasdlrtyer ma
soybean meal ( SBM) o(nRoay peetr.Tahmei,tc o2o0p0ads)e it m olna ® if
nutrient source offers protein, i pid, phospl
growth performance anVeéasltsdi dwemlhe Goodgiame,
DDGS has been widely used to replace fishmeal
species inOredichgpiChkatpviiaj i t kul , Davis, ,& Linm
chamcmalFcsadl urué¢ Mpubhtt aRobinson, LOmer YAkd&y L mmc
& Kl esius, 2009; ,Rokidnsd@aw&rcdayde8®BGacaai dat
Davi s, Rouse, Ghaannadwit,h e& PSaacoiufdi,cv 2a0hiXa)aais Qir u mpT
& Davis, 2017, Rhodes, Yu, Zhou, & All en.Davi ¢

Considerabl e research has demonstr-A40%dDDGRtIi o



shri mpcachi eatescicepéeé abl e gr owt h, S @Ardveidveg li, eatn dalf.

Rhodes et al ., 2T0hle5 ;hiRjohy pefto taair. eHIBPDOROEE)E Her n t F
study is a processing variation|ltoowelpveduoédct
(5.5%) and |l ipid (3.11%) product, which makes

about the efGiparoguof BwnoHP®Pl ace FM or corn p
green water is |imited.

Besi des, defatted mirerfdallegdae shi dmadserfirad malyi
highly controlled productiondsytss eans o hganieaep:
al so become new al t(eGannahb e dvgea df oe, e-BR earnngStnbtpleeze p t &
Creda8rez, 2®1Ggener al , they have good nutriti
consistent suppl.y, Yaanddt raesa saeanal blk iem rportodciers i 1@ u rec
more affordable and has attr a(cheerdPednxhtae n s\Viveei r
Tavarela, DelIyadGamhoal . , 2016 ; P. Li et al .,
2017)HowamvV g¢gr ,a few studi edss hyaevaes te vparl oudaut cetds barse we
shri mp( Gaerebdesh gado et al ., 2 OPIr60;d Bt & nda vBeYs7,0
t wo ki ndpsrootfeihs ghhreeavsdr products designed to coc
protein,y rckesrmpiecdd vieys nyi asntgh@m @ mwyea)e swictehr eovti hsd ra
prot@umrsehnetrley ,i ¢ | i mi teead mrro chwc tdsat rau torni ttihon al

Besides plant asdmsei agli ematepadyypideabdse s @ pl ae & M
f ofrM or SBM in aquatic feedTfiah2piéduaédoand:
aquacul ture were estimated to (hRA® b2xENS)Nsead
shell fish are processed to different degfees |

prodibeseorbgucts canmatmabef acaeaed botr epur posec



nutritious ingr eldOlesneens & oTro papnei,ma2l 0 1f7e;e d&l.sen, T
Due to their protein content, amino acidtpeastki
alternati veprpagodeetilnexwtouos gteisons f(oSra naogcuhaac ueltt uarl e
Hence, one way to expanpgrothei avaolrbeddi gt 0df o
processing of marairoeet émnmsthi spacdied. wHeqphedutche
me al s (e. gpr osdaulcrhbo nmebayl s ) i s anot her alternat
manufdcsbremp feeds, as the nutrient profiles
regardl eg¢8aof owr &gWhnEse@albdiug®83) al so can be p
hydrol ysates technol ogypr ovmhuccths ctaon shmyadirio | yeetd

acids to @EbpegetiRalteipplBlodbdg suggestpeddiultats fci

be successfully wused as a protein sour(cAd it o
Gheyasuddi n, Zaher, Hossai n, & |1 sl am, 1994, C
2016; Ramasubburayan et al, ,wBD&B; aRedwamods nr
appropri at e -plreovdeulcst so fd rfeibsenn Bbeyv ei al ef fects for
However, there is |imit information about app

products as compared to menhaden and anchovy
t wof fdenpgr ocessi ng met hodswe reex tervuadl egda tagnddi, nf oarsmebdi)
neutralize pH to improve the wutilization of h

The tenm goal of this study immentbhalrleyeil oipa
feed formul ation based on economilalvaéadryn®dmeogdu
purpose of this research iIs to evaluate the u
diets for PaclhfivanWmhmee spleci mMmpc objectives we

response of shrimp to different diets:



1.

2 .

To

To

protein

n

n

3.

To

eval

uat e ®Dyhea setf fprcatceyi m fs dureovees si n pr

evaluate i dhipdogednnBpOpHBDBGHri s hme
concentrate (CPC) in practical shrimp
evaluate CPC and soy protein concent

practical

4 .

To

eval

practical

5.

To

shrimp diets.
uate the effi calcnyon fmesaall neosn nneeva | p

shrimp diets.

determine the suitability of hydroly.
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CHAPTER Il
USEOFHIGH-PROTEI N BREWERGO&6S YEAST PRODUCTS I N PRA

THE PACIFIC WHITE SHRIMP Litopenaeus vannamei

Abstract

Twowéek growth trials and a digestibility
breweyeacttiicrmlprsaari mp feeds. I n the first gro
2409/ kg) ®fyaadtrewRY50) were used to replace f
DisbBYO, DBYG6, DBY12, DBYULBMO ,DBYRMG6, abiNiIDA et C
LFM24, respectively. The results showed no si ¢
retention efficiency and feed conversion ratic
gain were shown in th&hé&Merwps acemsengniskercanst
performance in the SBM replacement series. The
DBY12, DBY18, DBY2HM d4diFeM0 @onrdt ai miomwg 20g/ kg of
DBY70). exhrwinph fDi et DBYO exhibited significal
gain than those offered the Diet DBY24. Nutri e
and signi fi ctamak M. fhR egshuel rt st hi-ahddG gc/akdge dBahich e é 8D e
used in shrimp diets as a replacement for FM,
Keywokidsopenaeusf vahmemkirepl acement , & oywydasatn

product, growth trial,s apparent digestibility

15



1.Introduction

Gl obal supplies of fishmeal ( FM) have reach
making it more expehAOyVve2 @b@&) | ecslsvarntaidxtbrd &ct e
( SBM) as a protein sodwrctancedt het mriesmtl t prodf il
expandabl e production, avail abi(Amayai nDlaai ge
2007; Samocha, Davi s., Hoaweuvde r ,& sDoenBea udits,a d2voa0mt) a
in shrimp and fish feed, i nc( Mai ngt | awr ¢de@@06
anmutriti onkilasf aectt oaale.d, 120m0%X)ed 4 \Bai8lrelzl eetphads
Thus, it i's important t o expleofrfeecdti ver, prustte
environmentally friendly to reduce feed Qast
& Davis, 2017)

Yeast biomass -pgrsotnesitn opnrloyd uac thibgunt al sob-a solL
glucan, deacyl ated chitin, nucl ence acfi dselod nig
vitameatsesoupe, 2007; Si wi c.kiAddAndg ryseoans, t & oOR utr
shown to both i mprove growth per f ommentaanbcoel i and
aqguati c Gantiensaolusp enu BlD&®r7)of studies have demons
a protein source in diets for a varietympof agq
Litopenaey GCamderhagmeaio, -DRerzn S M\dpezz p-S& 8Crewz 2016
& Davis, AaB81T7rnrl i anChedag!|l gwa@dMazgitinidbdae¢ tyseden

sea [biacsesnt rar COUFelbadr& xGon,- aa vdRsc,oBi@@E h)Yt r on C &

~

Lunger, Craig, & MclLean, 2006)
The nutrient composition of yeast varies con

conditions. A conventionalr&sy eyaSsats tphraa dhwnoytc elss ecd
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which coat7r2ign K g3 96 (cQaubda I ptiw b e i&n BSQ@A0 bi ¥amada

Sgar bi er iBY52000a5n)d BY70 e@mrettewd Hyireradss r opfr ohdi ugcht s
contain 500 and 7009/ kg of crude prédt giemst r
(Sacchar omyc)eswictehr eovtihseiraepl ant protein

Few studies have yeadtuapredkimda etaveasn na slhmraenp f
(Gambebhgado et al ., 2.0 1Ac;c oQiduia mdgil Dgap\r i¢ s, @ N2t Thize)

tested products nutrsGenenal hgabuecenoshyempt c

1257%$/ton) is cheaper thaRmtRMapad7vyahuaoh) &b
Reaney; (B6a8¢ it may be a vi abHoeweavlietrer ntahtei vree
of soybean meal with yeast allows for a bett

composition of the diet as compared to those
more expensi ve ytemasn gaywaecH snhaawlunoitents found
and hence may be a better alter mwatsiove.vaThar e
utilizatissonyeadastbraesverrepl acements for FM whi 68
shriLmp, anmnm&aeit er mi ne the apparent ditgoestthiobsid i

FM and SBM.

2. Materials and Methods
2.1. Experimental diets
Two broewemngducts with yeast designedY50 aodt
BY70) wer e obt ai.nedmnferram Ctohmgp aly, Cincinnati,
ingredients were |l ocally sourced. The -ps)pxo0oima

the primary ingredients armubbhbowd ta bhabl soliprg

17



|l i pid) and isonitrogenouiss (B&9dgs k@gTablueaedpr oT
proxi mate scobomplhsi¢xpari mental diets are presel
exper idieemttsa,l graded | evels of BY50 (0, 60, 1:
fi shmeal, which were designated as DBYO, DBYE€
second series of experiment diets usdeédkgyr aded
repl acement for SBM, which were designated a
respectively (note that DBY18 was used in bott
by supplementing 20g/ kg BY70 to replace SBM.
Diets wedebprepaongdpdey ingredients in a foc
f olrD1 5ni nut es. Boiling water (ca 40% by weight)
consistency appropriate for pel lwattihmga. dBDeet $h
moi st pellets were then placed into a forced .
content of I ess than 100g/kg. Dry pellets wer €
(20 AC) untilheneedgegdk.di £Inlt st and diets were ana
Agriculture Experi ment Station Chemical Labo
composition and amiap daabdeptoédande3d3)g/ kg as
2.2. Experiment procedure

Two ¢dr otwti al s were conducted at the E. W S

whit e shlrairnvpaep owsetr e obtained from Shrimp | mprc
and nursed in an indoor recircul ahiedgasyapemoyg
size for research. In the first trial, the fi
the first trial, a second trial was conducted
DBY70. Il n each t(riindlt,i ajl uwrerainl eves lgrhitm® . 1 7N0. 01

18



wer e -shoarntded t o uniform siz4€ agdaraadoml 08Lock
10 shrimp per aquarium or 30 shri mp peorvetrana.
42May period.

During the growt h-fterdi dlojurshriimaps wearid yharsd ng
that i s based on historical results. I n gener
doubl e their wree ghrtame etkHypaphyowidt &8 a feed co
of 1.8. Shrimp were counted once a week to adj
shrimp in each tank were counted andhwei GERdat
weight gain. After wei @hiimgianduaduwsntpienrg ttame s
and f rio2200€nfat whole body samples to be utiliz
protein content ofnedobyg Dodpswasmbaséer mn met
rapid N cube, Villeurbanne, France) .

During the growth trials, di ssol ved oxygen (
twice daily us-pargamety&t ©6B86t muihgesn,t GH.Bhig 8 A)e.l |
was tested twice weekly using a waterproof pH
Total ammonia nitrogen (TAN) and nitrite were
byol orzamm3p @a®66) (rle9s7ple)c t | medDyO., It re mipreir alt ux e,

TAN, and maitntaenedrmgt', 5 285 08464789 7N 304 3\ pop.t1
0.16 N dané8&mg. anig 'Nir € s Pdct i vaneywbnO, nt e mpead at2yr e,
pH, TAN, and nitrite weg'a i ndt30iA88dNaD. a4p9t
0. 44, O0m@LY aMh d0 .02 3Amg 'Nr s ®S8cti vel y. Water quali-t
were suitable for nor mal growth and survival

2.3. Digestibility trial

19



The test diets were produced by suppl ementi
formul ation of the reference diet and the pro:
in Table 4 and 1, respectivegl kg @GIsr cami ci neexitd
digestibility trial was conducted in the afor
(mean wei@Htog). PErNaquarium with six aquari a
startedday ta®tcgictdan Baeri od to the test diets. To

cl eanednibryg sh eofhmr e ealceharfiereg,i ntghe Adhreirmp wer e

and then about one hour | ater f eedngwaosh OrBecrmao v e «
mesh screen, with the first collection of the
and col | ec tdeady opveerri oad foirveunt i | adequate sampl

feces were rinsedriwdd hatdi 35AC| endt iwlatar const an
freex®AC) until analyzed.

Apparent digestibility coefficients for dry
chromic @xi He@g/(Kg) as an i neand mammrgreedi eSmtrmsp | vee
constant wei ght at 95AC to determine dry wei
determined-Kpbegldad( Mme&kbddazadhr omd4a42n) was det e
met hod as MeGicmrnibedarhd. K&sbsageh@Bgyp)of diets
anal yzed -wi ¢hoab&mmi cal ori meter (Model 6725, I
Amino acids were anal yzCod ubmbi @dni Agrrdictuy t afr e Mi
Chemi cal Laboratory.

The apparent digestibility coefficients (AD:
were calcul aCla, aSfilciomgle m,gaarod oBd wlwesy (1982)

ADC of dry matterOf w) fee@Pnif gCO8O)] (Cr

20



ADC of nutrient/slidri e e@elyadcad)%r =f ec al nutrie
/ di etary nutrient or energy]] T 100
ADC of the test ingrediBRBunrnreawas&: Hwumd,cud ;&) a

ADC ( %) = A(DACDAD C) I 0. /L RBUtNutr
TD TD R RD I NG

Wher etpABCt he appiarenof dilgesnhutiilents omwrpener

is the apparent digestibility of mwmpubrié@aetauor
or energy concentration g nNeni s thtehe RDnhutrared
the energy concentration in the test ingredie
2.4. Statistical anal ysi s

Al | data were analyzed wusing SAS (V9. 3. S

Ssubj eot ewdye anal ysis of variance tRh<O0dedtzmam e

treat ments, f®solmMudwedplbey cTounkpeayr i son test to det

means. | nde pPetnedsetnst wsearnmep Ipeesr f or meld wiot cobhipatr eDB
trial 2. The pooled standard errors used acro
t he same. Ldm etalridres epohgnomi al regressions we

relationship bwdlweefn BYW20 ddared atrlye lreesponse var
the most appropriate reRvwalsisd omf mohe | nfw dvdelu e@am
and adfwealtweels , R and the sum of squar es dfedrs earsr

well as according to the biological response.

3. Results

3.1. Growth trial

21



The growth performance of shrimp offered die
2 are presented in Table 5 ard 6. ,Afttheer rtelseulf
significant differences in final bi oma2s 3§ 34.
final meandwedght Ww&i-2@a19%)a,i np r(Rt0Li8n r et e-nti on
25. 3%) and wdi §Bg)gaiShr({dmp5fed the 180g/ kg BYFE
wei ght gain and f hatah @dne afne dveti lgdhtditetanwi t h 120
was no significant di fference betweermet lda edi
containing 240g/ kg BY50. In trial 1 (tkien SBM
growth per ecfimamegler i mp reared on the various
I n the secondsiggnoidiilicfatnrteates nwermhe odhassect(dd 4
174. 4qg), S8urw)i,v aPIRB(.7252098 & n-d. FCRaifphdng all t he t
DBY12, DBY18 and DBY24) . Shrimp fed t he DBY
significantly higher finadseeneafnf ewree dj htth ea ndli emte i
BY50. According tteesthe thes el twsasf radm ot no si gt
performance between Diet LFMO and Diet DBY70.
3.2. Digestibility trial

Apparent dry matter ( ADMD d apmparr emtt [ met

digestibility csaeafdf ii ngegetdigem®0: I er edgleacement
Paci fic whi tvea mmamempr esented in Table 7.
For diet digestibility, the AEDIi aadt APDhoTf

those of BY70 and menhaden FM, while the ADMD

than that of the other diets. For ingredient
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FM had the | owest AuwevD, ALED haen ds aArReD tviarhe, APD
| ower than that of SBM and BY50.

The apparent amino acid di gesreinbhialdietny f(iAsAD
(MFM) and the SBM using 70: 30 repl aclLe mevmatn ntaencel
are presented in Table 8. The amino acid dige
ranged from 81.8 to 94. 45 %, 59.08 to 87.8%, 4
All the apparent amine anidd t ditgd s taimb inloi tay i dse !
similar to those of SBM but significantly higl
digestibility coefficients (except hydroxy |y
BY5a@nd all apparent amino acid digestibility <c

were significantly higher than those of BY70.

glutamic acid, hi stidmaeehi osioheupycphenyl auanine
were similar to those of MFM. Apparent digest
hydroxyl ysi ne, proline, serine, threonine, tr

si gmitfliycahi gher to those of MFM.

4. Discussion
Recently, the specific use of yeast as an al
(Haupt man et al ., 2014; Kandai amd &s(lRla.imajgcahnuyp, a |z
Y. Zhou, & D. DéDwil g,add0 k68; aGambda 16 ; Qi u & D:
Even though a number of studies have(Gambaoaat e
Del gado et al ., 2016; Li ted a@ur , k2dwWI9e d gZeh amo

conducted to evaluate the use of these yeast
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Apparent digestibility coedddt aeetrdnireri suattl en anf
feedstuff, to help to select ingreditelmebstt bat
f or mul a(tBrdu nfsecerd, &K oRmaii.grelHlo udOWeEr, data regardin
coeffici eamdesarmde. yeast
I n the digestibility trial, the ADCs of ener
were similar to t Sdscecaofdi SB N I8rOe@d8o ratindtd nGoZy0 eltBo) a, |
(2009%82% and 08 8.999i vaankdar a n, Vel asco, Beyer,
(838.88% andl883%WL for shrionip.F M hwea sA P66 .v9a7l%,e whi c
with previous TBdrurddizesstrroap o rotR40.1M¥%p)unson et al
(76 %)Qiaun,d Nguyen, 66B6PDavY %) (20H&)results al sc
of dietary dry matter, energy and protein for
65.52%, 92.53 and 75.5i4wq, Yees pKeocntg ,v eWaymgl ,iSdamid d
the energy and pr ofseiyre akitg ensatsi Bi4l. i6t% amfd Brbe wenk
respectively. The AED and APD values of ingre
FM and similar to those of SBM. The APD of in
FM aowlerl t han that of SBM.

BY50 showed i mproved availability of pQiod ein
and OQa&wilsrTwho demonstrated that the -grbedi ygeat
(38.20 and 53.47%) in shrimp was significant]l
Penaeus imbeecsdidn s with BY50 werte€Hebphekbi thaXi e
and Niuy Whhl6eassessed the GAEDeantd wPd 64. DIr%
respectivel y. The Lhi gvhaewraaMPaile roif v eBdy 5f0r dm t he s

digestibility coefficients of BY50. Al croandg endy
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from 81. 8% t o e9séu pdebr¥posiarnti BcNit Bl St.. DB%) anddsei mi |
in SBM (84.74% to 101.42%). The amino acid avaea
yeast products for tQhie sannde DsapBedts28e(850M)e/ @ medt e da |
(20(Q38$.82 4 %) . The relatively high amino acid

high proteiatcoertgnbabandcedl amino acid profil
The AED represents the fractional sum of t
carbohydiradc &@rsdih,enx®L0) he AED of a diet typical
and vi tEBEawmgr s¥u, Buentel. ol heefnigher& dantiesnt 2(04
relatively | ower thanQipuyeandbubDéddesuABal)andad
(20080g/ kg) . I't al so has seixmirlaacrt efdi bSeBrM o a3rbtge rk:

this study and G8Oke)y GC8Mexihe dinklg ReawlplisclcdMhid )s t

with the high AED valwue of BY50. By & s hyiefatsitn
considerable improvements can (Bl madk espakia
| mproved digestibility can result in enhance
available to the vaend miil gge s tHoome veeae s i meptr ocal way

does not account for nutrient content or effe
higher |l evels (>120g/ kg inclusion of Bpyabrogntt h
in botdh Mukeiyple range test, as well as regres

fed with 180g/ kg BY50 diet exhi lmisteedskiigmp fifie

diets containing liosvsemostviel kel yadue 6. ulboB!
pal atability of the diertisclwhdarmd marciumre wihreqir aicii
t hat i s replaced with ingredients whi csh. alroe |
mi ni mize such changes, we al so evaluated the
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When BY50 was used to replace soybean neal t
performance across all | e \BeMl sb.e i Thlgi smoirse Isii kma Il

profiles and pal asxaltbawed yt. hatheBYs ®swarnt k g efsiun &

basedhdwevser, there are still some | imits as
an interaction of other nutrients or shifts i
The second growth trial was inittnrmitaeld 1 oi mefm
repl acement series. As there wahse nfoocceufdt ibvgaise a t
|l evel s of inclusion. Regression analysis conf
the inclusiomn liawwegleldxsfedBe(shl gwsa i ndi cate that a
be used to replace fishmeal without reduced ¢

trend of PRE was consistent with thefaeremgthtdi
However, PRE was not significantly affected e
the diet. To sum up, th240prfrkgenf 8BY60y (eqaggt
100g/ kg FM) can be ef fceaclt i dviedtys utsce dr & pnl ascher i Ariy
replace SBM (equal to 510g/ kg SBM) without si
utilization.

These results indicate BY50 to be a good pr o
i's si Aambbaltpadfp2@16alpheported that the diet in
i mprove the growth performance of shri mp, w h
nitrogen to growth when it is wused to rMpl ace
Similar results also gegagésti GDD¥) grmrai bediustidl
practical di et without deAccrheugpsail nda st,M.e2 Oladounpg ahl

Zbu, and D. Al sbademo(20ic@jnedet hastedGRBDY up to
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causing significant differences in growth per
and in green water pondoclhhendadd®dst oYdrnet spob:i
i mpairing gr olwi hc gtefrif olr maynecast p2rOo% ewmin hcoaunt bi emj
growt h pe(rBsosrama nMaebr ouk , Mo hamed, & Michael,
2012)Yeast can replaceOldmlaes B0%BonaanHdZFadHhhbad6O
sunshinh@awbaess& Tr us hFeonrs kria,i n2b0olwl )t r ou't , GDDY c a
up to(Ba@auptoman .etTheael .c,ondGld)ons of culst wrpe ca revs
and the type of yeast rprpdduwetmgalblo | eaedll aa (1
documented that the suitable substitution of
dosage of FM in the basal diet.

