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Abstract.—A feeding trial was conducted to determine the maximum substitution limits of
poultry byproduct meal (PBM66% crude protein) protein for fish meal (F&®% crude

protein protein in the diet of juvenilBlack Sea Bas€entropristis striata (family Serranidae).
Eight isonitrogenous (44%rude protein) and isolipidic (13% crude lipid) diets were formulated
to replace EM,protein with PBM protein at O (control), 40, 50, 60, 70, 80, 90, and 1@®l&ckn
Sea Bassliets. Diets were fed twice daily to triplicate groups of juveniles (initial mean

weight = 172°g)to apparent satiation fow8eks in a recirculating agaulture system. Final
survival was'excellent (98.00%) in all diet treatments, with no significant differences. No
significant differences body weight gain (BWG) were observed in fish fed the 40-90% PBM
protein diets (1;136—1,357%) compaxeith the control diet (1,307%). However, BWG of fish
fed the 100% PBM protein diet (1,045%) was significantly lower than in the control group.
Regression analysis with BWG indicated that PBM protein can replace FM protein in Black Sea
Bassdiets at levels asigh as 81.8%, with no reduction in fish growth performance. For fish fed
diets with up to 90% PBM protein, feed conversion (1.08-1.17) and protein efficiency ratios
(2.01-2.14)were not significantly different from fish fed a control 100%fdleinbasedliet
(0.99 and 2.29; respectively). Apparent digestibility coefficients of dietary pnaeiained high
(81.6—87.0%) under all levels of FM replacement with PBM protein. After the feedihg tri
whole body*and muscle protein content and the concentrations of whole body n-3
polyunsaturated fatty agdgshowed no significant differences among the treatments at FM
protein replacement levels up to 90%. Poultry by-product meapromising alternative protein

source for sustainable diet developmerBliack Se Bass

[Introduction]

In terms of dietary composition, protein is the single largest and most expensive
component in fish feed. Fish meal (FM) is a source of high-quality protein and highlylagyesti
essential amino and fatty aciddho and Kim 2011), making it a popular source of protein in
aquaculture feeds. Worldwide production of FM has been stable at roughly 6.3 miltran me
tons annually since the 1980s, with Peru and Chile the main producing countries iRR012 (
2012. Once seen as a renewable source, FM costs have increased as demand has increased,

while supply has slowly decreased due to overfishing (Tacon et al. PQ@henski et al. 2006).
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In addition, FM varies greatly in composition and quality among species or with agen(et
al. 2006), season, geographic origin, and processing methods (Trushenski et)al28@fore,
it is critical to investigate alternative protein sources to FM protein in aquaculture feeds
(Trushenski et al. 200&atlin et al. 2007Alam et al. 2011; Alam et al. 2012irsa et al. 2015
Anderson et.al. 2016

Terrestrial animal protein sources have several advantages, including a similar amino
acid profile to FM, availability, and relatively low cost. The two most common chicken
ingredientsrin pet feed are poultry meal and poultrpimduct meal (PBM). Poultry meal is the
dry renderedsingredient from a combination of clean flesh and skin, with or without
accompanying bones, derivedrfigarts othe whole poultrycarcass exclusive die head,
feathers, fegtand entrails. Poultry by-product meal is a protein source produced from waste and
by-products.efprocessed chickens possibly including heads and feet, but excluding &mthers
intestines{ Like other animal-based protein feedstuffs it has a high protein conteaut baty in
compositional quality and lacks certain essential amino atat( et al. 2006). Poultry by-
product meal has lee used successfully to replace FM at high levels of dietary inclusion for a
number.of finfish species. IniBheadSeabreanfparus auratus, 50% of the FM protein was
successfully réplaced with PBM protein withoutduction in growthNengas et al. 1999In
juvenile'RedDrum Sciaenops ocellatus, 67% of the FM protein was replaced by PBM protein
with no reduction in growth (Kureshy et al. 2000). Ingoite Rainbow TroutOncorhynchus
mykiss up to 44% of FM protein can be replaced with PBM without a decreasetiaghe
omegas3 fatty acidsicosapentaenoic ac{EPA) anddocosahexaenoic acfpHA) (ParesSierra
et al. 2014.A disadvantage of PBM protein as a FM protein replacement is reduced digestibility
and feed. efficiency at high dietary inclusion levels as reported in Atlantico8&hbImo salar
fed dietsthatreplaced0% of FM protein with PBM proteirHatlen et al. 2016 In addition,
replacement oFM by PBM influences the whole body composition of some fish, such as
GreaterAmberjackSeriola dumerili (Takakuwa et al. 200@&ndHumpback Grouper
Cromileptes altivelis (Shapawi et al. 20Q7but not the muscle tissuesBlack SeaTurbotPsetta
maeotica (Yigit et al. 20®).

Black SeaBassCentropristis striata is a commercially important marine finfish species
inhabiting coastal waters of the eastermAUBom the Gulf of Maine to Florida, that commands

a high market valueNational Oceanic and Atmospheric Administratjipf©AA] Fish Watch,
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www.fishwatch.gov). The abundanceRifck Sea Bassalong the U.S. East Coast has been
declining since the 1950810AA 2012 ASMFC 2016 and stringent quotas are in effémt
harvesting of wild populations. Potential for limited market supplies and for highes fof
oceancaughtBlack Sea Bas# the future are important economic incentives to investigating the
feasibility ofBlack Se Basgproduction via aquaculture to help meet market dem@afedgnabe
2011, Watanabe et al. 20).6

Hatcheryraised Black Sea Bagsveniles originating from captive wildaught
broodstockrhave been successfully cultured through the market stage in aatogcul
aguaculturessystem at the University of North Carolina Wilmington (UNCW) Aquaculture
Facility (Watanabe et al. 2008Vatanabe 2011 Diets formulated with 44% protein and 15%
lipids were.found to produce optimal growth of juverBlack Sea Basseared in a recirculating
aquaculture.systemi\fam et al. 2008 Previous studies #ie UNCW have shown that
menhadekAQ: Please provide a scientific nant@the lowest taxonomic level possible for the
menhaden used in fish meal.> FM protein can be replaced in the BieckfSea Baswith
plant proteinfrom soybean meal and cottonseed meal at high substitution levels (68% and 100%,
respectively.without impairing growth performance (Alam et al. 20ARderson et al. 2016).
The objective of this study was to determine under controlled laboratory conditions the
maximum-substitution limits of the animal protein source PBM for FM protein in juvBlatk
Sea Bassliets and the effects of replacementmle body and muscle tissue proximate

composition.

[AIMETHODS
[B]Experimental Animalsand System
This study was conducted at the UNCW Center for Marine Science timelénstitutional
Animal Care_andUse Committegrotocol A1516016. JuvenileBlack SeaBasswere cultured
from eggs.spawned by photothermally conditioned broodstock held at the UhfD@culture
Facility (Wrightsville Beach, Nrth Carolind. Broodstock were induced to spawn using
luteinizing “hormoneeleasing hormone analog implants (Watanabe et al. 2003). Eggs were
hatched and reared through the juvenile stage in 150-L tanks (Watanalpe 2011

The experimental system consiste®4f75L rectangular (7&@m x 32cm x 43 cm)
glass tanks supported by a recirculating seawater system located in a ceatreitedment
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laboratory. Water quality was maintained by a bead filter (Aquadyne, Georgiajma foa

fractionator (Top Fathom, Michigan), aadJV sterilizer (Enperor Aquatics, Pottstown,
Pennsylvania). Tanks were subjected to a 12 h light : 12 h dark photoperiod supplied by eight 60-
W fluorescent lamps in addition to ambient light levels from sunlight enteririglibeatory

windows.

[B]Experimental Diets

Eight diets.were formulated to replace FM protein with-feetdgrade PBM protein at levels of

0 (control);"403,50, 60, 70, 80, 90, and 100Pakle 3. All diets were formulated to have the
same crude"protein levé44%) and lipid level (13%). The analyzed crude protein levels in the
test diets were 44.4, 43.2, 43.4, 42.7, 43.3, 43.0, 48®42.9% respectively(Table ). Except

for wheat gluten as a binder, no addiaib protein sources, amino acids, or attractants were used.
All diets econtained the same amount of vitamin and mineral premix (Kadai, Kagoshi
University, Kagoshima, Japan), and menhaden fish oil (Virgtime Gold; Omega Protein,
Houston, Bxag.and sgbean lecithin were used as lipid sources in addition to the lipid content
found in the protein sources. All experimental diets were produced using a meat, gntter
their preximatescompositions were analyz&dlfle ) at the UNCWCenter for Marine Science
Aquaculture _Facility (Alam et al. 2012<AQ: Please provide thescientific name for the
menhaden-used itme fish oil if it differs from the menhaden used time fish meal mentioned
above.>