I n general, as the proteinocomeenthefcastyea
Hence, high ptaetgin Y O6é8&bspwhpitcehd nacr(eBW7yOp)i cal | y t
products often for their health enhancing pr o]
was detaenedmiahedt ed a | ow | evel of inclusion (2«
As previously discussed both yeast products |
general had better digestibilitgownadl geswtihahtbri
demonstrated that addiMgdi2éOtg/ dgeoDfndBtY7i0Onfi lnuean
of the shrimp. A number of studi es -9d9uwnpdli esrhe rtae
diets resultedrfiormaeandert pamwt e Ba@adndtimgl 2di0t,
Cuesta, Rodrgjuez, Esteban, & Meseguer, 2002). Yeast bi omasgrios enat poo
but i s also a potédataboapeaerc2007?, pdredvi okn tcait |
200g/ kg tot al nitrogen being composed of RNA

of the nuCRempept eWinsfree, HowHughes adiiDbB) ex
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nucl eroitcihdei ngredients in the diet may suppress

to suppressi(dBruraofelil mmumit y.i aPmse,s e& tHoyr,n ot,h e2 OpOolt

stimulate i mmunity has not been eval uawteh. S
However, there was no significant reduction i
indicate it is more |ikely to have nutrient

Hence, studies to -eviamulattisp@psei fvibe t hmmpumnes ui n

5. Conclusion
Results of this-24t0wd K gi Bdrisdatcant thbeet e¥f8®ct i
as a replacement for FM, or up to 2409/ kg wh

BY70 does not cause impaired -gModvitent p.er f or man
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Tablel. Proximate and amino acid composition (g/kgQof test ingredients udan digestibility
trial. Analyses were conducted by University of Missouri Agricultural Experiment Station Chemical
Laboratories (Columbia, MO, USA).

Nutrient BY50 BY70 FM SBM
Crude Protein 505. 723. 7 627. 7 442.(
Moi stur e 47 . 4 84. 9 96. 0 120. 1
Crude Fat 16. 5 14. 4 105. ( 24 . 2
Crude Fiber 41.0 9. 4 - 35.0
As h 62. 4 28. 4 182.( 59.1
Amino Aci d

Al ani ne 21. 4 34. 4 39. 8 19. 2
Arginine 36. 9 36. 4 37.5 32. 2
Aspartic Acid 55. 4 87. 4 56.0 49. 2
Cysteine 7. 2 10. 4 5.1 6. 6
Gl utamic Acid 88. 2 77.0 80. 2 78. 6
Hi stidine 12.9 14.9 13.1 11.5
Hydroxy | ysine 1.1 1. 4 2. 4 0. 8
Hydroxyproline 0. 6 0.5 11. 2 0.6
|l sol euci ne 24. 3 41.5 23.9 22. 3
Leucine 38. 7 70.9 43. 4 34. 6
Lysine 31. 4 52. 2 46. 8 28. 8
Met hi oni ne 6. 6 14. 3 16. 7 6.0
Ornithine 0.5 0.5 0.6 0.5
Phenyl al ani ne 26. 3 45 .7 24 .8 23. 2
Proline 24 . 2 33.4 28. 8 21. 6
Serine 20. 6 30. 2 24 . 2 17. 4
Taurine 1.3 0.5 7.1 1. 4
Threoni ne 19.1 37. 2 25. 4 16. 7
Tryptophan 7.0 9. 2 6. 2 7.0
Tyrosine 19.0 37. 3 14. 6 16. 9
Val i ne 24 .8 49. 3 28. 2 22.5
Tot al 488. 719. 7 581. ¢ 436. ¢

36



LE

'vsSn ‘HO ‘uojos ' "ou| s |edlpawo g dWN,

'¥YSNn ‘OAN ‘s i1tno7 1S ‘Auedwo) @8e |0S 8yl,

vsn ‘aN “ditejg " cou g g tbuyes fButr N ulod | 1bued fgajqAhdwza,
'vYSN ‘HO ‘tileuu1ou 1D ‘Auedwod 1Jsdww3x 74 8yl

"VSN ‘X 1L ‘U0 1SNOH “*2U]|] UlI®d1l1011d mmoEOo

'vsSn ‘affungnigead@ uUupaqgAwdg |1d€)Xd ch>U_@m_scmDQ

VSN ‘X1 ‘uUo01SnoH ‘"2U] UuUlI8a1l101.d @mmEOﬁv
"9¢ "6 T "€ ¢ v e "97¢ v e "T¢ "6 T "9 T v T 2 1sgyQq 18&eD
0T 0T 0 "'T 0T 0 "'T 0T 0T 0T 0T 0T \m@.yw
0 "¢ 0 "¢ 0 "¢ 0 "¢ 0 "¢ 0 "¢ 0 "¢ 0 "¢ 0 "¢ 0 "¢ [Yyd g2 U I [OYD

81 81 81 81 81 81 81 81 81 "8T 194d U lwe } A
o's o°'s 0's o' 09 O°'S O°'9 O°'S O0°'9 O0°'9 914d ylel1au IN
"91T¢ "S1T¢ "91T¢ "'s1¢ "91¢ "Ss1¢ "ST¢ "91T¢ "S1¢ "S1c¢ 1eaymg 9 | 0O Uym

91 "EeYv "€¢ €T 0 "€ v1 €€ 29 A "06 Yd2leil1g UuUlJIO0D
s"'0 §°0 ¢9°0 ¢°0 §9°0 ¢9°0 9°0 9°0 ¢@°0 90 |0 19 1%9 |O0YD
01 01 0T 01 0T 01 01 01 01 0T uityl a9
89 89 89 89 89 89 89 89 89 "89 Jo@2101d ulJ0D
"0¢ Opl A d

"oOv¢ "0Z¢T 09 "ov¢ 08T "0Z¢T 09 0pS A4
"6 9 "6 9 "6 9 "6 9 89 €9 "6 9 v S 09 "9v 'y ,uspeyusin
"0TS '69¢ "LO0OV "SlVv "vv¥SG "8€E "'8E€E '8E€€E€ "8€€ '8¢ evAW yeaqAhkos
LY LY LY LY LY LY 96 "€EVT "Te6T l' e UBPpEYUIN

LAGdAd ZNdTTINDdTINDT OINDdT cA9A TAGA TAGAIADA 0AGA
'sea Ak snolJeA alen|eAa o1 (pasn Sl1aIp 1S8@1 JO UOIlle [NWJIo4o gqel




8¢

'vsSn ‘CN ‘Bingsd i j1iyd *ou | ‘J1a9xeg 1posyou | |eN ‘Fiaxeg L,
Isled ‘°"s1o9npoid |eUO 11 1JINN ANSXY %6Ex meydsoydA|fogdgd o33 Ae1s
eyd |y '0G D8 ‘99g 1p8EOANN [QB8I08 ‘'(B/NnI1 000 000 ‘T)

G0 "0 €Qu lwe jeqooouedADd Q00 v ‘ploe O21]0}) 0G°'0 ‘U o1g 00 0T
10[e§ O OE B1'®IIENUINBQ JO®JY G6 ¥ ‘|OH u lwe 1yoy B(Ox muruedid u twe ) 1A,
Y99 "69 ‘9sceyd|ysdd-€6T €T

0 .mb_Uo_ wnil1ssejl10d 0S89 "0 .wum._muwAm‘_SEmuEm_\/mHva_o_mgmm.m .m:oh_u\Asc.m

deape Ly wp ‘@p 110 |Yys2 1]1egqon :(x1wead H 00T /H) X I1Wwa ud _@me__\,_£



6€

"¥T €T YT VYT v €T €T €T €T €71 duU 1so01hk]
v v v 'v S°'v L'v 9 ¥ "y €°'vY S ¥ 0'v 6 ¢ leydoirdAhiy
y e T "€T i €T ) €T .'€T €T €T €T i €T €T @uluoa8 iyl
ST S§°'T S§°'T ST ST "0 ST 6°'T €2 9°¢ du llne]
"ST ! "¥T i°ST +°ST )» 9T ST i °ST )» ST ! "vI ~"+v71 dul118sS
T A "V e "¥Z V€ ) vZ g2 i€l "¥2 . 'G¢ '€t d3u 1 ]o0ld
L "0¢ 6T » 6T + 6T +» 6T i+ 6T 16T : '6T ) '6T 8T Jle|e |Auayd
€°0 €°'0 €°'0 €0 €0 "0 €°'0 €°0 €°'0 ¥ 0 @®uly1riulo
v 9 T°'9 T °'9 29 ¥ 9 "G ¢2°'9 9°9 T L €L »uluolyilan
' "T¢ 6T ©°0¢ i °'0¢ 02 )»"6T @02 i'0¢ ©"T¢C '1¢ U 1sAT
) €€ . °Z¢€ )€€ €€ €€ )€€ "Z2€ )1 €ge 12ze  tC¢€ dU 10Nn3dT
y LT ) LT LT LT LT LT LT VLT 9T 9T yYu10na 0S|
.0 9°0 T 'T Z°'T O0°'1 "0 T T €°'T 6°'T G2 )»ldAxoipAH
6 0 6°0 T'T T 'T T°T1 T 0T T 'T ¢2°'T 2¢'1T (| AxoipAH
v "6 0°'6 ¢ 6 <¢°'6 €6 "6 ¢ '6 T 6 ¢ '6 0°'6 9dulpilisIH
LT 9T 19T 9T LT VST LT LT 6T "0¢ au 192Ahk |9
i 0L "6 9 0L )T L "TL T "0/, 89 )89 G9 / Oolweiln |9
8°'G §°'G §°G§G LGS L°'§ "G G§°'G €°'G €°'G T°§ 83U 18 1sAD
) "L € "G€E€ ) °G¢ "9¢€ "9¢ . "9¢ "G€ ) vEe ive €€/ o911iedsy
i "€¢ 22 :°€¢ " €C )'¥e r€C ieT vze A A A du lu 16y
6T i 87T 6T ) 6T 6T . °8T i °8T )»'6T * 02 '0¢ dUu lue |y

P 1oy oUWy
i 0L 729 /9 189 ) TL 09 99 r"T/. i "v.L 8. ysv
) 9% ! "6G 0SS 2SS i 6%V TS TS 0S8 )»°'8% 8% @J1Nn1s 10N
) "8¢€ 1 'G¢ "Ov i "6€ I "8€ ' 9¢€ "6€ . '6¢C )€€ g€ rxq14 8pnud
%8 1 '¥8 ) "¥8 i "¥8 98 "G8 ©°"'98 *°G68 ;'¥8 ‘gg 1d1 | 8apnud
"68€ "v¥.€ "Z8€ "Z8E '98¢ "LLl€ "9.¢ "Ll€ I8¢ 08¢cl1oid 8pnuid

LA9Ad ¢ZNdT TINDdT9WdT OWHAdT 2AdAd TAdA TAdA 9A9dA )AdA
(VSN ‘O “elgwn|o)) salloleloqe [edlway) uonels juawnadx3 [einynalby

1INOSSI JO AlSIBAIQG Palonpuod alam sasAjeuse /D) 191p [eluawiiadxs Jo uonisodwod pioe oulwe pue ajewixold ‘€a|qel




ov

"9.L¢€ "1T9¢ "0L€ "C¢LE€E "S9/L€ "99¢ "89¢ "99¢ "'T.L€E€ G9¢E€ 1 lwe |e 0]
)67 - "8179 ."'817 - "'817 »"817 ~"8T7T ~"8T1T 8T . 8T 81 U I |[BA



Table4. Formulation of reference diet for the determination of digestibility coefficigitg @sis).
|l ngredients (g/ Kkt

Menhaden?afishmeal 10

Soybeah meal 32

Menhaden® fish oil 32.0
21
47

Corn Starch

Whol e “wheat .

Mi nerald premi x 5.0

Vitamin® premi x 18.0
Choline®chloride 2.0

Stay C 1.0

Leci% hin 10.0

Chromi @& oxide 10.0

Proxi mat@/ &gal ysi s

Crude protein 259 . .

Cross energy (call g) 4278.

‘Menhaden fish meal, special select, Omega Prot
bDehul |l ed solvent extlriamitt esdb,y bReamna tmera,l , ALBun@yEA.
‘MP Biomedical s I nc., Solon, OH, USA.

dMineral premix (g/ 100 g premix): Cobal't chl or
Ferrous sul fate, 2.000; Magnesium sul fate anh

0650; Potassium iodi de, 0.067; Sodium se-lenite
cell ul ose, 69. 664.

Vi tamin ptememi X)g: kTghi ami n. HCI , 4. 95; Ri-bof | av
Pant ot henat e, 10. 00; Ni cotinic acid, 10. 00; Bi
|l nositol, 25. 00; Vitamin A acetate (5000000 I

Menadione,-c61l b0l oaAkeph&56. 81.

'St ay -8&c 0Zxpboyllyphosphate 35% Active C), DSM Nut I
USA.

The Solae Company, St. Louis, MO, US.
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Table5. Response of juvenile shriniP.17g mean initial weight) to diets with graded level of a yeast
based meal replacing fishmeal (DBY series) or soybean meal (LFM series) over a 42 days growth
trial 1. Values within a column with different superscripts are significantly different baSedidne y 6 s

multiple range test. Each value represents the mean of four replicates.

I
(F

. rvi Wei | We i ht M n . PRE

Di et S(u%) gZir? e(o/%) Wetiagh FCR Biom ( %)
DBYO 90. C 4.%20 2 4 3b7 4.8 1.9 40.: 24.
DBY®6 90. ( 4.%4 2606 4.%1 1.9 40.71 24.
DBY12 82.f 4.%3 2771 4.%9 1.8 38.¢ 25.
DBY1lg&8 92.ft 3.%5 2028 3.%2 2.3 34.°% 20.
DBY24 92.°ft 3.%2 2 19b7 4.%°0 2.1 38.C( 23.
P S*E 6.8¢ 0.19 132.2 0.19 0.1 3.7 5.0
P val 0.83 0.01 0.008 0.01 0.0t 0.7¢0.1
L FMO 82.%t 4.28 2314 4.47 1.9 36.¢ 23.
LFM6 87.°f 4.25 2505 4.42 1.9 38.¢ 23.
LEFM12 90.C 4. 24 2488 4.42 1.9 39.7 23.
DBY1l&8 92.ft 3.55 2029 3.72 2.3 34.¢t 20.
LFM24 87.ft 4.25 2514 4.42 1.9 38.¢ 24.
P SE 5.0( 0.20 176.7 0.20 0.1 3.0 3.0
Pvalu 0.70 0.08 0.287 0.08 0.1: 0.7¢€¢0.3
lWeight gai n -i=ni(tFiianlalwenvieggth)t / i nitial wei ght
2FCR: Feed conversion ratliloni= iFade dvead fgfhetr)ed /
3PRE: Protein retention efficiafcecwniti@ti weaeli gwei

protein

4.
PSE:

Pool

ed

content)

standard

I 100

42

/

protein i

error.

nt ake.
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Table 7. Apparent dry ma#dr (ADMD), apparent energy (AED) and apparent protein (APD)
digestibility values for the diet and ingredient using 70:30 replacement technique offered to Pacific
white shrimpL. vannameiValues within a column with different superscripts are significantly

di fferent based on Tukeyds multiple range tes

Di et Il ngredi en-
ADMD AED APD ADMD AED APD

Bas al 74P1 80PD 90.°4
BY50 74P4 80°7 91°6 73P0 80P7 92.c°¢
BY70 718 7523%. 81PrP8 6223% 652% 750

Fi shmea 6429 744329 7821 3924 6021 66 .2¢
Soybean 742 81°1 91°3 70P4 80P9 91 °¢
P SE 1. 5( 1.13 0. 88 6.12 4.1t 1. 8
Pval ue 0.00 0.00 <0.0C O.00 O.00<0.0O0
lpPSE: Pooled standard error.
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Table8. Percent apparent amino acid digestibility (AAD) value for BY50, BY70, Menhaden fish
meal (MFM) and the soybean meal (SBM) using 70:30 replacement technique offered to Pacific
white shrimpL. vannamei Values within a rowwith different superscripts are significantly

di fferent based on Tukeyds multiple range

BY50 BY70 MFM SBM PSE P va
Al anine 84°3 6597 5425 84°7 2.1(<0.0!
Arginine 94P21 7527 6622 9423 2.5¢0.00
Aspartic Ac 91°0 73P6 6122 92°1 2.0:<0.0!
Cysteine 856 5920 5025 86”3 2.7 <0. 01
Glutamic Ac 92P4 7026 6520 9323 2.0¢t<0. 0!
Gl ycine 81°8 635 4420 84°5 2.5.<0.0!
Hi stidine 906 7222 6722 91PrP6 2.0: 0.00
Hydroxy |lys 91”0 878 5621 101% 2.5(<0.0!
|l sol eucine 897 6823 6327 902 2.0:<0.01
Leucine 882 7125 66.22 889 1.8! 0.00
Lysine 907 7326 6922 91P9 1.4(<0.0!
Met hi onine 877 7028 6328 8708 1.7.:<0.0!
Phenyl alani 892 6928 6126 900 1.9 <0. 0
Proline 88°4 70P7 5129 90°0 2.3!<0.0!
Serine 8526 7523 5424 88°0 2.0:<0.0!
Threonine 85°4 70P9 5925 86°6 2.1:<0.0!
Tryptophan 94°4 786 6729 93°8 1.3:<0.0!
Tyrosine 93°1 73P2 6228 92°9 1.7(<0.0!
Val i ne 876 6920 6127 88P2 2.1 0.00
Total amino 89°5 710 6022 90°f4 1.8¢<0.0!
IPSE: Pooled standard error.
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CHAPTER Il
USING HIGH PROTEIN DISTILLER'S DRIED GRAIN PRODUCT TO REPLACE
CORN PROTEIN CONCENTRATE AND FISHMEAL IN PRACTICAL DIETS FOR

THE PACIFIC WHITE SHRIMP Litopenaeusvannamei

Abstract

AnB-we ggkr owtr wadond uocetvead tuhaeseeh i gh o deislisderri e d
gr a(i HPDDNeg x PrPolEiHhitIRessou L PWisc h KB&ASAd nt hg@r owt h
per f oronjaunvceenai clveh isther L mp op & ma & @wsmehger o wtr iga la,d e d
| e wdHIP DD(GOL,01,5a,n2A0 e ns ¢edeplcapetecc mnceh€CP@t £2. 60,
6. 30.,85%W%pFf i sh(meM:!19. 89.8602. 2 Ire)s,pe AAtciowmenley .ci al | vy
prodfioedulwatal eamcl| ud étér a &alr e f e rEeancdhewa s and o ml y
assitgncende plgrcoaafedhr isnpod kn@ dn8c ul t a nknsdgerr eneant e r
condiithihpens sefmateti o atdlsee siuh d ist hgareadywe h f o ramtda e d
converatwiesnmed gni fdchahley @t el aesviefHg® D DWh euns ¢ @
replC®@ehEM epl acemteneitsas s ho wehdah r if etphdei wit 210 %
HPDD&x hi Bi gadfdieca rdatalsspariii o mB e s wltthsg tsuddeymond t r at e
t hidP DDiGag o @d eoitsno ua c 20 WP DDGamars ¢ @ e pIC@PCes hr i mp

di eotus, @ 5 Whenrepl BEMI ng

KeywoHd@h odesisdl igethgnewtflialshhmeabpemaaaasnei
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1.Introduction

As the worldés shrimp production expands,
using a variety of plant proteins or terrestrial animal byproducts in shrimp diets has gained
momentum. It is important to look feteadysupply, consistent quality, drcosteffective protein
sources to keep the feed cost dows theU.S. ethanol industry continues to develop, it modifies
its processes to produtage quantities (34.4 million tonnes in 2012) of maizeuducts from
dry-grind ethanol productiofLicht & Association, 2014)Thus, it is very importartb looking for
new approach to consume thosegdrgducts.

Distillerds dried gr ai-produci df the ethanightothutioa s ( DD
distillery industry and has been suggested as a less expensive alternative to soybean meal (SBM)
on a per uniprotein basis. The nutrient quality of DDGS varies with grain sources and the type of
processing conditions. Typically, traditional corn DDGS contains abe8228crude protein, 10%
fat, and high fiber content (about 11%), which limits its use as andiegitein aquafeed
(Bonnardeaux, 2007; Gatlin 1l et al., 2007; Singh et al., 20Bgh-quality, lipid-extracted
DDGS processing can increase the protein concentration and reduce the fiber Thetdmgh
protein di st iHPOD&)used in this studyds agnoaessing vériation the produced
high protein (49% crudprotein) low level of crude fiber (5.5%) and lipid (3.11%) product, which
makes it a morautrientdensdeedstuff. A previous study demonstrated that 30% HPDDG can be
used to replace SBM, and 18% HPDDG can be utilized to replace a combination of SBM and
in clear water conditiofQiu, Tian, & Davis, 2017)

However, information about the efficacy of a HPDDG product to replace FM in shrimp
diets in green water is limited. HPDDG can reduce diet cost compared to conventional plant protein

ingredients, like SBM or corn protein concentrate (CPner, 2015) Furthermore, HPDDG
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contains fewer antinutritional factors (e.g., phytic acid) after going through the fermentation and
hydrothermal process than most plant proté@isatvijitkul, Davis, & Lim, 2A.6). We previously
evaluated the HPDDG as a replacement for S BN
nutritional value as a replacement for CPC, which is another important plant protein source used

in shrimp diets. Therefore, the objective of this gtiglto evaluate the utilization of HPDDG

products as replacement for CPC or FM in the practical diets of Pacific white shrivapnamei

in a green water system

2. Materials and Methods

2.1. Experimental diets

HPDDG was obtained from Flint Hills Resoes, Wichita, KS, USA. The remaining
ingredients were locally sourced. Proximate and amino acid compgditiorach of the main
ingredients are presented in Table 1. The formulatemd proximate compositignof the
experimental diets (Diet-I) are pesented in Table 2 and 3, respectively. In the growth trial, all
test diets were formulated on an-isitcrogenous and ishpidic basis to contain 35% protein and
8% lipid. Two series of diets were formulated (Dief)1 where HPDDG was used to gradually
replace CPC or FM (Table 2). In the CPC replacement series, graded levels of HPDDG (0.00,
10.00, 15.00 and 20.00%) were usedgglaice CPC (CPC:12.60, 6.30, 3.15, and 0.00%) referred
to Diets 1, 2, 3 and 4, respectively. In the FM replacement seniadgl levels of HPDDG (0, 10,
15 and 20%) were used teplace FM (FM:17.40, 9.79, 6.00 and 2.21%) referred tasBieh, 3
and 7, respectivelyote that Diet 3 was formulated to be used in both sénesidition, another

referencenvas addedthe FM-free sirimp diet produced by Zeigler Bros, Inc. as a benchmarking
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treatment (Diet 8), which has an equivalent formulation and proximate composition reported by

Uliman, Rhodes, Hanson, Cline, and Davis (2017)

The experimental diets weproduced at the Aquatic Animal Nutrition Laboratory at the
School of Fisheries, Aquaculture, and Aquatic Sciences, Auburn University (Auburn, AL, USA),
using standard procedures for shrimp feeds. Diets were prepared by mixing-greyme dry
ingredientsin a food mixer (Hobart, Troy, OH, USA) for 105 minutes. Hot water was then
blended into the mixture to obtain a consistency appropriate for pelleting. Diets were pressure
pelleted using a meat grinder with aren die. The moist pellets were then plag®d a forced
air oven (< 45 €) overnight to attain a moisture content of less than 10%. Dry pellets were
crumbled, packed in sealed bags, and stored in a fre@0e€] until needed. All the ingredients
and diets were analyzed at the University of 9disi Agriculture Experiment Station Chemical
Laboratories (Columbia, MO, USA) for proximate composition and amino acid (AA) profile (%

asis, Table 1 and 3).