[B] Feeding Protocol

To begin the experiment, tanks were randomly stocked at densities of 20 fish-lpgaarid
After fish weresacclimated fd8 d, the initial weights othe fish in each tank were determined.
Mean #.SE.weights were 1.2+ 0.07 g, with no significant differencesP(>0.05) among
treatments.“Fish were fed a commercial diet containing 57% protein and 15%Skpéattiqg,
Vancouver, Canada) during the acclimation period. Treatment diets were fedlaic€0900

arnd 1500hours) to triplicate groups of juvenileldgk Sea Bassto apparent satiation (i.e., as
much as,fish could consume without wastage) fare8ks. Temperature, salinity, dissolved
oxygen, and pH were monitored twice weekly using a multiparameter [fitible Yellow
Springs, Ohio)while ammonia and nitrite were measured once weekly using a portable HACH
spectrophotometer (DR 2010Loveland, Colorado). Temperature was maintained at
24.1 £ 0.03°dmean * SE)salinity at 34.7% 0.10g/L, dissolved oxygen at 50©0.02mg/L, and
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pH at 7.27.5. Ammonia and nitrite levels were kept at 0x10.01mg/L and 0.06t 0.01mg/L,
respectively. Tanks were siphoned and cleaned daily.

[B]Proximate Composition of Diets and Fish Tissues

At the end of each experimeBt-10fish from each tank were collected for biochemical analysis.
Five fish were used to determine proximate composition (moisture, ash, lipid, and)paotbi
fatty acid profiles of the whole body, and from three to five fish were dissectethlyra the
proximate“composition of muscle tissue. Moisture content for the whole body ankk rissaes

was determined using a freedger (LabconcoCorporation Kansas City, Nssour) at the
UNCW Agquaculture Facility, and moisture content of the diets was determimeglarsisotemp
oven (FishergScientific, Waltham, Massachuse®)AC 2000. Ash content of the dietand

fish whole” body and muscle tissuewas determined using a muffle furnace
(Barnstead/Thermolyne, Dubuque, lowa) fonh @&t 600°C AOAC 2000. Crude protein was
determined_ by the Kjeldahl method with a Labconco Kjeltec System (Rapid DigesstiatinD
Unit-Rapid, Still Il and Titration UnjtLabconco Corporation) using boric acid to trap ammonia
(AOAC 2000m=Total crude lipid analysis was conducted using the Bligh and Dyer method
(1959 on diets‘and fish whole body, muscle, and liver tissues. The resulting lipid stock solution
was stored.at20°C for subsequent fatty acid analysis.

[B]Fatty Acid Analysis of Diets and Whole Bodies

Lipids from diets and fish whole body tissues were cdedeinto fatty acid methyl esteisirst,

1 mL of the lipid stock solution was transferred into a conical vial withi25@f a 0.001g/mL
solution ofs#C29:0 fatty acid (internal standard). The solvents were then evaporateitnogen

gas and heat«(40°C). ThemiL of 0.5M sodium hydroxide in methanol was added to the vial
and heated at 80°C for 3@in. Next, 1.5mL of boron trifluorideandmethanol was added to the
vial and heated_ for another 8&flin at the same temperature. Once coohl1of saturated sodium
chloride and . dnL of hexane were aéd to the viglwhich was then capped and shaken. After
two separate layers formed, the top layer was removed and passed thrqughsBa in a
Pasteur pipette into a 2BL roundbottom flask. This procedure was repeated withlLlof
hexanes and L of 20% ether. hexane solutignand then the pipette was rinsed witmlL of

50% ether. hexane solution. The solvents were dried using a Rotavap and the sample transferred
to a gas chromatography vial with 80 of 100% chloroform. The gas chromatograpisis

were then flashed with nitrogen and stored in the refrigerator. Identification and quantification of
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the fatty acid methyl esteraras done using the gas chromatograflayne ionization detector
(HewlettPackard) at the UNCW Department of Chemistry &@wdchemistry Rezek et al.
2010.