2.2. Experiment procedure

The growth trial was conducted in a green water (outdeoiculating aquaculture system
(RAS) at Claude Peteet Mariculture Center (Gulf Shores, AL USA), which was managed to have
natural productivity presenithe research system consistsaotentral reservoir (~1,000 L), a
1.0hp circulation pump, 32 circulgolyethylene tanks (0.85 m height x 1.22 m upper diameter,
1.04 m lower diameter) and supplemental aeration. In this green water system, a second sump
pump is used to move unfiltered water from a shrimp production pond to the central reservoir at a
rate d ~8 L mint for 2 h between 08:00 h and 12:00 h daily (5% daily water exchange). This
results in the replacement of system water every few days, replenishing natural productivity to

mimic a production pond setting. Each tank and central reseveo@equpped with an air stone

51



connected to a 1 hp regenerative blower (Sweetwater Aquaculture Inc. Lapwai, ID, USA) to supply

aeration.

Pacific white shrimp podarvae were obtained from Shrimp Improvement Systems
(Islamorada, FL, USA) and nursed in an indainculating system using commercial feeds until
they reached an appropriate size for research. Juvenile shrimp (initial mean weightOQ§6

were randomly selected and stocked at 30 shrimp per tank in green water.

During the growth trialfour replicate tanks were assigned per treatment, and shrimp were
fed two times per day (8AM and 4PMi. general, feed inputs are calculated assuming the shrimp
will double their weight weekly up to one gram, then gain 1.2 g weekly with FCR of 1.3 in green
water. Atthe end of the growth trial, shrimp in each tank were counted and weighed to calculate
survival, biomass, mean weight, FCR, weight gain, and weekly gain. After weighing and counting
the shrimp, 6 shrimp per t ank farevhoke badwsangpesnl y

to be utilized for later protein retention analysis.

Water temperature was maintained at around 29€. Dissolved oxygen (DO) was
maintained near saturation (6 mylusing air stones in each tank with a common aidovenected
to a regenerative blower. During the growth trial, DO, water temperature, pH, and salinity were
measured twice daily using a YSI Proplus mptlrameter instrument (YSI, Yellow Springs, OH,
USA). Total ammonia nitrogen was measured twice per wisglg a Thermo Orion ISE probe
(Thermo Fisher Scientific Inc., Waltham, MA, USA), while nitrite and nitrate were analyzed once
per week using LaMotte test kits (LaMotte Company, Chestertown, Maryland, USA). Over the 56
days of the trial, DO, temperatursalinity, pH, total ammonia nitrogen, nitrite, and nitrate

weremaintained at 6.5340.63 mgt, 29.42+1.38 €, 11.6142.33 ppt;7.904.38, 0.014.03 mgL
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1,0.3340.21 mgl?, and 9.2444.90 mgt, respectively. Water quality conditionstime trial were

suitabk for normal growth and survival of this species.

2.3. Statistical analysis

All data were analyzed using SAS (V9.3. SAS Institute, Cary, NC, USA). Two replacement
series data eresubjected to run ANCOVA to evaluate the correlation between HPDDG adding
level and replaced protein source (CPC or)F@ineway ANOVA analysis of variance was run
to determine significant differencd3<0.05 among each replacement series (CPC or FM) and all
the treat ment s, foll owed by Tukdffgrénses metweenhi pl e
treatment means. The pooled standard error used across all the data as the variance of each
treat ment i s t-test was perfoemed t®compare growbhgperformance of shrimp

fed with commercial reference Diet 8 with theartlliets as post hoc test.

3. Results

3.1. Growth trial

The growth performance of shrimp offered diets containing various levels of HPDDG to
replace CPC or FM is shown in Table 4. From the ANCOVA analysis presented in Table 4, the
results show that thelis a significant interaction between replaced protein (FM or CPC) with
HPDDG level on the biomass of shrimp. From the ANOVA result in Table 4, Weseaslight
decrease ithe FM replacement series on the biomass and the feed utilization of the shittmp wi
the replacement level increased. Theesno significant difference in CPC replacement on the
growth performance and feed utilization for shrimp. The growth performance of shrimp offered
Diet 8 compared to the growth performance of shrimp offered Diétis shown in Table 5. There

wasno significant difference among all the diets in the final biomass (221.2 to 239.5 g), survival
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(97.5 to 100%), FCR (1-4.6), final mean weight (7.48.08 g), weight gain (1922106%),

weight gain (7.137.71 g), and weey gain (0.890.96g).

Du n n e-test @Gvas pérformed to compare the growth performance of shrimp fed the
commercial reference Diet 8 with those fed the other test diets (Table 5). The shrimp fed Diet 7

have significantly lower biomass compared to those fed Diet 8.

4. Discussbn

DDGS is an inexpensive protein ingredient included in many aquaiieatmbination
with other plant protein sources to degse cost and balance nutrient content. The composition of
DDGS varies with processing, batches, and producers. Many studiesiérmomstrated that
DDGS can be successfully used as a protein source in aquafeed for a variety of Gaeses
Trushenski, 2011; Blake Stewart Hauptman, 2012; Blake S Hauptman et al.jrizddding the
Pacific white shrimgAdedeji et al., 2017; Qiu et al., 2017; Rhodes, Yu, Zhou, & Allen Davis,
2015; Roy et al., 2009; Sookying & Davis, 201The HPDDG product used in this study is
developed to have a higher protein concentration (>49%)anlithiverconcentration ofat (3%)
and fiber (5.%6) compared t@onventionaDDGS which contains about Z82% crude protein
and 10% lipid(Gatlin 1l et al., 2007) The HPDDG can meet t he shr
requriment at a lower inclusion level, therefapening more space in the diet formulat{bang,
Yu, Buentello, Zeng, & Davis, 201@jowever, no research has been conducted to evalute the use

of HPDDG in shrimp diets to replace CPC or FM under practical outdoalittons.

Given the previous study results using the same product, up to 30% HPDDG can be used

to replace SBM in shrimp diets, and up to 18% HPDDG can be used to replace a combination of
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the SBM and FM in the diet without affecting growth performancghaimp in clear watefQiu
et al., 2017)In this follow up study, graded levels of HPDDG are used to replace CPC or FM, as
this results in more shifts in nutrient composition and possible palatability changes of the diets in
FM replacement series tharode ofdiets in CPC replacement series. Firstly, the results show that
therewas a significant interaction between replaced proféiM or CPC) on the biomass of
shrimp. This indicates that the effeat growth performance will be different wittime kind of
protein source we replaced. Thewas no significant trend Wenthe HPDDG replaced CPC.
However, theravasa significant decreaderend on the biomass as the HPDDG level incakase
in the FM replacement series; the mean weight, weekly gain, and weightPg@ir®79 also
mirrored this trend although no statistically significant differences were folmdllow the
comparison to a commercialyr oduced f eed Di et 8 wastestasc!| udec
post hoc test was used to compare commercial Diet 8 with each test diet. Results also showed that
the biomass of shrimp fed Diet 7 was significantly lower cara@ tothat of those fed the
commercial dietThe results shoadthat20% HPDDG can be used to replace CPC, or up to 15%
when replacing FM in practical shrimp diets.

The FCR ranged from 1.4D56, which is consistent witRhodes et al. (2015)ho
reported that the FCR ranged from 1.5 to 1.8 for shrimgifeded levels of lipid extracted DDGS
in clear water conditions. lvaslower thanQiu et al. (2017who demonstratk that the FCR
ranged from 1.64 to 2.14 for shrimp fed with the same product (HPDDG) in clear water. In general,
the FCR observed in all the diets for this study was reasonable for shrimp reared in green water.
The shrimp that were fed the reference Diéa8l a higher biomass and lower FCR than shrimp
fed test Diet 7. This is likely due to processing conditions which can improve pellet stability and

digestibility for shrimp. The primary aim in adding the commercipiigduced diet was to have
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an independdrreference point to compare growth performance and feed utilization although the
commercial diet has a totally different set of ingredients, nutrient composition, and processing
conditions(Achupallas, Zhou, & Davis, 2016J he final biomass and FCR of the shrimp fed the
high replacement level for FM were lower and higher than both the commercial Diet 8 and basal
Diet 1, respectively. lall, those results indicate thdtoughHPDDG works as a replacement for
CPC, there are limitations when replacing FM.

The growth performance results demonstrated HPDDG to be a good protein source for
practical shrimp feed formulation®ur results with HPDDG showed similar replacement levels
demonstrated bRRhodes et al. (201%yho determinedhat up to 20% lipid extracted DDGS can
be used in practical shrimp diet containing 6% FM in green water. Further, this study showed
improved resultcompared tahosereported byQiu et al. (2017who demonstrated that 18%
HPDDG can be used to replace a combination of SBM and FM in clear. vdtbtionally, the
HPDDG showed a higher replacement level for CPC and FM when compared to the results
observed bysookying and Davis (2011yho teséd shrimp diets containing high levels of SBM
with 10% DDGS, which had no negative impact on the growth performance of the shrimp in
outdoor tanks and pondRoy et al. (20093also obtained a similar result 8ookying and Davis
(2011)with the same dietary treatments, both in laboratory and outdoor conditions. A primary
reason HPDDG can get so high replacement level and make a suitable protein saimimfor
reared in green water is due to environmental effects and the ability to obtain additional nutrients
from natural sources, which could mask negative effects of DDGS as a protein replacement in

practical shrimp diet

Methionine and lysine are usualtiie limiting amino acids in fish and shrimp diets,

especially those containing higher levels of plartdtein source¢Espe, Lemme, Petri, & El
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Mowafi, 2006; Mai et al., 2006 HPDDG contains a low level of lysimempared to that of SBM
(2.01 % vs 2.82 %, respectively), while HPDDG contains higher methioniment compared to
that of SBM (1.01% vs 0.64%) and lower than that in FM (1.69%). Hdysiee need to be
supplemerdd if those diets cannot meet the nutritional requirement of shrimp when higher
inclusion level of DDGS is added in the dietsthe pesentstudy, the lysine content of all the
diets satisfied the lysine requirement as reporteBldyy Lawrence, and EChan (1995)andwas

not likely to be limiting.

5.Conclusion
In conclusion, 20% HPDDG can be effectively used to replace CPC in shrimp diets, or up
to 15% when replacing FM. HPDDG proves to be a good protein source in shrimp diets. In
addition, the HPDDG also contains an elevated level of yeast. Future work tatexthkipossible

immunestimulating effects are worth pursuing.
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Tablel Proximate and amino acid composition (%igsof test ingredients used in growth trial.
Analyses were conducted by University of Missouri Agricultural Experinsgation Chemical
Laboratories (Columbia, MO, USA).

Fish Meal SBM CPC HPDDG
Crude Protein 64.75 44.91 78.07 49.20
Moisture 6.28 10.35 8.16 8.00
Crude Fat 9.09 1.82 2.03 3.11
Crude Fiber 0.66 3.61 0.87 5.50
Ash 19.77 6.15 1.03 4.87
Alanine 4.01 1.94 6.42 3.36
Arginine 3.78 3.21 2.25 2.30
Aspartic Acid 5.49 5.04 4.29 4.05
Cysteine 0.54 0.68 1.30 0.87
Glutamic Acid 7.69 8.01 14.68 7.23
Glycine 4.97 1.91 1.95 1.95
Histidine 1.66 1.14 1.48 1.33
Hydroxy lysine 0.24 0.03 0.10 0.00
Hydroxyproline 1.11 0.07 0.00 0.01
Isoleucine 2.56 2.14 2.96 2.19
Leucine 4.31 3.42 12.97 5.57
Lysine 4.89 2.82 1.14 2.01
Methionine 1.69 0.64 1.80 1.01
Phenylalanine 2.45 2.28 4.80 2.57
Proline 3.00 2.15 7.31 3.33
Serine 2.21 1.93 3.80 2.08
Taurine 0.70 0.09 0.03 0.02
Threonine 2.50 1.74 2.48 2.02
Tryptophan 0.65 0.62 0.37 0.43
Tyrosine 1.92 1.68 4.24 2.01
Valine 2.97 2.19 3.23 2.87
Total 59.46 43.76 77.84 47.39
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Table2. Formulation of test diets useddwaluate the HPDDG products (% &9.

1 2 3 4 5 6 7
Menhaden fishmeal 6.00 6.00 6.00 6.00 1740 9.79 2.21
Soybean me8l 42.40 42.40 4240 4240 4240 4240 42.40

HPDDG- Flint Hills® 0.00 10.00 15.00 20.00 0.00 10.00 20.00
CPC-Empyreal 78 12.60 6.30 3.15 0.00 3.15 3.15 3.15
Menhaden fish ofl 5.54 535 5.26 5.17 4.69 5.07 5.45

Lecithin (soy) 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Cholesterd 0.10 0.10 0.10 0.10 0.10 0.10 0.10

Corn Starch 10.26 6.75 4.99 3.23 9.16 6.39 3.59

Wholewheat 17.00 17.00 17.00 17.00 17.00 17.00 17.00

Mineral premik_‘ 0.50 0.50 0.50 0.50 0.50 0.50 0.50

Vitamin premix 1.80 1.80 1.80 1.80 1.80 1.80 1.80

Choline chloridé 0.20 0.20 0.20 0.20 0.20 0.20 0.20

Rovimix StayC 0.10 0.10 0.10 0.10 0.10 0.10 0.10

KP dibasié 250 2.50 2.50 2.50 2.50 2.50 2.50

aOmega Protein Inc., Houston, TX, USA

bDehul l ed solvent extlriamitt esd,y bReama tmera,l ,ALBun@yRA.
CNexPFr‘Ioi,nt Hills Resources, LP, W chita, KS, U
dEmpy'r:-EECJargill Corn Milling, Cargill, Il nc., BI
‘Omega Protein Inc., Houston, TX, USA.

The Solae Company, St. Louis, MO, USA.

'MP Bi omedicals Il nc., Solon, OH, USA.

hMineral premix (g/ 100 g premiyent@oalyartateh!| &r

Ferrous sul fate, 2.000; Magnesium sul fate anh
0.650; Potassium iodide, 0.067; Sodium seleni
Al pbael l ul ose, 69. 664.

'Vitamin ptpeemkx}fg Kbi amin. HCI , 4. 95, Ri bofl a
CaPantot henat e, 10. 00; Ni cotinic acid, 10. 00;
0. 05; Il nositol, 25.00; Vitamin A acetate (500,
80.00; Menadi ered | uld .os®;, Al5Bha8B 1.

ISt ay -@&c ¢Zpooyllyphosphate 35% Active C), DSM Nui
NJ, USA.

KT. BakerE, Mallinckrodt Baker, Inc., Phillips
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Tabld e Pmaotxe and amino acid composgist)iiommnal ysrpe

conducted by University of Mi ssour i Agricul t
(Col umbia, MO, USA).

Diet 1 2 3 4 5 6 7
Protein 3555 3552 36.39 36.27 3578 3592 36.13
Moisture 7.13 7.58 6.38 6.84 6.65 7.04 7.27
Fat 8.61 8.93 9.09 9.12 8.51 8.88 9.09
Fiber 3.17 3.56 3.51 3.22 2.40 3.35 3.89
Ash 6.21 6.62 6.87 7.06 8.44 7.12 6.49
Amino acid

Alanine 2.05 2.00 2.02 1.95 1.88 1.93 1.99
Arginine 2.02 2.13 2.21 2.27 2.30 2.23 2.18
Aspartic acid 3.18 3.27 3.36 3.40 3.44 3.36 3.29
Cysteine 0.56 0.59 0.60 0.60 0.49 0.56 0.62
Glutamic acid 6.98 6.76 6.76 6.58 6.27 6.48 6.74
Glycine 1.48 1.54 1.61 1.64 1.87 1.69 1.50
Histidine 0.86 0.91 0.95 0.97 0.92 0.93 0.94

Hydroxy lysine  0.09 0.09 0.09 0.09 0.11 0.09 0.08
Hydroxyproline  0.07 0.08 0.08 0.09 0.19 0.12 0.05

Isoleucine 1.60 1.62 1.66 1.66 1.61 1.63 1.64
Lanthionine 0.18 0.20 0.21 0.21 0.16 0.19 0.20
Leucine 3.61 3.44 3.42 3.23 2.88 3.15 3.44
Lysine 1.72 1.85 1.95 2.02 2.23 2.05 1.86
Methionine 0.68 0.68 0.69 0.68 0.71 0.68 0.68
Ornithine 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Phenylalanine  1.93 1.90 1.92 1.87 1.76 1.84 191
Proline 2.33 2.29 2.31 2.25 2.03 2.15 2.36
Serine 1.52 1.583 1.57 1.57 1.44 1.50 1.56
Taurine 0.15 0.16 0.15 0.15 0.24 0.18 0.14
Threonine 1.28 1.33 1.38 1.39 1.35 1.35 1.36
Tryptophan 0.42 0.46 0.45 0.45 0.46 0.45 0.46
Tyrosine 1.37 1.42 1.43 1.41 1.29 1.37 1.45
Valine 1.70 1.76 1.83 1.85 1.74 1.78 1.83
Total 3580 36.03 36.67 36.35 3539 3573 36.30
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Tabd@n-away ANOVA result about comparing the res:¢
graded | evels of HPDDG to replace GCdPLy ogr Wit hwi

trial (n=4) .

. : Surv Wei ghtwei ght We e k |
Di et Bi o ma(MW( ( %) (9) ( %) FC¥ (g)
8 238. 8. C 98. ¢ 7. 71 2098 1. 0. 96
P S 11.2 0.4 1.789 0.21 62.5:0.C 0.02
Pval ue 0.060.1 0.95 0.17 0.270.C 0.17

Dunmsettt t est
D7 VvS | 0.020.3 0.23 0.40 0.920.C 0.40

1Weight gain (-gni t=i &I nwe i gvleti .ght
2Weight gain (%)ni=t i(aAi meeli gweti)ght i nitial wei ght
3FCR: Feed conversion ratliloni2 iFde dvea fgfhetr)ed [/ (
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CHAPTER IV
USE OFPLANT -BASED PROTEIN CONCENTRATES AS REPLACEMENT FOR
FISHMEAL IN PRACTICAL DIETS FOR THE PACIFIC WHITE SHRIMP (  litopenaeus
vanname) REARED UNDER HIGH STOCKING DENSITY AND LOW SALINITY

CONDITIONS

Abstract

Twd ee dirnvgelrcsd n d ut cot nevdpastt Heef foefce p| & ¢ 5 hwgiea h
combi m&toyndopnotctenocehilmratoipr)oweh f ororhadhPeaei f i ¢
whisthe (Lmpg opeaaapAbeaisdatednt a2i0i kg s hweeseeld U 2e0d) ,
1500®,0Q0¢g kw) tthhper otceoinrt e cbmai ecanan s ni t rbcagd rsau s
Addi t itomdailegtgsnt alondb Oyd Kg shwmesdu ppl eme thlysd ma
met hitoavabkbpad diibrmietiaE AdBasah wasandaml pt évie d
replt adilsshr pepaaquarreair)@d ndobevartseyrs { & ml )a,l
fouepldicrad@n@dss hr/idnpe air @dt dgorceneantseyrs { & md )a.h
tripéesuhdsaxltiagkhctriemisep@dpr mad ¢ & hwaead p | aatclrea
hi ghesHEé anwhhseueppl emehy satnmen hitotnhdensel i ndorte s ul t
i shiifstusr vgvawtFICR.nr 2 atsi gnidfiifcfaenrtgmew®sh f or mance
acrtolfee sddiestite f ® uhilds $§ uddeymo n dtt hrettdematsperdo ceinc ent r at e

mapasdewd eplfacdhimpabdeshrcidmer| eaanmglr eveant kerrdleirg h

st ockeda maggnidyw sal inity conditions
Keywakidsopenaeuki sslraemenalmeriepl acement ; Corn prot
concentrat e; Growth trial; Hi gh stocking dens
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1. Introduction

Gl obal supplies of fishmeal (FM) have reac!t
making it more expehAOve2@b@ipbeansmaahi ( 8BMp i
as aefcfosdti ve and nutritionally val(uGubol eetpraolt.
2018nd is routinely added to commercial for mul
of essenti dIEsami, nd eamieMloswRdtiri ,2006EI,Mdii mett edl
avail ablcecu(spuoms gh oaanld. ,t h2e0 1pdrye 8 € nc i o hDailearst aectt oarl:
20019h at may have adverse effects on growth pi
di scourage and | imit the wutilization of SBM i
alternatswvertgneasts spe s a mouéer opmni maprieevfaiill bl @and
suffgoaantecdc @rmsomitica@aé .

More recentdegat ecnzyomegbean meal products (|
St ewart, MN) have entereybedr praotkeitn aisn graevd is

a combinataillcam hotf eabhraction processes and en

(Jordan et al ., 2014; Novriadi, Spangl er, Rh o
been shewtliyv a eepflhanceea If f or pompano (Novriadi, S
Novriadi et al ., 2017) . Besi des, corn protein
protein source to replace fishmeal 1 n aguatic
white shrimp (Chen, Li, Xu, Sun, & Leng, 2017

2014) , NOrl eeb rta nhiasp { rdihlad ti if @TsaBealbdll ,y, EITar i q, & K

FIl oridaTpampanot (£oo&rolRi0n&kd sadmboAthlyacthius my

(Burr, Wolters, Barrows, & Hardy, 2012)C Al
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as suitable protein sources for fish or shrirt
protein sources ltoatl dercotmpl| pment deaopti mal roo
Davi s, & Rouse, 2007 a, 2007b) . However, pr a

formul ations combining alternative protein so

in order bteot tperrovaindde baal anced AA profile 1 n pre
objectives of the present study were: (1) to
and SPC as replacement for fi shntrayial liinnec canmbiir
acisdsppl ementation in practical diets for the

the effect of wusing of CPC and SPQG€i émms gf ie®Imme

water under high Fndckbwgsdénsity ¢bRAEIMi ons.