[B]JApparent Digestibility Coefficient of Protein and Lipidsin the Diets

Following/the feeding trial and after collecting fish from each treatment for biochemical analysis,
theremaining fish were used to conduct a digestibility study fod 1@ determine the apparent
digestibility._coefficients (ADG) of crude protein and crude lipid in the experimental diets.
During digestibility studies, fish were maintained under experimemtatliitions as described
above. Each*diet was reformulated to included 0.5% chromic ,owidieh was offset by a
reduction’of cellulose. These diets were fed twice daily and the tanks were cleaned after the last
feeding. Themnext morning, fecal material produced overnight was collected, ringed wi
deionized=water, and stored in a freeze20CC) for chromic oxide and nutrient (protein and
lipid) analyses. Chromic oxide content was determined using a spectrophotontetendT
Fisher Scientific, Two Riversy)isconsin) through a modified Furukawa and Tsukahara (1966)

method. The ADC of protein and lipid was calculated using the following formula:

ADC Of nUtrientS( % = 100< I: 1_nLFﬁient /Qtrientx I;%romic /!ﬁromi):li

<TQIn the equation please put F and Dtafics and change the dash to a minus sign.>
whereF is the percent of nutrient or chromic oxide in the fecal matteDaisdhe percent of
nutrient or.chromic oxide in the diet (Furukawa and Tsukahara) 1966

Satistical analysis—Statistical analyss were performed using the JMP 13.0 statistical
software (SASInstitute, Cary, North Carolina). Treatment means were compared using a one
way ANOVA after the assumptions of the ANOVA were verified by O’'Brien’s (tE381) for
homogenelity of variances. Significant differences between treatment means were further
analyzed using Tukey-Kramerhonestly significant differencanalysis(Kramer 1956)with
P < 0.05 considered significant. Brokéne regression analysi®@bbins et al. 19799vas
conducted.using statistical package JMP 13:0 (SAS Instfairy,).

[AJRESULTS
[B]Survival and Growth
At the end of the experiment on day 56, survival ranged from%®3d100.0%, with no

significant P > 0.05) differences among treatmentsifle 3. No significantdifferences in mean
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fish weights (range 1.1 — 1.33) were observed among treatment groups at the beginning of the
experiment (dy 0) (Figure 1). By ay 14, fish mean weights ranged from 4014.3g, with no
significant differences. Onay 28 and dy 42, fish fed the 100% PBM protein diet were
significantly smalle6.6g and 9.9y, respectively) than fish fed the control FM diet (@.and
13.0q, respectively). At the end of the experimenay(&6), fish weight in the 100% PBM
protein diet was significantly lowdd 3.6 g)than in the control FM protein diet (179§ (Table
2).

Body'weight gain (BWG) in all treatment groups was at least 1,000 3. No
significant differencegn BWG were observed in fish fed the 40-90% PBM protein diets (1,136—
1,357%) cemparedith the control diet (1,307%).he BWG of fish fed the 100% PBM protein
diet (1,045%) was significantly lower than in the control graupe BWG of fish fed the 90%
PBM protein diet (1,196%) was not significantly different from the 100% PBM iprdtet
(1,045%) Table 3. A second order polynomial regression analysis between BWG and percent
FM replacement did not model the data propely 0.0234¢ + 1292.2:R = 0.4345).
Thereforegthesmaximum replacement level of FM by PBM proteiBlimek Sea Basgiveniles
was estimatedby break point regression analfsigife 2). Based on BWG, the break point was
estimated:to be 81.8% FM replacement by PBM protein (Figui®epcific growth rate (SGR)
of fish fed.the PBM protein diets ranged from 2.30-2.59%/d, with no significant difese
from the control FM protein diet (2.46%/dl)gble 2). Brealpoint analysis using SGR showed
the following relationships between SGB andpercent-M replacementX): Y = 2.45 wherX
< 82.5 and¢'==0.008% + 3.1517 wherX > 82.5:R* = 0.9988. Using SGR, the break point
occurred at:82:5% FM replacement by PBM protein. Fish fed the 100% PBM protein diet had the
lowest SGR (2.30%/d), significantly lower than the 50% PBM protein diet (2.59%/d).
[B]Feed Utilization