2. Materials and Methods

2.1. Experimental diets

The main protein ingredients wused in this
f or mudaast iwen | as proef makpecomposati dihet 2 amnd
3. The seven diets were formulated to be i sc

(350g/ kg crudei prima ®ii 1) ( baablaen 2a)s.colmb i edft i erp e
graded( Toetvaell:s 0, 46, ®OFf2,SPQ 8y h dln@ie €lte3i 4 )xgd &k gt) o r
fi shmeal (FM: 200, 150, 100, 50, and O g/ kg),

respectively. Two additionaleadsi ebtds ,B® 5D 6r easnpde ct7i

bustuppl emented with methionine and | ysine.
Diets were premarcachdbyrmi xinmgg erient s i n a
OH, USADL shiomrut es. Boiling water (ca 40% by wei
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to odbt@aomsi stency appropriate for pelleting. I
mm die. The moist pellets were then placed in
moi sture content of | ess tha&medldog/ kse.allkrdy bpglsl
i n a f2r0eAeCz)e run(t i | needed. All the ingredients
Mi ssour i Agriculture Experiment Station Chem
proxi mate composidfiiolne a(hgl/ kBmni ano ia<)i d( pabl e

2.2. Experimental procedures

Two separate growth tri adasy Wwerriealc airm i & dc loaud

system -dday qr &&n water outdoor trial. Bot h ex
Fi shResearch Center in Aubur n, -lAlravbaeemawe r Ra coibft
from Shrimp | mprovement Systems (Il sl amorada,

system using commercial feeds uniwab thaegdomi yali

to 5 or 4 repl i cOatsehrgrnmopu ppse ro itnadndko minnd (ndi0ee a1 €la |
DiD7) and green (out diowndg )e tvBbtpelr rtersipeelcd i (vierliyal

Il n both the cl ear janmuwe ngimpeee(ns wattiearl tmmeiaanl we
and 0. 26NO0. 0slorgt)e dwetroe uhrelinéd®m m ano rali ¥ es tadm atkoewda riinat ¢
or -BO0OGircuwhiwhmaalkcomponemtorofPdaecad.rcul ati on s
respectivel y.

During the agsowtshhr mpg WwWewe hamées daily us
feeding table that is based on historical res
the shrimp would double their weight weel! y u
conversation ratio (FCR) of 1.8 for clear wat e

water trial. Shrimp were counted once a week
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end of the growth tri alnt eghrainndp wen gdadadh ttoa ndke
bi omass, mean weight, FCR and wei ght6 gsahrni.mpf t
per tank were randoildC S elre awtheod ea b dfyr @z ert ed tn

During gr owtohl vtedi aolxsy,gedi s( DO) , water t emp
measured twice dailpyaruvasmengra i NWSit r@m@e nmu l( YIS ,
USADPhepH was tested twice weekly using a waterp
Hill s, Tot,alUSsAmMmoni a nitrogen (TAN) and nitrit
met hods de&odroirlzeadaob8pb? 6 @) (rleOs7/pPect lynelaghO, | n  tr
temperature, salinity, pH, "TARSB.®Rd& 1niAtCr, i t7e 4\&
ppt.,.58 N 0.3, anmnd oL 09 O @sgl@ctmgv el y. I n gree
for tmeiad, 2t,emper apHy,r eT,ANs,alainndi tnyi,t r i't,e 2wWle roe2 6 .
2.43 ACc, 47598NN001@ppid,and8 R.092Nr@gPRcmgvel
Water quality conditions in all/l the trials w
speci es.
2.3. Statistical analysis

Al data were analyzed using SAS (V9. 3. S A
subject-wdytanahgsi s of variance tPx0d@&taenmomign e
treat ment si n( Dtlr i al 1 an& Myl tfiod!l eo weadmpayr iTsukre y
di fferences between ttitestt mevats meard 0.r merdd @ pe rcd
and D5 with D7 in terms of shrimp growth per-f
investigate tweenethéei dinsthapybei shmeal repl ace
the response variables of wedngehe¢d gacmosdIThgr @w

as t hesovfardaacnhcet reat ment were the same.
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3. Results

3.1. Growth trial

Growtbr mantée of shrimp offered diets conta
in trial 1 are presented in Tabl e 4, respect.
exhibited significantly | ower finahahbemansg,
shrimp offered Melhsu rbwisvad|l di wasqQmdy .86 gnwfi can
amoshpri mp offered the different di et serdhe F
significantlhy sdeh rgiirep fthdandi et s D1, D2 maeds D3.
(PRE) of shrimp dresdl gwii f h cRs tchayael IDdi%eetiz2t mamn DI .
i ndepetnaletntwds used to compare the results of
to D6t has®5fa&s compared to D7 (Table 4)1yThe s
hi gher PRE than those fed D4 and D5, respecti

I n tmeah Rijonmass (926.4 to 1015. 8gve, ghar vi
(10-10954ight walid29(W)7,72pr otein reteAti @) eahdec
wei ght ¢dlaDi.mw8¢ @ge)81B ot s i g n(iTa bclaentél dC ATikddf es emit mp
di et D5 was sighhbhsbkbmanhmpyPae@dgBD®r t han

I n trhealrdpl acement of fishmeal with the pr
growth of the shrimp particularly atnthei &l gh
t here was no siingntirlfeendardtor d &VGr ving énl | mepleaceme
(Table B, Finguréals 1 and 2, th®.0&9H5&sd4l d8xl
+ 1370.8 (R|] =6)0m®BRRIY3I6x69x + 4022P 8= (B 17=460.

respectivel y.
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4. Discussion

Research has demonstrated that tot al fishme

Davi s,

Dar anee

replaced bydusiflgwealtswi adfe alarernyt iawna p
igh nuUAmayaonlav2wWs0)]7w& Ro0uU0s7eb,; Roy et al
& Soller Dias Da Silva, 2013; Daranee
protei SPXaonmdoe mt paoeé efCPxmoencenngiader €dd

mi sing pr ot eiKnh asluibfsa, T aBuetlbeasll Y ,oErT afriisgh, me&a |

SookyingThke Paviisg rdnli€nars aminhmaiaciad p

have a higher pnoteinicoaltehactbods | elsanad

ecreasing trend in growth performance as fis

repl acemmegnta) li:nl diagti ousof SPC a®mdmCPCi pivh

ati o)

est (Table 4) as well9@&hkkgeglr eSBCoandnC

i n Diet 3 can be usesdcamnt aigiil tag\eleil5 08t f $

shrimp without adversely affecting growth

outdoor) trial, thegien wasowtd pteadfgodskngamecie InPhx

(1:1 rati®w)f wabmeakdunhderepl ghes?bckir
conditiadnhbatBbtghtteakbsiotli ECRCeand S

of edBMdhmeesul t i n acceipz atbil @n gy wg thr iamp

Hi gher replacement | evels wer e eavcehni ewietdh obuyt

indi spensabl e amino aci dusupml etnineent auv aiolng b iplri

utrients from natur al soouurdc ensa sikn tghree etnr uwea tceorn.

as a protein replacement in practical
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of suspended particulate organic matter ser Ve
(Tacon et bhBlkewkR®O2)undieo,savbmmbeactaltycopedultts
using |l ow fishmeal diets via the cont(Dialvutsi, on
Arnol d, & Mc.Callhluusm, s2h0r0i2yp cul tured in green v
be offered | ess complete diets and still achi

watekory et relport2@0lt)hat i tl esculnattehde paond hav

contained some essenti al amino acids, i ke n
benefici al to shrimp. This is also the reason
suppl ement ed dwibDt7h A A (cO6e aaan wat er but not i n

results achieved in our | §dFboatetlal it e8P 0LEAG M

and Tacoanl s(o20r0e2pported that 75% and 100% FM ca

(indoor) and green water (outdoor) in practic

Il n this study, using a combination of CPC
compli mentary advantage. This helped maintain
diets, enhanced palatability,( Hundetsianu.l,t a2n0elo3u;:

Davi s, & RhoSlierd,il s&0lInd)Orr ,t e@ar, c 2aan d Trreupsohretnesdk it h(.
a combination of algal and soy protein can ac
fishmeAl | dvdedt2..05fg/ kg SPC combined al gal can r
significantly affecti ntga(ide rsfsa mmeaemnmc eTtlo éasld. gm e25Qu.
were similgheortbhbaenohher studied which wused
SPC. SiDnirédaenr $yokyi ng argpobDawids thaGla)p teo 1209/
based diet can be used in commerci al feed for

negative effect on growth performadceoaddtf ea:t
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| f essenti al nutrients i n practical di et :
requirements of shrimp, a high repltacwanemdt ¢ e
posslibmietiaresseami abi disectosntiabddan@g/ fkigs hwme a &
suppl emealypetdbey s tlaylslaimiket hi OCDiimGaanlD7r,b,espectivel.y
whialhl dvwesd ml Ea®dlh oodbes eir viefffh s hdneeithsewagss i gni f i cant
i mpr oviemmeagir o WtChiR s u r vw hveanh AsAw e rsal p p | e ime hdeieedt s .
Thiis monttraabBser vhayYu aemas| (.20 abBar dAorn Rlandhawd ,
Pr ab hakoas), Zhang, Bai, wMai obasred vdi f 0npL By e imp

retemMmheer aurtehparst ead ssoo me croysstt aalc | a8 ANt @ autsri chrgp

feed, i ncludi ng potdeenstyinachhdréoeneyp hi g | @tosne s Siami
results from our | aboratory, it is also quest:
(Unpublished data). On the other side, recent
diet was | imiting i n .mgt/tkiggoniomre a(r3.i ;g /nkeg )(,1 0lgy

single deletion of each amino acid from the
met hi onine requirement may al so peé&i eatss .| owhas,
' i mitatiah aemiepesaontds should not be the main
clear wat er. Digestibility or pal atability s

performance for shri mp.

Quite often, nutrition stuwditeesane ecarsdiu et
gr owt h. However, there is considerable inter
developing nutrition information under simil a

often indicate thaght hesémegibnt dinheet spesqhYsed nepd thri

stocked at?hlazdsl esifpmdo mphmand feed utilization a
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of the present study were similar in terms of
as crenpat o resul’as re¢pddt sted ywpoorkyi ng, Sil va,
(20.11Addi tional |l @Wectreensk @GR wersensaechnsto ceoxnppear ed t o
byaranee Sookywihigc btowadswesti(e2dp 1d )st ocki ng?2 densi t
(1.35) in the poOohd54antdd ®&a sthalhepsegmsd eetma s ugg e ¢
CPC and SPC served as adequate fishmeal repl
benefited from natural foods under green water
t hat-démgiht ywyfcuwlhtrumg | pl deaseidbt ®inmw e i thihdet e & .

Meanwhislhevermep cwh demr eldow sal i eapgrtes ecrotn dd ttu doyn,s wl

can offer refesenempdatht 6oe. i nl and

5. Conclusion
I n conclusion, the pre>3endi/ bgudfy GEGOABUTr &
ratciamm) be used in the diet ofort e %P & adisfhime awh iitn

green water under high stocking density and I
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Tabll eProxi mat e

and

ami no

aci d

composition

trials. Analyses were conducted by the
ChemiLaebdbratories (Columbia, MO, USA).

FM SBM SPC CPC
Crude Protei 647.5 449.1 625.5 780. 7
Moi stur e 6 2. 103. 5 72.5 81. 6
Crude Fat 90. 18. 14. 8 20. 3
Crude Fiber 6. 6 36. 44. 8 8. 7
As h 197.7 6 1. 43.1 10. 3
Amino acid
Al ani ne 40 . 19. 27 . 2 64. 2
Arginine 37. 32. 44 . 8 22.5
Aspartic Aci 54. 50. 70. 1 42.9
Cysteine 5. 4 6. 8 8. 4 13.0
Glutamic Aci 76. 80. 110.0 146. 8
Gl ycine 49 . 19. 26. 5 19.5
Hi sti dine 16. 11. 16. 6 14. 8
Hydroxy | ysi 2. 4 0. 3 0.5 1.0
Hydr oxyprol:i 11. 0.7 0.0 0.0
|l sol euci ne 25. 21. 28. 8 29. 6
Lanthionine 0. 3 0.0 0.0 1.7
Leucine 43 34. 50. 1 129. 7
Lysine 4 8 . 28. 40.0 11. 4
Met hi oni ne 16. 6. 4 8.5 18. 0
Ornithine 0.9 0. 3 0. 3 0.7
Phenyl al anin 2 4. 22 32.6 48.0
Proline 30 21. 32. 8 73.1
Serine 2 2. 19. 28.5 38.0
Taurine 7.0 0.9 0.9 0.3
Threonine 25. 17. 24 . 8 24 . 8
Tryptophan 6.5 6. 2 8. 6 3.7
Tyrosi ne 19. 16. 22. 2 42 . 4
Val i ne 29. 21. 30. 8 32. 3
Tot al 594. 6 437.6 613.0 778. 4
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Tabd e Formul ation and proximate composition o
350g/ kg protein and 80g/ kg |lipids. (g/ kg as i
Diet numb D1 D2 D3 D4 D5 D6 D7

Menhaden®f200 150. 100. 50. 50.

Soybeat me420 420. 420. 420. 420. 409. 406
SPENutriva 23. 46. 69 92. 69. 92.

CPECEmpar &a 23. 46. 69 92. 69. 92.

Fish oil 44, 48. 53. 55 59 56. 509.
Lecithin ¢2120. 20. 10. 10. 10. 10. 10.
Cholesterc1.( 1.0 1.0 1.0 1.0 1.0 1.0

Corn Starc49 44. 38 35 30. 39 36
Whol e Ywhee¢240 240. 240. 240. 240. 240. 240.

Mi neral” pr5.( 5.0 5.0 5.0 5.0 5.0 5.0

vitamin pr18. 18. 18. 18. 18. 18. 18.
Cholinec¢ct2.¢2.0 2.0 2.0 2.0 2.0 2.0

St&y 3'5% 1. 1.0 1.0 2.0 2.0 1.0 1.0

Ca®i basic 10. 15. 20. 25. 30. 25. 30.
Lysine!(7c¢ 5.0 7.0

Met hi™ni ne 1.0 1.0

aOmega Protein I nc., Houston, TX, USA
bDehulslceldvent extract soybean meal, Bunge | i mi-t
CNutri‘Ev,M'ndwest Ag Enterprises, Mar shal |l , MN, U
dEmpyEéﬁJ Cargi || Corn Milling, Cargill, l nc. ,
eOmega Protein I nc., Houston, TX, USA.

"The Sol ae Coounipsa,n yMO,StUSA.

'MP Bi omedicals Il nc., Solon, OH, USA.

hMineral premix (g/ 100 g premix): Cobalt <c¢chl o
Ferrous sul fate, 2.000; Magnesium sul fate anh
0. 650;unPoitoacksisde, 0.067; Sodium selenite,- 0.010
cellulose, 69.664.

'"Vitamin ptememi x)g: kTghi ami n. HCI , 4. 95, Ri bof |
CaPantothenate, 10.00; Ni cfootliinci cacaicdi,d,4 .1000.;0 0Cy &

|l nositol, 25. 00; Vitamin A acetate (500,000 I
Menadi one,c61l b0l oAeph8&856. 81.

ISt ay -@Ec ¢Zpooyllyphosphate 35% Active P@rsi ppinipuy
NJ, USA.

KT, Baker E, Mal I i nckrodt Baker, l nc. , Phillips
! Ajinomoto Heartland Onc, Chicago, IL, USA.
mSmartami ne EM, Kemi n, Des Moi nes, | A, USA.
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Tab3d eProxi mate expraposnenitan adfi ets 1 to 7 (g/ kg

the University of Mi ssouri Agricul tur al Exper
MO, USA).
D1 D2 D3 D4 D5 D6 D7

Prote 361. 365. 361. 361. 366. 363. 363.

Moi st 680 70.. 70.1 68.1 67.! 76.° 177.¢

Li pid 82.¢ 82.¢ 85.¢ 84.¢ 84.7 83.7 83.¢

Fi ber 29.%f 32.%t 35.°¢ 35.¢ 37.7 33.¢ 34.°:

As h 79.¢ 75.7 73.7 69.1 65.7 68.¢ 63.¢
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of juvenilweighti)mpgo( @.h28 g ame an s
4 agr owt h t al under <c¢l ear water conditions,
Values within a column with different &upersc
mul tiple dapgrerdeststTesal t for comparing growt |
performance offered D4 as compared to D6, and

Tabd e Response
roi

1 51 1 3.bkF4 86. 1 3.%97 1384 1.%F¢ 24° 7
2 4736 4.%20 760 3.92 1428 1.3%: 25b ¢
3 4635 3.6 78. 7 3.%7 13bc1 1.3« 24° ¢
4 4 034 3. 37 81.:¢ 3.%8 10B°% 2.k 202 ¢
5 362 ¢ 3.4 760 2.%96 1058 2.2: 202 ¢
P S°E 2.66 0.15¢ 5.49 0.15° 55.29 0.07 0. 8¢
Pval 0.0C O0.00 0.67 0.00. 0.000<0.0 O0.00O0
6 45.: 3.52 85.: 3.24 1130 2.0 21.:
7 42.: 3.46 81.: 3.18 1131 2.1 22.:

P-val uet efsc
D4 VS 1. 0C 0.49' 0.514 0.47. 0.277 1. 00 <0.0
D5 VS 0.5 0.55/ 0. 46 0. 55 0.50¢8 OO <0.0

Wei ght gain (dgni t=i &li nwmé i gvleti .ght
2'Weight gain (%)ni=t i(aAi meeli gweti)ght i nitial wei ght

3'FCR: Feed conversion ratiiloni= iFede dvea fgfhetr)ed [/ (
“PRE: Protein retention efficiafcwypitiati wal gwe
initial protein content) I 100 / protein inta
SPSE: Pooled standard error.
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Tabd e Response of juvenile shrimp (0.26g mean
S&agirowth trial under green water conditions

Research Station (n=4).

. Binoa s Mean Surv Weig Weigl

Diet "(g) weigh (%) galig gad(ms) "CRPRE®
1 1015 10.0 93.7 9.8 3772 1.9 42 . ¢
2 997 10.5 94.¢ 10.2 3922 1.% 42.:
3 993 10.4 94.¢ 10.2 3905 1.0 44. !
4 929 10. 5 88.2 10. 2 3929 1.3 43. ¢
5 926. 10.5 88.(C 10. 2 3921 1.1 4 4 . 7
P S°E 20.1 0.38 1.99 0.37 170.¢0.0 1. 43
Pval 0.0Z 0.88 0.05 0.9C 0.95 0.0 O0.74
Weight gain (dgni t=i &li nwe i gvleti .ght

2'Weight gain (%)ni= i(aAi mieelii galeti)g&'it ght T 100 %.

3'FCR: Feed conversion ratliloni2 iFde dvea fgfhetr)ed [/ (
“PRE: Protein retention efficiafcwynpitiati wal gwe
initial protein content) I 100 / protein inta
PSEoolPed standard error.
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Figur &kkesponse of juvenile shrimp (0.28

with protein concentrates (%) over 42
shri mp and t he repl acement fi shmeal
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Figar&kesponse of juvenile shrimp (0.
with proteinoevencéldt datyses i Q%)Y ri al 2.
shrimp and the replacement fishmeal
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CHAPTER V
USE OF SALMON BY-PRODUCT MEALS AS A REPLACEMENT FOR ANCHOVY
MEAL IN PRACTICAL DIETS FOR THE PACIFIC WHITE SHRIMP  (Litopenaeus

vanname)

Abstract
A series of trials were clintdugd reae Mmsiotha nPnaa
eval uate tdfie teavfof iscailectmocny meal s as Tdempbaa seadl tdoi
contained 200 g/ kg anchovy meald0Q, whi céhndvalsO %
sal mon meal on anAd diotrdiidartadg ewneorues fboarsmusl.at ed w
sal moann meo replace 50 and 100% amdhocwyt @adal .

replicadafe 3y%5 oapmd 30 shrimp per tank in clear

]

especTlhevekbkuggugeeds t iat growth performance and f

statistically different when sal mon meal repl

=y

ydrolyzedwaasl meerdmeal replace 100% of the anc
t he sshirginmpf i canTftHe fdeewrr ekaisnedds. of f kpsrhondeuaclt (naenacl
and menhaden) were evaluated in an ingredient
t echnOvoeeweadry matter, ieomde nagnd,inag r meied ndhialnidt y of
meaéersei gni ficantly higher than those of menhart
demonstrated that sal mon meals are a good pro
Keywakidsopenaeuasn cvhaonvnyalmeee & Imenép sal mon meal , F

me al |, growth trial, apparent digestibility <co
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1. Intro duction
The product i(dmnod ffiissthneiall i n many areas of
as these fisheries arfei sshgreladman a @gend .f rld onw envad ru,r
variable and is at or beyond maxdemarnasuusittaii mg
in hi g@gmdppiroei ding an economi Thempeauwsraones mbe ¢
and -maorni ne i ngredients originating from agri cu
potentially serfvies limesalmni @gminead sDdwirs, & RoOUS
et al ., 2012; Xuan Qi u, Ti akny,i n&g DSa vDasv,i s2,0 1270;1 1
al ., 2009; Tan et al ., 200Howewer Wamany Lof tShue
signifiicanti negdgdfuoshiimee achoemmp| et el yymrephacedgweth
One of t hesintalwlre sreeamoome i ngredients typicall
nutrients (such as protein,samindes aa piad aa,t afbd tet
can result in asdoompamBedaoeseambMEethe HFMtritio
many f arpnee fse rd titisdhlmaedadl i n the feedhusiviestill i f it
important to explore new protein sourceghich are coseffective, sustainable, and
environmentally friendly to reduce feed cost and support the rapidly expanding shrimp industry.
Salmorids areoneof the most successful aquaculture speciesttadnnual average harvest

ofsalmorhas i ncreased r api dHeproductionof shlmorasagsotvn ftomo d e c
a few thousand tonnes in 1980 to ab®® million tonnes in 2014Abolofia, Asche, & Wilen,

2017)YMe anwhiilned u sathrisyp oiks ng f or an al tperrondaultidv eo fu ste
sal mon sl aug®@urerrd mtg epsrtosceebstse sc omd &ll>s thhheath eaper a
dietary sour menbfdprhoSmediano t hmeaap r @aduwlctis shdbwe s

their potenti al as fishme&lehremlg&®ce médatr diyn an
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suggested that tslaéd momnti dmemadpli @®acne 025%i akchovy n
some innate respo@rseacar Hymrc)rusinmydw tst scoawtsi(ng ne
i n grJoawrehs. et r apor (s€ad InBohna ame @Il HORe r r i nign niehael
manuf aditaftr ecded Rangl ct Abdé¢é svi d dormtungperhoamti sciugjg o wt h
perforamanee onomncabddaef ot e morf L E&tpegd etnteantt i n
7% sal pomdabsgrtapmacderf f shmamal i ncrease feed inta
efficiency for rainbow trout.

The successfsuadl nuotna hniezapglr b dimyc 065 asf carr adpt & o a m|
fi shime.agd mendmdlRonv)ya e afli s hstfheee dpso pikn dbidcea saep o f
prodiurctt he di et f orL iRaocpiefaace aihenit bogbsjhevaetinpt hi s
stueyteweval ggrad wt h hger f or man codP aacnindh i fteee dshhurti hmpi z &
we If @ddi et ss aulsmonng r medtule trsapmilc ® © @ y ntadeeatler mi ne t he a|

digestibilf tsyal anoad foetailetnde sas commalnetd ov.g menhe

2. Materials and Methods

2.1.Experimental diets

Thei f ffeirsemmeal s used imenhademsfeiaghtmealnc( Qe g
Houston, ,aX¢chd\Wwyw)mealo Austr al Company, ) Cardon
sal mon m8al-mgESiMgr do Austr al Company, )Caarnddon a l
hydrolyzed salAmomomé&alOmHSEMdo Austr al Company
Montt )PCbkl mate and amino acifdsbdionmmpbesdit e ohs fa
Tabllen 1t.he grlolwtthe st udliyet sa nvenoiet rfoogremudl uag iean do ni

bastios c o360t agpnkogt e i 8 a@hd&pgi d )(TThaeb | @ LRalwadi pri mar
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composed oafnchOO ,vgdmas kgbear 3Memwgh lge aaimhd cor n
staFohr expdkiratmnenwearle produced by suppl ementin
okal mon0 Mm% 183 5anld/ et ) t &O0replba@aendd,100% of
meal , which wBasesaM®28, gi®ed asd SM100, respec
experiment al d iwei ttsiv ow el reav ehl psd2 mbofls @atl endd n InBaanld ( HS M
206/ Kget) toamceépla@mh®vy0 meilch wer eHSddeOs iagmndat e ¢
HSMO0OO, redmeatdidveliyon, a reference diet for di
digestibility coef fG cgdekmgosmiicn ocxd mdjeu nacst iaonn iwietr
repl atemechni que.

The experiment al diets were produced at t he
School of Fisheries, Aquaculture, and Aquatic
using standard prodedtus ewedobpshpaimepqepltelda siprye

ingredients in a food miX®mni(nHiotbeasr.t ,HoTtr owat el

bl ended into the mixture to obtain a censiste
pell eted using anmmeaadte. g rTihred ewo i witd dp édnlt3ot sa wWeorrec
oven A®) 4cbvernight in order to attain a moi st

crumbl ed, packed in seal2ddC)b augnst,Alalnnde bset eodr negdr e d
and dadreens|l wzleehider Mi sgoofi Agriculture Experi
Laboratories (Col umbi a, tMiOg n U&SrAd ( & dpir nogigr/akogji dha t ¢
as islaf3Iabl e

Processed tphelnl etvalwearted for pH and dry matt
f edds,ampofespel Ipled csebde @askeceornt a8iOn immlg dei avrhii zend waast €

stirred and alnleoiend ttroiTpsed tonedtt@er was #WBeh dec
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supernatant sampl € edpbds u tan kpgrand it IDH anteeddfeyp.enat t er
| owsd measured as the ratio of driyn wae i RphAt ¢ouf b ep ¢
i mmer sion i n waRKaeaemr tflirs Meéendnti nsuwseisght tolir eeach
repl i catwass pfeirr sdtiWedtle@dsS8e gi rodd drcyh -peedht nP¥E&€ t u
and epllnacs hakesbh abkaeisimo)nt atianpit egar 45 Wai n ihtewd r e mo
each scrieedme eamodv edr dr yYChg atcafstragntmawwaeghtl .0SE
cal culdaitfefdearbeyrdee cLriinb eadhdbyCuzon (1994)

Dry matte(drwesgtii{l®df ccr e iTohmgr sviedbigehtt aofft er

i mmer sidondyayndvei ght of d%2Q0 before i mmersi on
2.2. Experiment procedure

Two growth tridal someé ear ¢ wmdamooknye grneean wat er
(outdeorycul at isryg (a&gwSahceu | ctlueraer wvaasiaeli rn tsayi snteedm i n
i ndoor abBELi IVAi nSghel | FAwsthhern B)8Mbe nddeenmiiteed nat u
I i gvin talmpl2 4 hag ndnnot nat ur alt fhoaosd isdoeunrtciecsa | t ank
waters system but includes a fluidized bed bi
gual hérygenT wanwaesro ntdeidad mt doyosraé¢ mCl aude Peteet N
Center (Gulf ,8hiowdessa,nadiygle hWAA)e natur al Bptrlodafct i
t hreesear cslit os g sas eareanft r al reser®o2% HKHplcOODOulLagt i
circulkahypehygy tanks (0.85 m height x HBh.nal2 m u
suppl ementFalr 4 dveatger re essyestoenmd, samp pump i s used
water from a shrimp producti on pohide ttwedenhe8 ce
h an@O0 1. This results in the replacement of s

produtbi mi myc a pr odeuaccthi a m npko rach da eetgtoit npgp.e dr &6 €
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two air stones connected to a 0.5 hp regenera
| D, USA) to supply aeration.

Pac iwhiict e shrampaepowe rfer o mb tSahirn entp | mpr oveme
(I'sl amorada, FL, USA) and nursed in an indoor

they reached an appJuwwyenialt@ rsihtrziieangd Onretd3nd shapai rgchh
and 0. 9Bgandomit gds alnec2s5 oatkdesdh raitmpn pehetahé&ar

green water trials, respectively

During thefogimrowtelplt ciadle, groups per treat men

f etdwtoi mes per day i n,atnfdeugpmedapwbherhsyslteamr w
I n general, feed inputs are calculated assumi
one gram, then gain 0.8 g weeklyfwrthkl|laeafewd

foll owi ng decki rsg askdraantdeQ@i yu oebtr ala.i n( 220 27 )g we e k |
of 1.3 fofoblrewmmuatrke fetedS gk witm@ataemgd Dbdvi s

Shrimpthe cl earrwattconung st emce a week to ad
ten end of the growth trial, shrimp invedch ta
bi omass, me awe wghtghgiao Fe€CiRn r et ent.i oAf teefrf i ved iegh
and countineg tsthea isnpr iprep, tdankd weenrde frradd@eofird syt s
whole body samples to be wutilized for | ater
whol e body was determined by Dumas combustion
Vill eurbanne, France) .

Water tempeaiantuaienenwdasatm around 29WAKe aitsémg
(Aquat-sgstEecms | nc. , Apopka, FIl ori da, USA) . D

saturation (6 ppm) using aipt amtko e st hi ma ecaocrmos
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connecteandroatai vy bl ower. During growth trials
salinity were measured twiacamdaelyinostngmanty
Springs, OMvasUSe)awupgledd weekly usiTregta 3mat ©Oaft
instrument, Ver,aod HbthE, ammpniU8édmpeabl gyged and
per WwWadalkr cl ear swab@,r tceoempmernatowmr e, salinity,
and nitmaitret anenréd Nnlgt 2229 . 73 NC6 358 wWpPIgH62N0. 44
0.20RN0g. Gl&and. 12Ny GlBespect irmgeleye.n Uwadtee watcemdi t
gual ity DOpnctedpergat uwas wmsmaebhsnred, tpwHce daily
mul ti Mm&ter YéIl | ow Spritnogtsal CGaHnmolhd AQ)r ndanedd ogénog
nitratemeaddurogkenonce weeklay npai7mead Nfg §b6 wer e
27 NR7A€6 . 6 5 Hh1lp.74 ® 4 NO.. 218Nm0y. '5l@n@. 52 Ng. '§L82. 10N9. 33
mgL', respectively. Watall qunilalty wemai siuionabli a
survival of this specie.
2.3.Digestibility trial

Thfeor mul ati on ofi shlobevnr efiTehflea bdti eg edsitva tlodf f ietr v dd i
to gr 8slpsi( @ average weemgdl pweS8htiompccl i mat e
daysatteest diet before starting the colelreecti on
cl eaned. wihtah eshhfreirmepd a sl i ght excessnodt érefde e
warse mo, & etdhe Werc®lsectiphomiyng Omtnoe sah 5s0cOr eegre. Shr
of fered about fiwvehffeedaeds nglst gpiemedd ayf t er t he
Col | eecctesdr efnsed with djasntdidehedewapilearssteiacl ecdont a

in a freezer for Subesreequéeprtt adalfpsi Soubamdplys:
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guantity waosr oabntadDiynsdeds e spgonplleeds by t ank and t hre
(n=2%Y)yuetwi | i zed for each treat ment.

Drmatter, cramdnae pgndedwiemr mi ned f pand hien gfreecdail e,
sampl es taestoallli inghed pr ocedur € hsea nprawmdnew | pyrzcetde i
usi ng tKjeelndiachrloMme &8hdd az@gasmselrP4y2 )as et enmi we d
usi ng -@aalmo rcirdaeatbraitci ca bomb wusi ng bé#h5,0iMolaicned, a
USAAmino acids were anal yZLedulmpi @dni Agrscuytaf
Station ChemiCbalomLabhexatilgrzw.d fMclGionwniinsg atnhde Ka
(19p4pcedur es. Apparent ds) ge@d t itthiel idiryy cnoaetftfe rc
energy foereazgthedl €hedgv ISy i nger, maend oBlaylsey o( 1

ADC of dry mat(tleond(@t)f =i/ f @ced) T 100]

ADC of nutri enf Bidore t@drkye gCds)( @) f=ecal nutrien
/| darey nutrient or energy]] I 100

ADC of the test ingredBentsuweaend dabhcglaoneédj

ADC ( %) ;5= AOKPAD ) T ( 0 ,JOTI. NBU N v

Where ABCthe apparent digestibility of +the
ADCLi s the apparent digestidofiernernyceofdinead rif R@O)X s
nutrients or energy ,@nmc ggirtsatit be nhotrtikeent §
enecggcentration iOh the test ingredient.

2 4. Statistical analysis

Al |l katenalwyzed wusing SAS (V9. 3. SAS I nstit
Ssubject-wdytanahgsi s of variance tPx0d®taenmomigne
treatmehteswed&bynuTuke@ye comparison test to d
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treat menThemeposl ed standard error was wused acr

treat ment i s the same.

3. Results

3.1 Growth trial

The growth performance o0fhdyisthfrieymme sodaimed £ do fd i
sal monunnekaelac water and gmpe e ewat®a niégiolbniddeirt e o n
cl ear wat etrh ec ornedsi uthioosndsistfhioeve &dmnm oas Rit omdbH¥H, 624 7
survival (92 -L9g798%Nnal FoR a(n15088@ .8 Hpt,e r(ckeMiVi) h t
ga({ b576WMand PRB2WERMh.eh up to mé@wkwsameipoboayged by
Howevdre, growth of s huos nhpygdizeedd wsiatl hinanhcecmedplleett e |
replhacédovwamesailgni ficantl yseetiladedi tbmpheeldats.
diets containingUddéfegeaéenl eaeés obdbn&Mtion,
t rethrdder green water conditi onsf,i nalerB0D dawadS sn of
t 833905 surviwal FGR3) ¢bLfi9Mal mean &Hkl1ghtg),FM
percent wed&ROMHP gaanid8 PREN)( when upntlbodiwadsdbe al
replhbay e®M. i fmgpd wi d shisrdd enb st omea @lp laanade & BB®Pooevayl m
hdsi gni ficantly hi ghédrhogreo \ftelk upvdmyfighr enld ns @1 nd a n
medaloepl ace 100% of the anchovy meal
3.2. Digestibility trial

Apparent dry matter ( ADMD) , apparent ener
digestibility coefficients for the diet ( D) é

of fered to Paardipgr evharnfeede hADMPdb | A E DfDo ra ntdh & P L
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reference diet were 7pfpet 9.%ylelBds €0 700 M, 9AE DIIB %,
values for the dimemns$ afdi asphpaheam e to e/ dv e wiiedtaddd d
64.98364.0OBd 8%5. &aBdalrmwd8 % I especti velDy. AEDDs ea nAID
APDD valthesdfiets s wmdimomenideaw ewi tshal me i@ m8 a |
and ®%,8.23&n306 % 6 88 da2dd . 5 respectively. Those /
APDI val ues f orfs atl hneo na midegradde I n ¢ a | we m6etm ala2d

47 Y5 ¢ 84 864 %[ 6 8n.dd BAB.%, respectively. Those ADM
val ues f or nehneh aidnegnnamreldh eanrt shwe/rye ndatedl 4B9 . 8. 16
angb5 9% 9 and &®&®B.9%8 Bpreeosdi vel y.

The resultsAPRCsiwedr yehnacdad giginre,f er 8 & hmo wemesa |
significahthgygastkeinhtdadresrmarednic hoevaple.si des, t he ADC:
mat aeaneo®wl monvemecalal s b adsighhyedw @eld s al cho.et me al
The ADCs ©b0br pytdyeeidn sal mem emealgni ftihcaamad e dfi g
me n h afdiesnhaneahi c hovwandeal mi | @l noon. Endeaatit md 1 ngr e
di gestebithl s$lgotwlse same trend.

Thapparent amino aci d dmegnehsatdiebni,lahctbyb nfetad D) v
sal mon mgadal osgkdman meal using 70: 30 repl aceme
whi t e arhe i pfipe s e ntTehde iammd Thabb Ide g& st i birhda nt hya dceone f f
fi shmeahov,samen@lha ngalyzeld sal mmem e me alndgde. d0OaBf r o m
82%,34 .t609 .8%.,8 1 .t8015 .90 h'h%.t60955%4 r e s pMoacstti voefl yt.he apy
amino acid digestidbyddaigarchaeddn afirbadttmp@flerxecretp t
amino acid digeéekbepttyrogpedbehamaphmtagve me al

signi fdiecartalsyed whesecocopauend ngedi moés meal udi n
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Mo s t of the apparent amino aa@iudofmempykesdedi l
fi shamedahchovwemealsi ghhedriecaasndd ywh etnh opscenpiaded
hydr ol yzed.Aspaplamoenmt inbeflailgéy tbekbncinent phehyl al .
arginine, serine, glycine, aabdapian&jhcycdyseilddi n e,
sal momwemeialdaomt hscad enoonf mp phr e ntc odeifgf & sctsiethielgictoyh e
tryptophan, | euc,hnetyt i mhe toleh, yodyayenlde ssi anlaveo dmi egnte ea
to thosApmpmdr es™M. di gest itbhaumifsngel morwWemeeat eab se o f
compamwmatihydr ol yzmdalk al mon
3.3Dietary pH and dry matter loss

All thod aneadgtgr ml oss welrleEhg.edsesnttaended rien T
signil fioawaermrtet hoarm etmhd dpil @ T § esti go6n ilfoi weearh ht@htlai re t
The dr yowmatd e@amd e gni flioowaent It wathandHdtweivre rdi eth e

dry mattebandvati gni thiigthretr| ywdhiagent t hat i n

4. Discussion

In an effort to reduce the cost of shrimp dietgnufacturerdr a v e c otnot i cnauresdi d er
sustainablend cheapeprotein sourcesSalmon meahnd is byproducs have been proveio be
a promising alternative ingrediefar aguaticanimalfeeds(Deng,Ju, Dominy, Bechtel, & Smiley,
2013; James et al., 2013; Lee et al., 2015; Liang, Wang, Chang, & Mai, Rad&jonal quality
is animportant factor to take into consideration before new ingredients are incorpatatskds
(Ahlstram, Tjernsbekk, & Tauson, 2012rotein levels of meals from the pees studysa | mo n
me dl6dgBbhgo) edaamadlyzeld s al m&p/ pnge @theivre hi gher | evel

as commparme&d stad mon hydv xjgysades alembn (Bgpdkrgo!l ys a

97



angdal momnwimealcr us hg/dkads erpeosy Fe®hthgr eThs&mdl.mon2 00 6
me alnldy dyzeld sal moth hoeevhey-qluiagdh t y chrwtd ealpsgothedwme s
AA prasompared tfo snhenmeltbal d @ o h( oTvayy.Heenatle, t hese pr
hatvtéde potentriemds dma bbleec opnres t ie nf reskihdrr igmug. chitd o n s
The ADCs value can provide estimatescah nutr
then be wopedmi aehelhg nutritionall Bralns® nagnd®oama:
& ReighThel9@agyedient digestiwariialyl eo,f hmmewmdwaare
and AEDsbinelpér esent study was 66. 97% and 60. 1°¢
previous stuXi @su,y epNouyed,7Omed hBdethS. 7673%,7 8and
65.-6/B. JarBlrunson e{mahhadd®R97)75. 8%thred d7T4He59 ¢
t rithaghr, otred nemer gy vdil guessait!liobbinwemega | s i ghniigfhikcaannt | y
those afhaMméEMo vy RoHsSIM hehe ABMD &odhddi @dst and
ingredient Iwlewer gihtpmsed iodamt saani | ar nmeon htahdoesne o0
fishamedl anchAaAsyomeawoul d dexmpe eti n idngreesdsdi | it
amino aci dv ad iugseasltimombna hmigtayzr eld s al monhb meaelr t han
menhadenahds ame ailonv yt hree aprF@esne nth es tdu @ e .sail miolni t y
me alnldy dweld sal empe meaé dingebBaddhehtidBmmebbvy me
for sSalimpn me alrneptr otdwpcit csadplry t weti inl isoeid caes i n st
di et s;i nfeermrama,t i on conceahmog nthetghkes tRabciilfiitcy wohfi
l i mihetthe Hawewvedrther éni gherprAdt&€Ced md mieme ragi d di
i sal monanhgalyzeld sal wenselmeardi | ar to not mynrfeEm ent
shrimp duehsas soybfeiasnhmmepaalb nuPemewai anyeast, p

and sh-prmpgub(yX ngiauw & Daviasl . 202009 ;Yadhlgoet Davi
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201bn the casedofgf eame ntDeanngd estp eadip® $(12e0dl 3t)h a't

sal mon test etsodg enel@dicchp shiieiah einmd edldrdease t he
digestibility aoefefri i5eAntln) f o igpi g H©87 %),
(64.1%) of the test diets for shrimp.

The high digestibility value adalmon meahndhydrolyzed salmon mealould indicatethat
they are good nutrient sousceDigestiblity coefficients are a good indicdaon of nutrient
availability, but biologicalassays are required to confirm suitabifisfeed ingredientsn growth
performanceln this work we evaluatedhose salmomealsto replace anchovy mead shrimp
dietin both cleawater systms lacking natural foods as well ggeen water sysns for which
natural foods are availabl&€he present study demonstihtbatmeasured parameters for growth
performancearenot statistically differenivhensalmon mealeplacs 100% anchovy meah either
clear or green wataonditions The reason whthe growth performance in SM100 did not show
much better than basal diebugh the APD o$almon meails 17% points higher than the APD of
anchovy mealis thatthe digestible pmtein for SMLOOs just 34% points higher than thieasal
with 20% anchovy meal supplemert this study salmon mealshoweda much greater
replacement level when compared to the restdta Fehringer et al. (2014yvhich suggested that
adding pinksalmon meato replace 8% anchovy meal has no negative effect on the growth
performance of rainbow trout, and can also stimulate some innate respoasgst al. (2013)
also demonstrated that the pink salmon testes meal can replace up téish@¥al without
impairing growth.Similarly, James et al. (2013howed that up t€00% herring meal coulde
replaced by cheapeyalmon meain the manufactured diets for red king créBaralithodes

camtschatichwithout negativehaffecting growth performance and economic benefit.
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As ment i otnreed fadbworegbl e r espons a scefd time tshher ipm
experiment iIis probaptogrcdomwmdnt htehe nlgrghli ent s u
both nutrient profil e aAmsdtli frfddiradmtyyep ii anphview eal da
similar profi |l ease xacnedl |aernet cnbuhterrideeniteadsdominrscied eer e ¢
t hesePmeakbsysi odallcstasy e ge n earvaololeyd Fbaemetusope ot ei n
asalternabhrdemgtueo t el fgwiguel at Bbr t h esyaiommoen, me all
al so contains otWwli clhotmecas wrnead inmuttrhientst udy,
(Pl ante atndalst er20@®hohebnies | wamot o, Har dy,
Cheema, 1978; Matty & Lone, wW888h Pahi atepoi &
pdror mance, feed intake, Soarsat waed ld 8 eanso nidthimaii & r €
sal mon smenalt dnlsyhrmemaoce ment sour cper,otbeuitn afl osro f
(Dehgae ., 2013; Lee et al., 2015)

For thehydrolyzed salmon meadvaluatedn this studyresults indicate thatit can replace

50% anchovy meal without significantly alteg the growth performance of shrimp. Similarly,
otherstudies demonstrate¢hat the fish proteimydrolysatescan replace 1:05% in Japanese sea
basd ateolabrax japonicuglLiang et al., 2006)postsmolt Atlantic salmorsalmo sala(Refstie,
Olli, & Standal, 2004)and juvenile and adult Atlantic salm&8almo salar(Espe & Lied, 1999)
Theresuls of this study demonstradéhat salmon meais a goodalternative protein sourcnd
fishmealsubstitde for shrimp dies when used at lower leve(21.1%) Hence 10.3%hydrolyzed
salmon meatan also be used to repldhmealthough not as efficiently as tlsalmon meal.