No significant differences in feed intake were observed, which ranged fror0B6g/fish/d
(Table 3. Feed.conversion ratios (FERor fish fed the 60% PBM protein diet (1.17) and the
100% PBM protein diet (1.19) were significantly higher than fish fed the control Bidipdiet
(0.99) (Table 3. No significant differences were found among all other treatments—{L1D§
comparedwvith the control.The FCR of fish fed the 90% PBM protein diet was not significantly
different from fish fed the 100% PBM prateidiet. Protein efficiency ratio (PER) was
significantly lower for fish fed the 100% PBM protein diet (1.96) compavitd fish fed the
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control FM protein diet (2.29)T@ble 3. The PER was not significantly flerent for fish fed
diets containing 40% to 90% PBM proteirhe PER was not significantly different between fish
fed the 90% and 100% PBM protein diets.

[B]Fish Whole Body Proximate Composition

Fish whole body moisture content ranged from &3 66.2% among treatments (Table.3
Whole body moisture content of fish fed diets with-80% PBM protein (65-:865.8%) and
100% PBM protein (66.2%) was significantly higher than in fish fed the control FM diet
(63.5%).Fish Wwhole body ash content ranged from %49 6.37% {[able 3) among treatments.
Whole body*ash content of fish fed the-80% PBM protein diets (5.38.59%) was
significantly greater than in fish fed thentmol FM protein diet (4.49%) but significantly lower
than in fish=fed=the 100% PBM protein diet (6.37%). Whole body crude protein content of fish
fed the PBMsprotein diets (15-66.6%) was not significantly different from fish fed the control
FM protein det (16.6%) Table 3. There were no significant differences in fish whole body
crude lipid content among the PBM protein treatment diets €10.6%) and the control FM
protein diet (11.2%)Table 3.

[B]M uscle-Fissue Proximate Composition

No significant treatment differences were observed in fish muscle moisture{@8%), ash
(1.29-1.34%), orcrude protein (18-420.1%) contentTable 4. The nuscle tissue crude lipid
level of fish.fed, the 50% PBM protein diet (3.4%) was significantly higher thdishrfed the
control FM protein diet (2.7%)T@ble 4. Crude lipid content in all other treatment diets {2.6
3.0%) was net significantly different.

[B]Fatty Acid Profile of the Dietsand Whole Bodies

Fatty acid profile of the diets.—Total saturated fatty acids (SBAnN the diets ranged from 25.9
to 32.4mg/g with only the 100% PBM protein diet (25189/g) significantly lower than the
control FM protein diet (31.3 mg/gJéble 5. Myristic acid (14:0) generally decreased as PBM
protein inereasedrom 7.7mg/g in the control FM diet to 2/mg/g in the 100% PBM protein
diet. No significant differences were observed among treatments in dieteogntration of
palmitic acid (16:0) (18-421.3mg/g). Stearic acid (18:0) was significantly higher in diets with
70% and 80% PBM protein (5.1 and 5.0 mg/g, respectively) compditethe control FM
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protein diet (4.1mg/g).

Monounsaturated fatty acid (MUFA) concentration ranged from ##538.7 mg/g among
treatment dietsTable 5. Diets with 40% and 60—-100% PBM protein had significantly higher
MUFA (33.5 mg/g and 32.0-38.7 mg/g, respectivéigh the control FM protein diet
(25.7mg/g)-Palmitoleic acif16:1n-7]) was significantly lower in diets with 5000% BM
protein (7.0-9.2 mg/g) comparedth the control FM protein diet (11rmg/g). Oleic acid
(18:1[n*9])"eoncentration in diets containing PBM protein (17.6—&®84)) was significantly
higher than‘in‘the control FM protein diet (9.5 mg/g). Total dietary concentratior® of n
polyunsaturated fatty acids (PUFASs) (8.5—-1mg/g) were mainly related to conceattons of
linoleic acid(18:2[n-6]) (6.8—16.9 mg/g)lable 5. Both showed a similar trend toward
increasing-eoncentrations with increasing PBM protein in the diet.