Althoughthe ADC values fothydrolyzed salmon meaveresimilar to the other two kinds of
fishmeal,the hydrolyzed salmon meatas still not as efficiently utilized for shrimp growthh e

potentiualdesfrable taste is one of the dnggest
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of hyempodty&®ust ad, Storr.8n ®&hé&| theplg in BSMb@aDdL 1 )
HSM100diets weresignificanty lower than that in the basdiet The degr ee of 't he
has been found n el asstoeanet d ntshand & ¢Srtheaeh i @fAnt He 9K
espedii glelgy 6 do Dilsy shiedt wecelnd hér. e sent stAAdiyn t ot a
t hhey dyz e ld s a | accoountech#®rariore than&loft ot al Bparscetde iom. 6t he awu
o p i n alatabilityismot likelythe keyfactorcausinggrowth differencein this studysinceall

of the groups oshrimpwereobservedo consune all of the feedfferedat least in the clear water

trial. Howeverst abi | ity maybe asaddhgydrioslsyuzee df. osria ht nioem edni
present study,( 1t7h% bdarsya hreadtiitaet r HVEdd 228di % n H S)M1 0 O
has signi f ibceante echi ftfheer ebnacsea 6 n td aHeStMTivg 6§ hi s hpr d b a
an issue in that hydr otl eyxzteudp irporadedi umcst sw hdioc hn onta
reductionofin hetaabsialtb staegydliuecnetd i nt a kAed ddyt i tome | $ K
sever al studihtagydhaV gzedbhpirsAfAredtn as e fbfoiucnide nt
Afsdue topohenteagqthhi mMgs(lGus,s Zzohfang, Bai, Mai, &

| shi kawa, Al am,|l ,KoZ20nOddo)t h& iMugthaekehdsanAAs

di gestierdt 4 ateinp i entt efsAmbnar dekar, mBei gB09& Wilhluiha
Wa x , & Gr oMomeqver, b @diét Wwijh a high level of hydrolyzed proteguldinduce a

burst of nutrient8 AAs and peptide$ in the intestine, assing a saturation of transparte
mechanismg¢Kotzamanis, Gisbert, Gatesoupe, Infante, & Cahu, 200 formentionedeasos

couldexplain in part the negativefetts on growth performanesehenhigh levels ofhydrolyzed

protein are supplementedSimilarly, dies supplied with Igh inclusion of fish silage ha&

repeatedly been shown affect growth negativel{Hardy, Shearer, Stone, & Wieg, 1983; Heras,
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McLeod, & Ackman, 1994; Niu et al., 2014; Stone, Hardy, Shearer, & Scott, 1989; Wei, Liang,
Mu, Zheng, & Xu, 2016)

Most mdvidillsehrmepll a s € mamhaevgei ebse ehnn c aonli gldo maitt o uwn
clear water cosdgtferadrs ypwha dcuhc tdlihcerf po cancd thtciad nsd i
st wmdeyreey al wuatded cl ear and goeempwavertbendalid
Thegr owt h per f oirrmamatehhotereidd lttsh es. Adalmd | beabé gt t
overal gr swt hmp de .f @.r mauvcse.i3 § hfde( €9d7 u twialdi saeart vi eodn
i n anmiamaslresdier gr een sWheé efcoead emhasthin@mot ei n r et en
efficiency fiom @he évenreoantsea ndiemdpaebdivsyy ¢ o mptahroesde t o

obsermbcedl earsywatfdamle pri mary reasomali & dfitdled § 0 e

ability to obtain addsiotuiriocneasl udiiung i ahgae,(fr bact
i nver twhhwad eéersetatbeb s eF@RBdd pr ot e(iTha croent eenti iad n , 2
data col | egcrteecedn fwaotne rt htdrarah gl odedtyi omimoacedi t i

has greater refe(r®acen,yval uxe6)f or far mer s

5. Conclusion
Results of thisalsmantamdaableidd ®tce | viehtydfiarnt r ac
Paci fishrwidhmp & r e pluapc etneand © BF@6Vrwi Mmkcaiutsigmpai r ed
gr owt h pernf ooronealanrc eand gr eeHy dwzod dr s a b mdaltsme ak
been proven to be a sui tfaibd reimeparkoh reiHopy sdieertc.e
hydywyeld sal mam mealsedb@@wnchbplhigre dAtalgdvhi te shr i mj
practillmderdwvgtteen cgehdi mpeih o wetth s ame trheeasee d

under clFuwtrurwatsetrudiiemp mr ewyweamantngoft htthe proces
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hydyweld sal mmoord méal de nsoanlsmorna nmeparlact i c al di et s

cul ture conditions are warranted.

103



References

Abol ofia, J., Asche, F., & W len, J. E. (2017)
sea |ice onMdaar medReabmo€@8) E34898.06mi cs, 32
Ahl strBm, T ., Tjer s b gkRxlo2tNe.i, n &d iTgestinkidlAit i v n

and new feed in®aeperempitresktotedniak. the Pr
Il nternati onal Scientific Congress in fur a
Amay a, E. , Davi s, D. A., & Rouse, D. B. (2007

t hemcPfic whilLtie opdimaenps (veaanrneadmeunder pond
Aquacul ¢ 2y £4,0312.8 2

Ambardekar, A. A., Reigh, R. C., & W IlIIliams, N
dietary proteins and pulri d6weddiamicauoeetsi dinr
channell cctaa lfu rsisA(@puwanccu laft Buysel,8172.9 1

Borghetti, J ., | wamot o, R. , Har dy, R. , & Sow
androgens in practsiicgeld drnedtd sjmfcekdehpy abr mal
OncorhynchAsgu &d¢ slfttly Aped,5 17 7

Brunson, J., Romaire, R., & Reigh, R. (1997).
for whiPenabus mpAgtuiafcaurl tsur @1 NW6t.91 ti on, 3

Bur eau, D., & Hua, K. (2006Aqubewt ¢ &) 1001588 E

Cho, c. , Sl'inger, S. , & Bayl ey, H. (1982). E
expenditure a@dmpparroadtui cvtei vBit g c hgmi sRaryt ab:d
Comparative Bilge¢He&mi stry, 73

Deng, D. , Ju, Z. Domi ny, w. , Bechtel, P., &

Oncor hynchus tgeosrtbeuss crheaa | i n di eltist ofpeern apac

104



vannpameief f echti lon ypaldatgesti bil i Aguaaual tguroew
Nutri t(i69 »9 1960.8

e, M. , & Lied, E. (1999). Fish silage ©pre
materi al s: chemical changes ddoiumgabkbe of ag
Science of Food( 2a)n-83322g7r i cul ture, 79
ringer, T. R., Hardy, R. W, & Cain, K. D.
Al askan seafood processing byproduct s: Ef
rainbo@ntoohbhwas MWai sdagqmpcul t UB3®., 433
ador-Li Ji enKhaal, L., Par sons, c., Bauer, L.
(2006). Fish meals, fish components, and f
i n pet)lofubaoldsaf ani(madl) -8 €26785R2c e, 8 4

M., Zhang, W, Bai, N., Mai, K., & Xu, W
ol imea hi onine on growth performabceopaedatas
vannameeéed pleannrti cphrdodudicet $ ur  sNw4,6 .i3t9 on, 19
dy, R. W., Shearer, K. D., Stone, F. E., &
Journal of the WodlMKd Ay/Wa3695t ure Society,
as, H., Awcklneaond,, RC. ,(1894). Atl antic dogfi sh
Atl anti cSasamomsmbhaowth and sensbdgyacuwvlatl wrad,

12(52) ,-1 ®63.

me s , P., Vasil yev, R. , Sii kavuodhei,m,S.H. , Kot
Carl eh?©°g, M. (2013) . The effects of var yi
protein in manufactured diets on the survi:

105



sensory quality oPfaradultthodedhaklamps chatbii ovu
Aquacul  uB®®.416

Kot zamani s, Y., Gi sbert, E. , Gatesoupe, F., I
dietary |l evels of fish protein hydrolysate
and resisit@anazreguiol IVathum Dn cEwntope)l hlusrehad.a
Comparative Biochemistry and Physiology Pa
1 4(71) 2 1240.5

Lee, K. J., Rahi mnej ad, S. , Poweld. , M& HKsar, dyBa
W. (2015). Salmon testes meal as a functi ol
based di et s foOncomhwbolwust r hywkams@GB NVall é adm
(Oreochr omiLs ) AAifflugtciud u ur 7R e sleéhaBrecOh, 4 6

Liang, M. , Wan g, J. Chang, Q. , & Mai , K. (2
hydrolysate in the diet on the nonspecifi
j aponCiucvuser(et Val &gj@u)asccrudn edsur ¢ 1R e-Hebadr2c h, 37

Lim, C., & Cuzon, G. (1994). Watiam ¢&tiahielki tpg
7(3),-1255

Liu, X. h., Ye, J. d., Wang, K., Kong, J. h.,
fish meal with @péanmutetmedlori n hpri dP@tpiediae uw
vannameiacul t ur ¢ 5Res82r5ch, 43

Ma, T., & Zuazaégg.,el@.ah(1l1d4e2)e.r mMin@rtao on of nitr
i mproved ramiddstmet Bbd & Engilnyteirdanlg (EBdietmi et

28D8 2.

106



Matty, A., & Cheema, . (1978). The effect of
met abolism oAquacuaul®Rwr-& 718184 .

Matty, A., & Lone, K. (1985) .f efehckiFhgs.thma&malr ged n
(pp.-2AB)5: Springer.

Mc Ginnis, A. J., & Kasting, R. (1964). Digest.i
used to study food ut i Jiouatniadn ody Apmhry tcaupg b al
Chemi s,2b69%6212

Niu, J.;Q.Zhadg, W.an,L4dLn,, CGhen, -YX. ,( 2L0iladn)g., EG.f ¢
graded repl acement of fish meal by fish pi
ear | ¥y ap vatl Paci fLiic owheintaeesshBroianmpa h(ma | of aprg
ani mal r€selabr.6 h, 42

Pelissero, c. , & Sumptietr et odksdulf S9®R9Jes Sitmr dii
Aquacul ¢ 4y £3,0218 8 7

Pl ante, S., Smiley, S., Ol ivedhtagl A.P.C.J . S(t2h
characterization of testes meals made fro
Journal of Agquatic Fo2)d2RMMPxduct Technol ogy,

Qiu, X., & Davi s, D. (2017) . Evapubeméeonh bh pl
based practical di et &i f @p e nRazecuiA g «wca omhainteda e
Nutrit(ibon-1223314

Qi u, X., Nguyen, 8L. Apabewits diDestbkbillity of
i ngredients fiompiPtacp € n ae udyiunmaaenurd adhmier2ed 3ANut r i t

93939

107



Qiu, X., Tian, H., & Davis, D. A. (2017). Eval
as a protein source in pralcittiacmdn adeiuest sv afnor
Aquacul t 4i0e, 480

Refstie, S. , Ol eDPp4)yYy. Feedé&i Btakdal gr elwt K, an
smolt At | &matlimn) sehmoesponse to graded | evel
i n t hAeq udaiceutl.f L)y £3,4392 B 9

Roy, L. A., Bordinhon, A.n, SookWi ngg& WhijtDayi
Demonstration of alternati vile tfogpedsaefusr vtame

reared in | ow salinAqyaawalteusg dRi e-Svedadnoc M| ad(

Rustad, T., StorrRB,sibil &t iSés ziyoe,t Reg odictiks a
|l nternational journal IO 204G Li ence & t e
Schuhmacher, A, Wa x , cC. , & Gropp, J. M. (1

Oncorhynchutedyknsactyptraltleii me dagnuiancou | & aiir e |
15(11)-2815

Shahi di | F. (1994) . -plr6o d $Sesedaffoooodd s p r o&heesnsii sntgr y b
Technol ogy, ahad .Qual ity

Sookying, D. , & Davi s, D. Awh(2elkhopémpadupr
vannameed high |l evels of soyhewac une(ally g ,n 31
14149.

St one, F. E. , Har dy, R. W. Shearer, K. D. , &
rai nbo®wat moug.aA{qrucarceurl (t-Bu)r,e-1 1 & B

Suar ez, J. A., Gaxi ol a, G. , Mendoza, R., Cada

Substitution of fish meal with plant prote

108



Yan

Ye ,

LitopewmarmusmM®aoone, AdqO®a8dyl t(uk)el,1-B23 9 doi : DOI
10.1016/j).aquaculture.2009.01.001

on, A. (1996). Nutritional studies in crust
to practical Adaaomilntgu s@d3NEim=E6.5i on, 2

on, A., Codhi,vakar £mnqgs.estkornrster, |1 ., & De
system on the nutrition and grdawtlhppeatas
vanndgdmBeione) fedAdufatet ¢ntr €d Nelt3§7221 i on, 8

, B., Mai, K., Zheng, S., Zhou, Q., Liu, L.
and bone meal i n practiLddlopeinat si(sH ovoanneh) b ma
Aquacul tur g 5Re4 #443r9c h, 36

hima, $shikaMa, SM,. , KAs$ aimo , S., & Michael,
effects and metabolic fate of Marrsylspgean d @ unse
j aporrCioonpsar ati ve Biochemistry and Physiolog
Bi ol ogg) ~21127D.9

Y. , Liang, M. , Mu, Y., Zheng, K., & Xu, I
hydrolysate | evel on growth performance, p

ep T 1 in jSuvxemihlt d atl imuseg dmeadku |nmuuerng, 5N2u2 rl1i0t0 6

1017.
g, Q. , Zhou, X. Zhou, Q. , Tan, B. , Chi ,
selected feed i ngrleidti emda rsa ef udBro ondlai.otaemed K ruir m|

Reseandh864B
J. D., Wang, K., HiI,(EO01D), Booor Yyoratj od

and bone memdgdpotul meal bybl ood meal and cor

109



for fish meal in practlbictadp edn eed &3 oWf aviPraaime i a
protei Aquevé@dlutui & i2o0n, 17
Zhou, Y. G., Davis, D., & Buentello, A. (2015)

t he Pacifi diwlhipteen ashuAsd umgacnunl atmuerig 5N u-6 4683t5i o n,

110



TabllPer oxi mate and amino acid composition (g/ kg
Anal yses were conducted at Uni versity of Mi s ¢
Laboratories (Col umbi a, MO, USA) .
NutrienMenhaden AnchovlySal mon Hydyzeld Sal n
Crude P 627.7 683.0 646 . ( 662.0
Moi stur 96. 0 85. 3 91. 4 77.0
Crude F 105. 0 75. 7 106 . ( 30. 4
As h 182.0 158.0 160. ¢ 173.0
Phospho 28. 2 23. 2 27.0 14.7
Ami no a

Al ani ne 39. 8 41. 4 42. 2 38.0
Arginin 37.5 38.1 38.1 35.1
Asparti 56.0 58. 7 50.0 53. 6
Cystein 5.1 6.5 4. 6 5. 4

Gl ut ami 80. 2 80. 1 70. 6 73.6

Gl ycine 45. 7 38. 2 64.5 43.7

Hi sti di 13.1 17. 8 14.0 15. 2

| sol euc 23.9 28.9 22.5 26. 7
Leucine 43. 4 48. 3 37.9 41. 4
Lysine 46. 8 51.0 39. 3 47 .5
Met hi on 16. 7 16.5 14.9 15.1
Ornithi 0.6 0.6 1.9 0.7
Phenyl a 24 .8 26. 8 21. 7 23.0
Proline 28. 8 23.6 34.1 25. 4
Serine 24 . 2 22. 8 23.1 22. 6
Taurine 7.1 6.9 8.9 3.8
Threoni 25. 4 27. 6 23. 8 25. 3
Tryptop 6. 2 7.6 5.5 5.7
Tyrosin 14. 6 20. 5 18. 8 23. 4
Val i ne 28. 2 34. 7 28. 7 30. 8
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Tab2l eFor mul ati on of test diets used to evalua

Di et number 1 2 3 4 5 6

Di et name Basa SM50 SM75 SM10 HSM5 HS M1 |
Anchov¥% mea 200. 100. 50.¢C 0.0 100. 0.0
Soybealh mea 440. 440. 440. 440. 440. 440.
Sal morh meal 0.0 105. 158. 211. 0.0 0.0
Hydyzeld sal® 0.0 0.0 0.0 0.0 103. 206.
Fi sh oil 51.! 47.¢ 46.:. 44. 55.¢ 60.
Lecithin so 10.(¢ 10.( 10.( 10.¢ 10.( 10. (
Corn Starch 27.!'! 26.¢ 26.¢« 26. 15.:.: 4.6

Whol e Ywheat 230. 230. 230. 230. 230. 230.
Mi neral' pre 5.0 5.0 5.0 5.0 5.0 5.0

Vitamind pre 18.( 18.( 18.( 18.( 18.( 18. (
Choline? chl 2.0 2.0 2.0 2.0 2.0 2.0
St-&€y 35 % 1.0 1.0 1.0 1.0 1.0 1.0
Ca-Bi bfasi c 15.( 14.( 13.( 12.( 20.( 23.(
aAnchov;FimeraJIIo: Austr al Company, Cardonal, Puert
bDehul l ed solvent extlriamitt esd,y bReama tmera,l ,ALBun@yRA.
°Sal mon mePaelt:, sFailoommod o Austr al Company, Cardonal

dHydrolized sal mon rmealr:doarAiusad raal CompR&aY, Carl
Chil e.

eOmega Protein I nc., Houston, TX, USA.

"The Solae Company, St. Louis, MO, USA.

'MP Bi omedical s Il nc., Solon, OH, USA.

hMineral premix (g/ 100 g premix): Cobalt <chl o
Ferrous sul fate, 2.000; Magnesium sahydtatanh
0.650; Potassium iodide, 0.067; Sodium seleni:
cellulose, 69.664.

'Vitamin pYpemimi xO)g Kidghri amin. HCI, 4.95; Ribofl a

Pant ot henat e,acliod,00%0.NJOc;otBina cn, 0.50; folic
|l nositol, 25.00; Vitamin A acetate (500,000 I
Menadione,-c61l b0l oAkeph&56. 81.

ISt ay -@Ec ¢Zxpooyllyphosphate B®5%uAciitveng&), PDB8duct
NJ, USA.

KT. BakerE, Mallinckrodt Baker, Inc., Phillips
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Tab3dRroxi mate and amino acid composition of e

conducted by University of Mi ssour i Agricul t
(Col umbia, MO, USA).

Di et numb 1 2 3 4 5 6
Di et name Basa SM50 SM75 SM10 HSM5¢ HSM10
Crude Pro 389. 388. 386. 378. 378 368.
Moi stur e 62.1 65.¢ 62.t 65.1 59.¢t 77.5
Crude Fat 86.1 85.t 87.¢ 82.¢ 96.1 100.
As h 76. ¢ T77. ¢ 78 77. ¢ 81. ¢ 83.5
Amino acids

Al ani ne 18. % 19. 2z 19. ¢ 19 18. ¢ 17.9
Arginine 24.¢ 24.¢ 24.%° 24. 2 23.7 23. 2
Aspartic 37.% 36.%t 35.ft 34.¢ 35.¢ 34. 6
Cysteine 5. 2 4.7 4. 8 4. 6 4. 8 4.7
Gl ut ami c 65.¢ 64.: 63.t 62.t 63.:¢ 61. 7
Gl ycine 18. 2 21. ¢ 23 24 .2 18. € 19.1
Hi stidine 10. ¢ 10. 1 9.7 9. 3 9.9 9.5
|l soleucin 17.¢ 16. ¢ 16.¢ 15.¢ 16. ¢ 16. 3
Leucine 28. %t 27.t 26.¢ 25.71 27. ¢ 26. 1
Lysine 25.¢ 24,2z 23.%t 22.%t 24.: 23. 8
Met hi oni n 6.9 6. 8 6. 8 6. 6 6. 6 6. 4
Ornithine 0. 3 0. 4 0.5 0.5 0.3 0. 3
Phenylala 18.°¢ 17.7% 16.¢ 16.:2z 17. ¢ 16. 7
Proline 18.¢« 19.: 19.¢ 20. ¢ 18. 2 17. 6
Serine 15 15.1 14.¢ 14.¢ 14.¢€ 14. 4
Taurine 2. 3 2. 4 2.5 2.7 1.9 1.6
Threonine 14.7%7 14.°: 14 13. 7 14. 2 13. 8
Tryptopha 4.9 5 4 . 8 4 . 7 4. 8 4. 6
Tyrosi ne 12.%t 12.¢ 11.¢ 11.¢ 12. 7 13.1
Val i ne 19.: 18.¢ 18.t 17.7 18. 1 18
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Tabd eComposition of digestibility reference d

Il ngredients g/ kg

Menhaden? fishmeal 100.

Soybea’lh meal 325.

Fish oil 32.0

Corn 9%tarch 21.0

Whol e Ywheat 476 .

Mi ner al® pr emi X 5.0

Vitamid premix 18.0

Choline chloride 2.0

St a% C 1.0

Leci hin 10.0

Chromi & oxide 10.0

*Menhaden fi shme&ane,g as Peg it &li nsdlnect : Houston, T)
bDehul l ed solvent extlriamitt esd,y bReama tmera,l ,ALBun@yRA.
COmega Pr dHtoasisrt olnnc .T,X, USA.

dMP Bi omedicals 1|l nc. , Sol on, OH, USA.

Miner al premix (g/ 100 g premix): Cobalt <chl o
Ferrous sul fate, 2.000; Magnesium sul fate anh
0. 6B®tassium iodide, 0.067; Sodium selenite,
cellulose, 69.664.

'Vitamin ptpemrein x()gg kTghi amin. HCl , 4.95; Ribofl a\
Pant ot henat e, 10. 00; ONibcOot ifnoilci ca caicdi,d,1 04..0000;; B
|l nositol, 25.00; Vitamin A acetate (500,000 I

Menadione,-c61l b0l oAkeph&56. 81.

9St ay -@Ec 0xpooyllyphosphate 35% Acti we sC),, PRSMIi Nup
NJ, USA.

"The Solae Company, St. Louis, MO, US
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Tab7l eAppdargeenstt i bil ity coefficient of dietary d
(APD) for the diet and ingredient using 70:30
Values within a column with dirfdretremasespems:

mul tiple range test. Each wvalue is mean of th
Di et l ngredient
ADMD AED APD ADMD AED APD
Di et (%) (%) (%) (%) (%) (%)

Basal Diet 7421 80P0 90 P14
Menhaden F 64239 7429 7821 3924 6021 66 .2¢9
Anchovy me 6428 7528 78235 3923 6524 68 .24

Sal mon mea 72PP3 82538802 641 84521 8507
Hy dyzeld Sal

Me a | 6723 7621 90PF,9 4725 6427 90,8
P SE 1.02 0.8 1. 0 3.24 2.3 2.0
pval ue <0.0(<0.0<0.0 <0.0(<0.0<0.0
PSE: Pool ed standard error.
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Tab8l eApparent amino acid digestibility (AAD)
me a | (AM) , sal mon ymedl| saB5NHSMNd aillsyshigo170: 30
technique offered to Pacific white shrimp. Va
significantl y dicsf frneuletnitp |bea sreadn goen tTeuskte.y

MF M A M S M HS M PSE P val
Al anine 5425 656 84°6 87°f9 1.41<0.0C(
Arginine 6622 78P3 89°0 91°5 1.1¢ <0.0C¢(
Aspartic A 6122 6729 81P0 8920 1.6€¢ <0.0C¢
Cysteine 5025 5426 6128 75P6 2.84 0.00
Glutamic A 6520 7121 855 90P7 1.3€¢ <0.0¢(
Glycine 4420 62P6 89°3 86°0 1.17 <0.0C¢
Hi stidine 6722 7324 812 90°f8 1.41<0.0C¢(
|l sol eucine 6327 6427 78P°P0 90°f0 1.84 <0.0C¢(
Leucine 6622 6728 799 89°2 1.8 0.00
Lysine 6922 7326 85P5 92P7 1.4¢€¢ <0.0C¢(
Met hi onine 6328 6822 835 90°7 1.31 <0.0C¢(
Phenyl al ar 6126 6423 78P0 874 1.97 0.00
Proline 5129 65P4 88°3 85°f3 1.342 <0.0C(
Serine 5424 6124 80P4 82P8 1.1¢ <0.0C
Taurine 82P2 85P4 93°5 7029 1.2€¢<0.00
Threonine 5925 6526 79P5 87P1 1.71 <0.0C
Tryptophan 6729 7228 79P8 93°6 1.5 <0.0C¢C
Tyrosine 6228 6821 80P5 94°2 1.5Z2Z <0.0C¢(
Val i ne 6127 6428 78P3 88°f2 1.7¢<0.0C¢
PSE: Pooled standard error.
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Tabd e DdpHt and dry matter | oss dat a. Val ues wi
significantly dissf freuletnitp |bea sreadn goen tTeuskte.y
Bas SM5 SM7 SMI1CHSM5HSM1(PS¥E Pval

p H 6.3 6.9 6.3 6.9 5.% 5. %0, 242P<0.C
Dry mat{®l16 13P 122 122¢20.°% 25960.€¢P<0.C
IPSE: Pooled standard error.
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CHAPTER VI
HYDROLYZED SALMON MEAL AS A REPLACEMENT FOR SALMON MEAL IN

PRACTICAL DIETS FOR PACIFIC WHITE SHRIMP (Litopenaeus vannamgi

Abstract

A series of growth, feed stability and col
effi caalymepir obdyuct i n praadtfiiocalwhdiitteed pehfraderasR v an
Thi s i mscall urdeend obdye atl (Sal mamameal ag8NMiHydr ol yg &t
sal mon mealb:asti3eM) .colrhteai ni hhpi 52Wgskgn8Mement al
50, 75bylEt8®W)produce five test dwatssimséddiend W
evaluated gelatin supplementation (Tri al 1) o
produced using two proextsrsudhagd comdliftoromed (Wiatb
of fered to shrsiymspilThe rmeclletas dvamemstr abe bleat
usedepbace with HSM; however furthefron nchreiampe
The addition of gelatin reduced | eaching but

Three were no detectibl e hef fdeetts. ofRepid| adj u stdm

performance of shrimp has not influenced by

practical diets; however, hiegher pleavelrsmarnesul
KeywokbkdsopenaeuSalvmmonm amedal; repl acemen3al noyndr ol
me a@r;owt h tri al ; Leaching of aromatic amino ac

1.Introduction
The Paci yc whtidpee nsaheruiseipvtamen amae 3 t val uabl e s
aquacul tur e, accounting for 70% &Afs tshhe i mpt dle
production continues to expand, it is critical

sour cesbea huaste dc atno me et nutritiowmdlatarmdsc o Lto nrse

120



work has been conducted on strategies to repl
squi d meal (SQM), or moder at el yf reoxnp ecnosrinv eo rp rso
|l ess expensive ingredienXsQiou etpXndbdmaQi2d,b8Tiod
Davis) &B0udies | i ke these are i mportant for t
on a portfolio of i ngr edieeendt sc otshtatd ocvann abned uas
i mitations.

Fish silage has been shown to have benef.
responses at higHevr BegveilRedisf, 200 $i)amd&k aSst an
such Iow inclusion | evel are often recommende
of fr eaeciadniannod | ow mol ecul ar peptides, which n
and growt h (Qolesrefno r@&mamMocpere ee2@mmM7r no aci d may hav
rates in the ani mal as (w,mpahandg ,wi Bai),DaMais,nt &
and Duame@Pd01?)Xd that there was no cl ear asyt
hemol ymph for sWrimphofghetededsebs free aminc
would include increased | eaching as well as p

High | eaching rates constitute direct econ
gual(Metyyer s, Butl er), BeiHmag't hsirog lsulbyl le® &tdelrage may :
the pellet. The fwaddkrcasn albe | mdad/i foifed hby | i mi ti
and through the (Arsg ®&Iifé da rnad i-BhogMeatigieat@sD h § et a |
2004 adjust ments of(Akihreb opded l)xett amld. ph2@Ppasticl
i ngr e@laé Mtos Di vakarp@an, & Tacon, 2002

Il n previous work, our group has observed s

meal with (SHM) momd mewdr ol (y&@M), sraé snmerc tmevaedé | v ( da

Sal morh anse able e n & htsoavbnle ¢ loa bemeatnchovy meal I n sh
there were clear Iimits to the use of HSM. Gi\
this provides a good model to evalvuatewimg us
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t he d@awalodatpartially digested proteiAs M s aicht a

|l i kely an issue, we evaluated two different p
of gel atin as bi nder. Actseeccond guobdbbr ttanak
demonstration under practical conditions and

perfor mance.

2 Materials and Methods
Two s al-pmoondubcyt meal s were obtained fRwer tFd or

Montt, Chile. One meal was produlRetd) unwfkirl ¢ rtak

is a hydrolyzed powder made from sal mon sil ag
used on an isonitrogenous basesalnonatwother eé i
sal mon meal as a reppbadoaememeafor ThabkmworByi nc
|l eaching trial, and a palatability trial

2.1 Experimental Diets

The experimental dietsnwmalk Nwuobdiutiednaktabboea
of Fisheries, Aguacul tur e, and Aguatic Scienc
standard procedures for shrimp feeds. Proxi ma

are shown iinetTabwer d.pAépagedubyg mhgredi ehespi
(Hobart, Trogypl®WHputUSx) Twoe di fferent process
to form the diets. The first procesearnredhitchh a
form diets (FD). To produce these diets boild]
mash to obtain a consistency approprimant @i feor

The second process prodwuaceddabeoxtan wdegd ekitetus e (

Ri beraso Preto, Brazil) and 2 mm die to extru
both cases, the moist pellets were then place
moi stur & doenstsenthaon 10 %. Dry pellets were crun
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a fr exe0zeAC)( until needed. Al the ingredients
Mi ssour i Agriculture Experi ment St auSA)n fhre n
proxi mate composition and amino acid (AA) pro

I n the first growth trialsnidirxgteestu pd idantds bvae
to congAkgoBeOn giikayi @8 (FTaElpeerd)mentptodueed vy
replacing the sal mong/me@wi tihn gtrhaed ebda slaelv edise to f(
87. 8, agn/dk glit 1o7 .r12 p9 0a,ce7 D ,and 100 % of the sal m
designed to contaighlg@®@0 @i htShMei twintthe nZ0 of redu
compare the effects of processing (ED vs FD),
Diets 2 andoédwePeorvnmgte and amino acid com
presented in Tabl e 3.

|l n he second growth trial, six test diets (1
al beit with the addition of corn ¢gfKthei r8i xdrmc
di et was equwivtah emid dadj DI tee h S5SwiHt e gNaOHtlmad h et
adjustilo0obeopHdi et mash (wddriouwani kfhlpalsdd) miva sl ep
water (3 replicates for each diet). The diet
all owed toOsmbbutegeahdrpB recorded. A dilute
back titrate the pH of Diet 6 to that of Diet
to foRPmoxigmate and amino acid compoBahlieons.of
2.2 Leaching of aromatic amino acids (AAA)

Leaching was determined by measuring the |

have been I mmersed for a fixed amount of ti me
extrudednealnd wieda e eval uated. To esti mate AAA |
was mixed in 100 mL of dei oni zed water in a 1:

bath shaker seAC aWatleir0O ggmp laensd v2edreer et a kne nt haef t\

for 15, 30 and 60 min by wusing a 10mL syringe
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Om gl ass fibre syringe filter ( What man Il nc.
spectrophotometer after z earnccien gw avei tthh edne i noena szu
spectrophotometer (PerkinEIl mer Lambda 25 UV/v
257 nm for phenyl alanine, 274 nm for tyrosine
2.3 Estimated feed intake

Feed i ndsatkiemawtaesd using diets 1F and 5F (Fol

trial 2. For this work, 10 shrimp were stock
replicates per treatment for trialflabhhdtBe d
in growth trial 2 were divided and used twiceé¢
wei ghed and settled solids removed by siphoni

day to each rmigpuarTiouarowlireelcctBifng | oss from t he
placed in empty tanks which followed the sam
consumed by the shrimp after a period-fodod@d0 m
items rembwee€ez édr s. Unconsumed diets were ther
di fference with the additional correction of
2.4 Growth trial

The two growth trials were conducted, one
anot her green water outdoor system (Trial 2) r

system was maintaineed iWW &rheildd FhdrstheoanledsACe nl

and received | imited natur al glriegemt .waltte rh assy sit des
a fluidized bed biological filter and bead fi
was conducted in an outdoor recirculation sys:
AL USA) , wanapedvaso mhave nat Boalh pheduetsiewirtc
consasteantral reservoir (~1,000 L), a 1 hp ci |

polyethyl ene tanks (0.85 m height Xr L. azndm

suppl ement al aeration. For the green water sy
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water from a shrimp production po'bdttwe etnh e : el
and 12:00 h. This r esen tvsatienr tehvee rrye pfl eaww edreeynd,
productivity to mimic a production pond setti
an air stones connected to a 1 hp regenerat.i\
USA) toesafdmbg.ra als 1 and 2, juvenile shrimp
wer e -shoarntded to uniform si ze amad arra mad coml y8 0sOt olLc
which are a co’mpoRidmdo of rm@e i Bc wlhatiimpn pseys taegm
or 30 shrimp per tank.

I n the firfsar g®ibet  1ri alexded 4( Diatds 5) amd
wereowveedlaydpe Miloedh di ets were used aesxterdrepl i
as threes mepliddatt . | n tahses igkprmesdpd | g¢grad vetdh gtr roiugls
over-day5@Ruiiionlg t heshgmriomp hwere afled 2 ti mes pe
system and a4 tiinmed eped elar gweanteepraissy shiteeemdc al cul a
the shrimp wild.| doubl e their weight weekly uj
conversation ratio (FCR) of 1.8 for <c¢lear wat
to gain 1.3 g weekShy iwipt h nFQGReofclle.ar water s
to adjust the daily feed input. At the end of
weighed to calculate survival, bi omass, me an

counting t-Besbhimmppe# tank wer e T 200Cdodnmolry wsheoll

body samples to be wutilized for | ater protein
During growth trial s, di ssolved oxygen, wa
twiael g usi ngpar aielt emu litnist r ument (YSl, Yel |

ammonia nitrogen and nitrite were analyzed on
was measured twice per week wusing rai tTrhaeetrenoweO
anal yzed once per week usidgdémmoltear tewatekidt

temperature, salinity, pH, rmaitmtl aGameabimy.t80ni t r
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27. 78N08 .6017 WIp84B8NO. 22mg O'lan@NO 5 GBy.'r8e s pect i vel
Under green water condition, water quality in
nitrogen, nitrite nitrogen, and nitratmreaditro
a6. 72 N. 988. 6 2ANAL.09 D 7MNAS ..1392 N00.. 0301MnGy." QaL. 7 2 MGy, 8 8
L',andl. 60N6LY®empgecti vely. Waterl quei aty wendi
nor mal growth and survival
2.5 Statistical analysis

Al la dwmdr e analyzed using SAS (V9.3. SAS Ins
data set in trial lfemd #) etbeigrowihldat at se
consumption (Cons)&é daitat ®f we imeaw sy kgomallt walii $ado fo
to determine siBrD)DBamwmnhgditffeat eneaeéds (ulftoil g loe
comparison test to determine differences betw

Possible correlations between pHeSM olremwaenic ea
shrimp fed with Diet 1 to 5 were assessed by
acess the possible correlations between HSM | ¢
fed with Diet 1, 3, 5bbanhweén addi pgsbéibdercanpg
form on the AAA | eachi ng lonfd esphdrhiensph t fweads wpietrhf oC
compare dDhifdFrer 2 htFDinett r53 al 1 on pH, consumpti o
1, and the shrimp growth fed with Diet 5 and
trial. Linear regressions were performed to
repkement with HSM and the responselLeaé&gndlelses

was al so used to tesweitghhet egqauian i.anyd onfie avna rw eaingcl

3. Results

3.1 Growth trial
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The growth performance ofvaghroiump | efvfedrse dofc

clear and green water conditions Tdiree dpreds d rotr en

|l evel has significantly difference on the

There is no inntHSMa atdidort i bt wWeear e | and diet f ol

shrimp fed with Diet 1 to 5 (Table 6). After

58gbK&M to replace SM in a practical wehrgihmp d

survival, weight gain and FCR (Tabl g/ BHM The

di et exhibited significantly | ower biomass th

Under the green water conditgbkHMt heereplbh

in practical shrimp diets has no significa

suppl ement | evels ofHBEM iherfiasald bioomads 8§, m

n were signifikE@wWwasysdegnoi inecd achtstebaedt Tt hteher e
significant difference between Diet 5 and
the shrimp.

I n both trials, the replacement of SM wit!l

particularly at the higher |l evels of inclusio

both trial g0; Do3neanids afnoort hDelrali s1 ,f otrhDe3 rteog rDebs. s il

andi MWthe first three=-H8elI&2xare JIE32r7 (R

P=0. $Or8d3=-0. 0502x + 5. 5B=30L.(JR455esPpe@87¥ely. Thel

decrease on t hhe W® wanSdM MW piBhactement i dDi 8t The

WG (%))iand h®MWI @t t hr g1&¢ diSe t7sd daxr e+ BL32r. i9b

P=0. 0am@3dB+~-0. 1164x + 5. PI=07.)00H pectOi. Bdldyi c@ahere

decrease tade ™MW fwot hWéncreased HSM adding | eve

1) in trial 1.

Il n trial 2, the regres)sinon hlei feg sftornt hWe e( %

bwsa= 31.7x (HR=3090PED3 2adBW=-0.0496x + 9.7283 (I
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P=0. 34666espectively. The regregissipobhelliass ffbr

descriype85b9 85 55(+HE40.,30P00)a0@3D. 097x + 9. 808E¢

0. 15290, 2088 spectivel y. The WG in trial 2 al s

increased HSM adding |l evel, though there is n
We al svetded else¢ t o test the equality ®@f wvar
test 1 sP>0e)glast i ve (

3.2 pH, dry matter loss and feed Consumption

I n trial 1 (Table 9), the dry matter | oss
than Dihat DDF. The pH in Diet 5F was significar
9), the pH of the diets decreased significant
Diet 4, 5 and 6 was signif. clamtd gn $id gmhmteiron htam
no significant di fference observed in consum
coll ection of the consumption trial, the shr
consumption confpead ewli twh tDi ethrl .mp
3.3Leaching trial

Leaching of the aromatic amino acids i nc|
Tyrosine (Tyr) (O0.D. 274nm), and Triypitetphhn J
5 and 6 were measured as a proxy for water sc
each aromati c ami noTyrco spsmesoendtye dt. h eA NiCaOVA Pr o @&
| eaching of Tyrosine mtTablfd ex@ntThe mei n st po e
Diet 1, 3, 5 and 6 (Trial 1) which were used
second column presents the results for the <co

t he eftlffeet moand use of gel atin.

ANCOVA resul ts, i ndicatevahae oh blbé hmodeb
times all have significant difference. I n the
the | eaching of MHgyweseneg Bahed®&§mis no signific
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Ont hceont,r arhye HSM | evel has no significant dif
t harse a significant differenclehe nr éseualcthianlgs cats
there were significant interactions between d
and 60min.

In the second column in Table 10, there is no sigmifignteractions between use of gelatin
with diet form in the Tyr leaching. The results indicated that addirg/kRfgelatin in Diet 6 had a

significant effect on the leaching of Tyr at 30min and 60min.

4. Discussion
Based on the resablisthfeda spruaelywi,ods etmary sup
and hydrolyzed sal mon meal i n practiwiatl haodutet

causing impaired growth ©performance for shri

-

especti veollywpwlsn utdlyi, st he objective was t o eve

sal mon meal to replace sal mon meal as a feed
bi ol ogical positive response f areptlhaec el cSiM H SIM p
di ehtoswever, higher | evels resulted in signific

To our knowledge, hydrolyzed sal mon meal h
diets, howevesimabhacowpahed weéwei es on fish s
fi8Wht Wg2kgshmeal I NnWeti h e Lhasnagl, dMuet ,ZkRpongt ednth

—+

he -fuillttrear ed hydrol yze®gf Hgetprogteroteam i aplac
diet as a fishmeal rr Splpdbé¢emanmubv ghik klygdse s meal t
in the blaemy, dXet , Qi an, lsihaorwge,d drhdat Wan g h( 20 1 4a

used to replace 11% fishmaalal pcodt &iy Vi foghi kigh® e a

fishmeal i Xut ke halsad 2sDulgbdlecfl et ahywtprli®t ei n c a
by fish silage protein without compromising t
we utilized a relatiwedle)l ow Itehvee Ib aosfalf idsihente a
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utili z0g/ KMt asb6a replaceWweinet amhy sprequail s Wwhi 4l
i s similar or higher than other studies.

I n both trials, tgeKgMdi hi shrompmdrett haas
decrease in growtwyn, petrier mahecei esSi ali $ar have ¢
regards to using higher | e Halrsdyof Sheahes] | 8&0c¢
1983 one, Hardy, SheHdyerdplf & zsdhc onteta,l 1hB&FE hi gh a
acid and small mol ecul ar peptides, which may
(revi edMesddenbyand )Tophaeny 29tlddies reported that
cause potenti al | oss of neutbreitewnetesn afnrde et haenri en on
protein in int ésnbiaralle kuaprt, a kRee i ayfl® cAhABsh Wiia lc hie a ms Wa
Groppy,) 1997 desynehr omeg mayeshkhomti | abl e for t
affect grow(Harmger fed) nadlo ey@addrgd3 and )Dudaemo n(s2 0 la#
that there was no clear asynchronous uptake o
the high | evels ohrdmees AAbs dHremptcieon ai symrcobal

influencing poor performance.

Leaching of nutrients, changing feed inte
mechani sms t hat may influence shrimp mémnfgor me
trials (Table 10) clearly indicated an effect
increased | evel of | eaching as HSM |l evels inc:
performance. Un f o rptruwmncaetsesli yn,g tchhea negfefse cwtesr eo fmi n
changes that occurred over time (Fig.3). That
compared to possible reductions in |l eaching d

Anot her ypossitiialti t he hydrolysate produced
the feed consumption trials, the feed intake
HSM with both tri alRsefsshtoiwe naghHiteah e [(s(a2med digpioer nt el 0

that the increased fish protein hydrolysates
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di et and produce i mproved growth. Fish silage
result of the fr empepatmidneos aicnicdlsusand swhalclh i s

performance dAkdnesh, oHopme,r iHMfpst mMmAZAhkng& Al Bngkt

Wan g, & Chanlgt, s2h0olu2l d be noted, that intake i
instability of the feed will add mulitphies edirf ra
instability of the diets and estimated increa
was an apparent i ncr eafsoer mann cceo nosfu niphte osnh r igmpo v

HSM | evel s weeraec hiinncgr etafes e eft r ovm utl d be consi de
point of view of attraction but a di(svafdevraan,t a
Kol kovski-Dekher n&ndadhr owski , 2002

Good feed stability is @riotdiucals twhetrlke f @tei
|l eaching ca(Falgpbede or &a deadi mc dayh,i s1 PIXesent stud
processing (formed and extruded) were eval uce
performance of the shrimp werpr eved stiann @ d me tnh
di fferent with the degree of heat , moi stur e
processed into formed pellets, which aid in c
feed ef(HiilctioemcyCho,) &0O6B8ti nedulJtthaa8ttdvwe f or med
much better growth performance of the shri mp
Based loemmcAhA ng results (Table 10), the diet fo
as HSM |l evelhiimdlatndedahedadédOremsnlut @esdemonstr
form may have some effect, the primary factor
the tested diet modifications did reedunee & emaax|]
advanSlaigreger , Razzacomue,o anrdnotisa tr(at ®29) eachi ng
from steam pell et was hikg mebro dteh et e padl et edtOrlhra)

greater porosity of extruded ediaectts omasvi ahl daw
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maybe | ead to higheritl sdaolilndg bleon®t edddihtaiton d
a |ittle and this may also have contributed t

Adding a binder in the diet is also i mpor:t
and reduce nutrient [(Huanhi,, VE®I8D, t Bar waE&8E OB § S
added/ 8@l atin to the Diet 6 to potentially r ¢
determining the |l oss through the | evels of ar
t hat had been | eacdtedt hd hleeaebiung sl s ® weidg nh ihf |
Diet 6 compared to Diet 5 which did not cont
reporAleaimbyTeshi mahi Kawhi plpovedwprl, we did not e

perfor manchkr e@lf Gdba vear a6 .aRadv eMdbd aMBA6 4B 7T e, Dagget

Robinsonr epadadaz)d that bi nder type and <concen

di gesti billaittayoi Bntdy.paHence, further studies a
bi ol ogi cal effects of binders.
I n addition to | eaching | osses, we also f«

inclusion rates of HSM wereru$adtoiablféed)]ng
of the feed, and therefore affecting the grow
combining minced or par-pspoofictfs saf frioem trabkhy
with i norganiacciaodr poregsaenr vat i (Rn dwiatnh® dhaecdednd.d 2a0nlt4i
One producer from Nor-way Krgerpmirct eadc itdh aits afboowrt d
hydr ol ysat e -pfrroodnu csta l(nBo.nDublyavi k, Hor dafor, Nor wa
fish silage is producetabyoanpeoobssi mge¢cr whi a

(Fai d, ZouitemlchkbBem@adaoarkic Tihle9s®&7 aci d sources cc

diets if silage i s added as an ingredient i n
decreased with increased HSM inclusiecsentatse¢sd
i ncludi ngAsbotthhe tprH aolfs .di ets with el evated incl

hydrol ysat,e t(lee gpHDafetD& )was adj ustiendh e os ebceo red
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growth trial . | n wihteh ceao npH mepdjiuosnt mentalhad6a hi

t hat 1 n D5herHo weavserno effect of pH adjust ment
(Table 8). As growth was not influence, it wol
cold be and artifact of reduced stability. Si

organic acid not only did not affect the grow
the chal(CrewgRiorntdkwtr ee, gD eRaoii rradtt,, 2H0all et , Sorg
Verstra&&od, ROM&GNno, Zaadmrdhf eed (Kgthi 12i02)@&t Thoe 1
studies results indicated that pH is not the
di et .