The coneentration of n-3 PUFASs in the dietarly decreased with increasing PBM
protein concentration, from 29.6 mg/g in the control FM protein diet to 8.3im¢iig 100%

PBM protein diet Table §. Concentrations of stearidonic acid (18:4[n-3]) (0.9-3.1 mg/g), EPA
(20:5[n-3])#(38+5-12.1 mg/g), and DHA (22:6[n-3]) (3.1-12.3 mgigihle 5) also decreased with
increasing PBM protein in the diets. The ratio of DHA to EPA in the diets wasgmificantly
different'up.to 70% PBM protein (0.93-1.01) but was significantly lower in diets with 80—-100%
PBM protein (0.84-0.91) comparedth the catrol FM protein diet (1.01)Table 5. The ratio

of n-3 to n6 PUFASs in the diets decreased with increasing PBM protein from@din the

control FM,protein diet to 0.5 in the 100% PBM protein diet.

Fatty acid prefile of the whole body.—Total whole body SFA concentration was significantly
higher in fish fed the 50% PBM protein diet (77.0 mg/g) than in fish fed the control FMrprotei
diet (53.9mg/g) or the 40% PBM protein diet (551g/g) (Table §, while no significant
differences,were observed among all other PBM protein treatments (49.2— 64.5 mg/sfjicMyri
acid (14:0),was significantly lower in fish fed the 8086% PBM protein diets (4-8.1 mg/g)

than in fish.fed the control FM protein diet (8ng/g). Palmitic acid (16:0) was significantly
higher in fish fed the 50% PBM protein diet (54.7 mg/g) than in fish fed the control FMrprotei
diet (36.9mg/g). No significant differences were observed among ar dtbatments (351

47.2 mg/qg). Fish fed the 50&nd 100% PBM protein diets had significantly higher stearic acid
(18:0) levels (12.4ng/g) than fish fed the control FM protein diet (B1§/9).
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Total MUFAs of the whole body were higher in fish fed the 50, 90, and 100% PBM
protein diets (81.3, 73.6, 83mMg/qg, respectively) comparedth the control FM protein diet
(46.5 mg/g) Table §. With the exception of the 50% PBM protein diet, total MUFASs in the
whole bog generally increased with increasing PBM protein in the diet. Palmitoleic acid
(16:1[n-7]).was significantly higher in fish fed the 50% PBM protein diet (21.4 mg/g)than i
fish fed the control FM protein diet (15.4 mg/g), while no significant differavaobserved in
all other'PBMprotein diet treatments (1:316.0 mg/qg). Fish fed the 50% (52.2 mg/g) and 70—
100% (41'5=61.7 mg/g) PBM protein diets showed significantly higher oleic&:itfn-9])
concentrations than fish fed a control FM protein diet (24.7 mg/g). Oleic acid catceTd in
fish whole body. generally increased with increasing PBM protein in the diets. Niicsigni
differences'were observed in gondoic g@d:1[n-9])among treatments (rangel.0-1.7 mg/g).

Whole boedy concentration of n-6 PUFAs was significantly higher in fish fed 50%
(25.5 mg/g). and 70-100% (19.1 — 31.6 mg/g) PBM protein compdtedish fed the control
FM protein.diet (8.9ng/g), and this was primarily related to linoleic a(i8:2[n-6])
concentrationsy(Table) 6With the exception of the 50% PBM protein replacement diet, both
total n6 PUFAs and linoleic acid increased in the fish whole body with increasing P&®rpr
in the diets.{able §. Concentration of n-3 PUFAs in the whole body (7.0-31.0 mg/g) were not
significantly“different among treatments, except in fish fed 50% PBM proteini{&jd), which
was higher than in fish fed the other diets with PBM protein (7.0-15.7 nigig)e(§. This
pattern was also reflected in the whole body concentrations of constit@dPtVRAS stearidonic
acid (1.134mg/qg), EPA (2.9-12.1 mg/g), and DHA (2.3-1&16/g), which were not
significantly.different among treatments, except for higher levels in fisthée80% PBM
protein diét (able §. The ratio of n-3 to n-6 PUFASs in the whole body was significantly lower
in fish fed all of the PBM protein diet treatments (0.5-1.2) than in fish fed the controld&dinpr
diet (2.3) Lable.§.

Digestibility-of diets.—The ADC of protein in the diet with 70% PBM protein (81.6%) was

lower than'in the 60% PBM protein diet (85.9%) and in the control FM protein diets (87.0%) but
was not significantly different from the other treatment groups (83.0—-84T2&b)e( 3. Lipid

ADC ranged from 88.2% to 92.3% among treatments, with no significant differé@raide (j.