Given the complexity of the effects of fi
conued work to differsotublte ¢cbmpeineést sspécin

compounds and pH on the performance of ani mal

5. Conclusion

Results indicate that the growth e@eudeoraomfar
HSM up to 60 g/ kg as a replacement of SM in
significant decITdhas @pagseliserncep ¢ ptr mae € eaarned |firkeeel
to i mprove the attrachawe a&lfsd hehdwrednutOrtihteiro
inclusion of hydrolysates but at the same t i me
and possible destabBdsed ngnedfewmatsi onamihreo f &¢c
| esseswd ubl e compounds | eaching from the for me
|l n taHdugh the amino sal mon powder has an wuppe

protein source for shrimp feeds.
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aral ielhitwnysfeasd hi gh pAguacplroted AN gl &8a72i. on,
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Tabll eProxi mate and amino acid compo(sg/tkigo naso fi
Nutrient MenhadeAnchovySal monHydrolyzed
Crude Pr 627.7 683.0 646 . ( 662.0
Moi stur e 96. 0 85. 3 91. 4 77.0
Crude Fat 105. 0 75. 7 106 . ( 30. 4
As h 182.0 158. 0 160. ¢ 173.0
Phosphort 28. 2 23. 2 27.0 14. 7
Essenti al

|l sol eucir 23.9 28. 9 22.5 26. 7
Tryptophe 6. 2 7.6 5.5 5.7
Threoni ne 25. 4 27 .6 23. 8 25. 3
Phenyl al ¢ 24 .8 26. 8 21. 7 23.0
Leucine 43. 4 48. 3 37.9 41. 4
Lysine 46. 8 51 39. 3 47.5
Hi sti di ne 13.1 17. 8 14 15. 2
Arginine 37.5 38.1 38.1 35.1
Val i ne 28. 2 34.7 28. 7 30. 8
Met hi oni r 16. 7 16.5 14.9 15.1
TEAA 266.0 297. 3 246 . ¢ 265. 8
No-essential AA

Serine 24 . 2 22. 8 23.1 22. 6
Tyrosin 14. 6 20. 5 18. 8 23. 4
Gl ycine 45. 7 38. 2 64.5 43.7
Al ani ne 39. 8 41. 4 42 .2 38
Cystein 5.1 6.5 4. 6 5. 4
Gl ut ami c 80. 2 80. 1 70. 6 73. 6
Proline 28. 8 23.6 34.1 25. 4
Aspartic 56 58. 7 50 53.6
TNEAA 294 . 4 291. 8 307 . ¢ 285. 7
Ot her

Lanthioni 0 1.9 1.8 1.1
Taurine 7.1 6.9 8.9 3.8
Hydroxypr 11. 2 4 . 7 14. 4 7.5
Hydr oxyl y 2. 4 1.2 3.7 4
Orni thine 0.6 0.6 1.9 0.7
TAA 581. 7 604. 4 585 568. 6
|l ngredients were analyzed at University
Laboratories (Col umbi a, MO, USA) .
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Tab2d eFor mul ation of experi mental diets (g/ kg

60g/ kg | ipids. Diet 1, 3,i»ratedlc ®l d€vefrer mxd r amn
grinder). DietorgddanDi dt wewerreamaiyeld (icd egarro wtah el
and |l eaching trials.

Di et number 1 2 3 4 5 6

Di et form E/ F F E/ F F E/ F E/ F

Sal mon meal 120. 90.C 60.C 30.C 0.0 0.0
Hydrolyzed?® 0.0 29.: 58.¢! 87.¢ 117. 120.

Gel 4t i n 30. (
Soybeah meal 396. 396. 396. 396. 396. 331.

Fi sl oil 31. 34.: 36.°%! 38.¢ 41.(C 41. ¢
Lecithin soy 10. 10.(C 120.(C 20.(¢C 10.¢¢C 10. (

Chol eSterol 0.5 0.5 0.5 0.5 0.5 0.5

Corn Starch 22. 20. ¢ 19.« 17.¢ 16.0 47."

Whol e %Wheat 360. 360. 360. 360. 360. 360.
Mi neral” prer 5.0 5.0 5.0 5.0 5.0 5.0

Vitamin pren 18. 18.( 18.(¢C 18.( 18.(( 18.(
Choline9chlc 2.0 2.0 2.0 2.0 2.0 2.0
St&€y 35 % 1.0 1.0 1.0 1.0 1.0 1.0
Ca-Bi b&sic 32. 32.% 32.% 32.% 32.% 32.1
Sal meml : -PeEl, mpdo Austr al Company, Cardonal , |

bHydrolyzed sal mon nfeiadr:d oa nNunsot rsaal | nGonmpPa6nOy,, Ca
Chil e.

‘Rousselet I nc. Mukwonaga, WI, USA

dDehulled solvent Bunlgi@nmitt esd,y bReamatmera,l ,AL, USA.
eOmega Protein I nc., Houston, TX, USA.

"The Sol ae Company, St. Louis, MO, USA.

'MP Bi omedicals Il nc., Solon, OH, USA.

hMineral premix (g/ 100 g premix): Cobal't chl c
Ferrsoudsf at e, 2.000; Magnesium sul fate anhydro

0. 650; Potassium iodi de, 0. 067; Sodium sel eni
cell ul ose, 69. 664.

'Vitamin pitpamreimk x)g KkKichi Rmbof | HCI n, 4398B3; -Pyri dc¢
Pant ot henat e, 10. 00; Ni cotinic acid, 10. 00; E
|l nositol, 25. 00; Vitamin A acetate (500,000

Menadi one,-c861 b0l oAkeph8&856. 81.

ISt ay -&€&c ¢Zpooyllyphosphate 35% Active C), DSM Nut
USA.

KT. BakerE, Mallinckrodt Baker, Inc., Phillips
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Tabd eDi et formul ati on oifs)exfper mumeatte@ad tdo ed ®n
protein and 80f0békgdl|ltpidsAagdséhiri mp Byegr B6én
1 2 3 4 5 6

Di et number

Sal mont meal 120 90. 60. 30.
Hydrolyzed Psal mon 30. 60. 91. 121 121.
Soybeah meal 400 400 400 400 400 400.
Corn protein «78. 78. 78. 78. 78. 78. 0
Menhaden® fish 64. 64. 64. 64. 64. 64. 6
Lecift hin 10. 120. 10. 10. 10. 10.0
Chol eSterol 0.5 0.5 0.5 0.5 0.5 0.5
Corn Starch 2.4 2.0 1.6 1.1 0.7 0.7
Whol e %wheat 273 273 273 273 273 27 3.
Mi neral” premi; 0.5 0.5 0.5 0.5 0.5 0.5
Vitamin premi> 18. 18. 18. 18. 18. 18.0
Choline®chlori 2.0 2.0 2.0 2.0 2.0 2.0
St€y 35 % 1.0 1.0 1.0 1.0 1.0 1.0
CaBi bhsic 30. 30. 30. 30. 30. 30.0
*Sal mon mePaelt:, sFailoommod o Austr al Company, Cardon

bHydrolyzed sal mon mEabrdamAunst sall mGampP&Hdy ,
Montt, Chil e.

‘Dehul l ed sol vent extlriamitt esd,y bReamnatmera,l ,AlLBunySE
dCorn protein co'-:n705e,ntcraartgei,lIEr’GCoyrrneaNliIIing, Ca
eOmega Protein I nc., Houston, TX, USA.

"The Solae Company, St. Louis, MO, USA.

'MP Bi omedicals Il nc., Solon, OH, USA.
hMineral premi x (gdhlodr igd e@,r edni X0 4 ; COWwpmrlitc s ul
Ferrous sulfate, 2.000; Magnesium sul fate an

0. 650; Potassium iodi de, 0.067; Sodium sel e
Al pbel lul 66d, 69

'"Vit ami n Jrerrmrmx()g Kichi amin. HCI, 4.95; Ribof
CaPantot henat e, 10. 00; Ni cotinic acid, 10.00
0. 05; Il nositol, 25.00; Vit awithami mc23 at 2, &

80.00; Menadi-oalel,uldo$d®d,, AP h&1.

ISt ay -€&c ¢6xpooyllyphosphate 35% Active C), DSM N
NJ, USA.

KT, Baker E, Mal I i nckrodt Baker, l nc. , Phil I i
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Tabd eAmino acid composition of experimental
wer e analyzed Bt s sonuirvier Agt ycudft ur al Exper.i
Laboratories (Col umbi a, MO, USA) .

Di et num 1 2 3 4 5 6
Protein 364. 366 363. 366. 369. 369. C
Moi sture 72.( 81.. 80.: 76.!' 69.. 72.0
Fat 98.  98.¢ 101. 101 104. 103. 4
Fi ber 28. 32.. 28.1 25. 27 . 27.1
As h 75. 76.( 75.! 75, 76 . . 80. 7
Amino ac

Al ani ne 19. ¢t 19. 19.! 19. 19. ¢ 19. 2
Arginine 221.. 21.: 21.: 21.( 21.: 21.1
Aspartic 32.¢' 31.¢ 32.( 31.¢' 32.° 32. 2
Cysteine 5.5 5. 4 5.3 5. 2 5.5 5.3
Glutamic 68.¢ 68.:. 70.:.: 67.' 70. 67.9
Gl ycine 18. ¢ 17.¢ 17.« 16.1{ 16.! 16. 3
Hi stidin 8.6 8.6 8.5 8.6 8.9 8. 7
Hydr oxyl 1.2 1.3 1. 2 1.2 1.2 1.3
Hydr oxyp 1.7 1.5 1.5 1.2 1.0 1.0
| sol euci 15.¢ 15.¢ 15.( 15.¢ 16. : 16. 0
Leucine 32.. 32.. 31.¢ 31.: 33. 31.5
Lysine 18.!' 18.. 18.¢" 19.( 19.! 19. 4
Met hi oni 7.1 7.0 6.7 6.7 6.9 6.9
Phenyl al 18.. 18.« 18.( 18.( 18.° 18.1
Proline 23. . 23. . 22.¢" 22. . 23. I 22.0
Serine 15.¢ 14.¢ 16.! 14.¢ 15.. 14. 8
Taurine 2.1 2.0 1.9 1.8 1.6 1.7
Threonin 12.¢ 12.¢ 13.:. 12.¢' 13.: 13.0
Tryptoph 4 . 4 4 . 2 3.8 4 . 3 4 . 4 4 . 4
Tyrosine 13.: 14.( 13.°  13.!' 14.. 13.6
Val i ne 17.¢ 16.¢ 127.( 16.¢ 17." 17.1
Tot al 359. 356. 356. 350. 363. 353. 7
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Tabél eResponse of juvenile shrimp (0.63g mean
(Table 1) used to evaluateagaowbhstsaadimoungeno
conditions. ANOVAl watse utsteadl whmolt ® dGatmal satplfeolrla
test. ANCOVA is also presented to show the 1in
t he mean of Boedreipeéti caaredck xt@dueddi eepl i cat es

HSM Fin MWL Surv Weig Weig

[e}}

Diet  jevepiom (g) (%) gaXg gai(w, ' CR
1E 0 54 2 5.%: 96. 7 5.%43 301312 1.%2
1F 0 64 2 6.%t 96. 7 6.%48 37943 1.#4s38
2F 2.9 5035 5 @z 95, ( 5.P°6 29930 1.%7
3F 5.8 432 tc5 4 83.: 5.8 29083 1.4
4F 8.8 443P7 4 7z 93.: 4.0 2512 2.%0
5E 11. 7 4438 4.%¢ 98.:! 4.388 25098 2.4%9
5F 11.7 54 2 5.%¢ 96.7 5.%42 3094 1.978
P SE 1.89 0.1t 3.36 0.15 106. 0.05
Pval ui <0.0 0.07<0.0 <0.0t<0.0C<0.01
ANCOV,

Mo d el <0.0 <0.0 0.87<0.0(<0.0(<0.0I
HSM | <0.0 <0.0 0.88<0.0(<0.0(<0.0I
Di et <0.0 <0.0 0.43 <0.0 <0.0(<0.0I1
I nter 0.97 0.97 0.91 0.98 0.82 0.44

1MW: M@eaing ht .
Wei ght gain (dgni t=i &li nwme i gvteti .ght

3Weight gain (%)ni=ti(ali meeli gwei)ght i nitial wei ght

4FCR: Feed conversion ratiilonis iFde dvea fgfhetr)ed [/ (
SPSE: Pooled standard error.
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Tabd e Response of juvenile shrimp (0.63g mean
using ©opopeeh dhets. Values within a column with
di fferent ®&agmd tatpd ¥t kehageh val ue represents
Di et Die Fina MW Survi Weigt Weigh o~gn
numbe for Bioma (g) ( %) gai g) g adi(m)

1 F 54 2 5.% 96237 5.%43 3012 1.3

2 F 503P5 5.M: 953bp 5. M 299%90 1.4

3 F 4325 5.%2%¢ 8323 5.%F8 29083 1.%

4 F 443 7 4.%. 932P3  4.%0 2542 2.7

5 F 443 8 4.%1 98P 3 4.8 2588 2.M

P S°E 1.83 0.1« 3.49 0.14 96. 5 0.0

Pval u 0.00:0.00 0.04 0.00C 0.00CO0. OC

‘MW: Mean Wei ght .

Wei ght dgrainml (-igneitghatl wei ght .

3Weight gain (%)ni=t i(aAi meeli gweti)ght i ni ti al wei ght
4I':CR: Feed conversion ratlilni2 iFde dvea fgfhetr)ed [/ (
SPSE: Pooled standard error.
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Tab8Response of juvenile shrimp (0.24g mean i |

S&agrowth trial under green water conditions
within a column with differ etntb assuepdes smmu T upkt g8y @
range test. Each value represents the mean of
. Fina Mean Survi Weigh Weight

DI et v omasweildly (%) gaa(%) (30) FCR

1 296.C 9.79 100. 9.5%5 3961 0.%9¢

2 28 Pc¢d5 9. e 992P2 9 P2 3895% 1.%05

3 284923 9.%g 100° 9.%6 41 5P4 1.%4

4 2494 8.339 9094Pk2 8.%6 3 5akg 1.8

5 25 %P4 8.0 942 2 8.%6 363% 1.M7°7

6 24F.¢ 8.%0 952Pg 8.%6 3382 1.9z

P S°E 7. 73! 0. 26 1. 45 0. 251 130.1 0. 33

P-v al 0.00C 0.00¢ 0.03 0. 00¢ 0.011 0.00

Tt est (D5 and D6)

P-v al 0.30. 0.12 0.59 0.12! 0.299 0.140

MW: Mean Weight.
WG (g): Weight -gaihi al Fwveabhtwei ght

3WG ( %) : Percent wei-igmitwegaihn )=/ ( Finndli awe iwgh tg ht
4I':CR: Feed conversion ratliloni2 iFde dvea fgfhetr)ed [/ (
SPSE: Pooled standard error.
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Tabil etTest for the pH, dry matter | osG RBinat cbh s
and 5F (fwamedNOVAneesults for the pH, dry ma
data of t lise dsieectosn.d QGornisalA, Cores DB edarsd 1Eorasn dC 5y

1, Diets 1 to 4 in trial 2, and Diets 1, 4

di fferent superscripts arekssmghiifplcantaygeifé

represents tkeelmeanesf fdoudry matter |l oss an

represents the mean of three replicates for p
p H Dry matt Cons Cons Cons

Di et 5.91 0.09 5.00

Di et 5.38 0.29 6. 82

Pval u <0.00 0.021 0.00!

Di et 6.%3 0.2 8 3.99 4.%09

Di et 6.%21 0.%8 4. 11

Di et 6.%90 0.%4 4. 25

Di et 5.%3 0.7 4. 52 6.%33

Di et 5.%6 0.6 5.8 4

Di et 6.%25 0.%1 5.%4

P S 0. 03 0. 035 0.30z 0.20!

pvalu <0.00 0.00014 0.640 <0.00

LPSE: Pooledtandard error.
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Tablel.. ANCOVA P values for |l eaching of Tyrosine
5 and B) (Wernealused to evaluate the effect of

Di et s b5r eanus é6d wteo e vdilfadartnme atnhde uesfef eocft goefl at i n
Each value represents the mean of three repli

Form and HSM Form and Gel

15mi Model <0.000: Mo d e | <0.000
Form <0.000: Form <0.000

HSM | e 0.5975 Gel at i 0. 3697

Il nter a 0.0203 Il nter a: 0. 456 ¢
30mi Model 0.002 Mo d e | 0. 000¢
Form 0.1845 Form 0. 0709¢

HSM | e <0.000: Gel at i 0.008:

Il nter a 0.1769 Il nter a 0. 327°:
60mi Model <. 0001 Mo d e | 0.021:¢
Form 0. 0652 Form 0.026¢

HSM | e <0.000: Gel at i <0.000

Il nter a 0.004 Il nter a: 0. 8709:
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Figure 1l Response of juvenile shrimp (0.63 g mean initial weight) to diets with graded level of
HSM replacing SM over 42 days in growth trial 1 (D%). The relationship between weight gain
(yiaandyip) or mean weight @y andy1q) of shrimp and the inclusion level of HSM (x) in the diets.
Figure2. Response of juvenile shrimp (0.24 g mean initial weight) to diets with graded level of
HSM replacing SM over 56 days in growth trial 2 (DB). The relatiaship between weight gain
(y2aand yb) or mean weight @¢and yq) of shrinp and the inclusion level of HSM (x) in the diets.
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4000 1 WG: y,,=-18.162x + 3022.7 12
RZ 0.0295, P=0.495
35009 ° ? WG: yy= -65.744x + 3232.9 10
~—~ 3000 .. ................ . : (R2: 04367’ P:OOOZS a
O\o . ............................ ~
= 500 ® 4 g ................ 3 8 £
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Figure3. Comparison of leaching between two different processing methods for Dietdn@®65
at 274 nm (tyrosine) in trial 1. The orange and blue colour represent formed and extruded diet,
respectively.
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CHAPTER VI

SUMMARY AND CONCLUSIONS

As t hdés wsohrrlidmp production expands, consi de

ng a variety of pl ant proteins or terrest

moment um. It i's adeogeBvadpl yt oc o o®iks tteofirft e cqtuiav @ -

pro
pot
di s

soy

tsoiumces to keepluciket heegrwesewmantsttuayexpl ol
ential prBY=Oonr n npgrroetdeienntcsoncentmiaglke ,prsotyeip
tsi ldreireadn dgrsaalnmon meal s) as replacements o
bean meal i nspractical shrimp diet

The first study was condudct eyde atsot eivna |lpuraatcet i
ds, which includes tibwol igryowtrhi atlr.i allhse afnidr sc
wed t hat there were noonsisgni fsiuwrawmitv adi,f fperro
iciency and feed conversion ratio; however
e shown in the FM replacement series. The
formance i nemnthes &BiMes epllmctelme second gr owt |
tain e@xXdBh BY6O€d significantly |l ower final wi
alNudiretent availability of BY50 and BY70 we
n FM. Resul t-340aq/dk g aB¥e8s0 than H&80effectivel
|l acement for FM, or up to 240g/ kg when repl
S not cause impaired gr-&6WMtidi.peérformance fo

The second study was conducted & odeivad uagt &

(HPDDG) on the growth perfor méanmaen aRfeesgodft e ni | €
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prevstowdy indicate t halasHéd DiGn gassemhai kegnota daaypdu a retd
30% as a replacement of SBM without compr omi
utilized to replace a combination of SBM and
recommended in shitnocprfegedeidowmblest came resul
growth performance and feed conversion ratio v
of HPDDG when cwsrend ptroo tred pniT ceoenkEM nrt e mltaec e ment s
showed t hatthe hdiientp wWietdh 20% HPDDG has exhi bite
bi omass. Results of this study demonstrate th
15% HPDDG can be used to repl acwenderC grre elM w:
codi tions

Thehistdudy was <conducted to investigate th

combinati on of csoonyc eemtdr atoag (IPRAOta@Mi dhoGP OGN gr owt

of the Paci flvcanwhaineeh dsolorri ncgt e(at , waeewowl ts i ndi
decrease in shrimp performance as fishmeal W a
suppl ementation of l ysine anddméfleremeeevioal

growth ooufF@€Romwhpgeeetrhieale were no significan
perfor maattheadresldre dc odnicedtuss.i on, the preLeEnt st
or38%/ kg of CPC and SPC (1:1 ratio) cahalte ngsed
50 or 75% fi shmeal in clear and green water u
conditions, respectively.

Theoustihdycomalsuct ed with Rsaenhpmewhewveal st e
efficiency of two sal mon nReeaslus tass odo mpharse ds ttuc

sal mon( S alh be used effectively in practical
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repl acement for up to 100% anchovy meal witho
clear and green water cofHiStMihensal sidy dre@lny e d Vv
suitable protein source for replacing fishmea
can be used to replace only 50% anchovy meal
green water conditions, shrimp growth showed
Future studihesi mpgavegmeges Difngddtecebfpdobbygized s
me a | and the demonstration of sal mon meal i n
war r aAnstuebds. e g tu nsteys o n d ut cet veadl tuleedf ¢ i ocfaalymoynr priomduct
practical diets LovaRmem@i ¢ stwhhantdd etcladd reg mpwt h p e
of shrimp has not influenced by the use of HS
di entoswetreghevred ssuilstiegln i df e ccragnapsee § o r Trhapnrcees.e h ¢ e
short peptides and free amino acids are |ikel
haweé sbowunt r iatdivoanndtita lgiensc | o hiyam o lbyuda & hseasmea iné
used at high I evels would result in taheé ofsse . f
Based on aromatic amino acid | eaching, t her e
t he ffoeenkddredkdinhai nigegl Btigy & gwer e no detectib
adjust mentl nofaltlh,e tdhiceuwugshh t he amino sal mon powd
appears to be a suitable protein source for s
|l toncl|l BYbER@nNEPMHPDDGSEMandSMnayaisepudt ei n
souricreber ac s hec admpelth.eé nf or metvied oppbdd ssealkebrly
demonstrates that it iIs possible for feed forr

pl ant or ani mal -based protein sources in prac
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