[A]DI SCUSSION
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[B]Survival and Growth
Survival of juvenile Black Sea Bassn all diet treatments was excellent throughout the
experiment with little or no mortality. This is similar to what has been reported in other
carnivorous marine finfish specjesuch asHumpback Groupe(Shapaw et al. 2007, Cobia
Rachycentron.canadum (Zhou et al. 201)1 GreaterAmberjack Takakuwa et al. 2006 Black
Sea Turbot, (Yigit et al. 2009, and FloridaPompanoTrachinotus carolinus (Rossi and Davis
2012, which"showed high survival when fed diets with FM protein replaced by PBM protein at
levels of 20=100%.

The overall growth ofhe fish was satisfactory for fish reared for 56 d (initial weight =
1.2 g,final weight = 13.9-17.8) under all diet treatments. Growth performance was comparable
to what was'observed in previous studies of juveBlidek Sea Bassf similar size fed
formulated diets over similar duratiorslgm et al. 2008, 2012NVatanabe 2011). In this study,
juvenile Black Sea Basfed diets with 40-90% PBM protein showed equivalent growth to those
fed the control 100% FM protein diet over a 56-d study period. However, growth was
significantlysloewer in fish fed the 100% PBM protein diet than those fed the céir@lrotein
diet, and regresson analysis showed a breadint at 81.8% of FM replacement when BWG was
plotted against perceRM replacementShapawi et al. (200§lIso reported no significant
differences in growth of Humpback Grouper fingerlings fed 50% or 75%deste PBM
protein diets but found reduced growth in fingerlings fed a 100% feed-grade PBM protein diet.

Compared to marine species, freshwater finfish show better growth performance when
fed diets completely replacing FM proteuith PBM protein. For example, Nilel&pia
Oreochromissileticus (EI-Sayed 1998) and sunshinass (female White Baddorone chrysops
x male Striped-Bagel. saxatilis) (Webster et al. 1992000 fed diets completely replacing FM
proteinwith®PBM protein showed no reduction in growth performance. On the other hand, the
dietary FM proteirlevel for the marine JapaneSeaBassLateolabrax japonicus can only be
reduced to 80% if PBM protein is used as a substitute (Wang et a). Eot3he marine finfish
Totoabalotoaba macdonaldi, PBM protein was a good source of nutrients in juvenile diets at a
FM protein replacement level of 67%, whereas fish fed a 100% PBM protein diet shewed t
slowest growth and highest mortali®apata et al. 20361In the maine FloridaPompano,
growth performance was unaffected when PBM protein replaced 67% of the FM protein in th
diet (Riche 2015); however, growth performance was reduced when PBM protein replaced 100%
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of the FM potein Rossi and Davis 2012Riche (2015suggested that methionine was first
limiting or colimiting with lysine when PBM supplied all the dietary protein in FloRdanpano.
Although amino acid composition of the treatment diets was not analyzed in the piedgnt s
the reduction in_growth of fish fed diets replacing 100% FM with PBM may have betedréd
a deficiency.ef some essential amino acids. Based on tkerdine regression analysis using
BWG data; PBM protein can replace up to 81&%M protein in the diet of juvenilBlack Sea
Basswithoutadverse effects. These levels of FM replacement using-gifeee PBM is similar
or slightly*higher to those typically seen in other marine finfisk-88%0) and suggests that

Black Sea BasBave an ability to digest and assimilate high leveBRI¥ protein.
[B]Feed Utilization

Feed intake in juvenilBlack Sea Basdid not differ significantly among treatments, suggesting
that palatability-was not affesd by substitution of PBM protein for FM protein in the treatment
diets. The F€R.and PER in fish fed diets with up to 90% PBM protein were also not significantly
different from fish fed a control 100% FM protein diet. In contrast, fish fed a 100% p?8tein

diet showed increased FCR and decreased PER values consistent with decreased growith found i
the 100% PBM protein treatment. Poor feed utilization was also obsertAompback Grouper

fed a 100% PBM protein diet (Shapawi et al. 2007 Black SeaTurbot, lower feed intake and

FCR of fish fed 100% PBMrotein replacement diets were reported (Yigit et al. 2006
contrast tonthese findings, feed utilization was not affected by complete repl@cemFM
protein by"PBM protein in AfricarCatfish Clarias gariepinus (Abdel\Warith et al. 200} or
sunshine Bss(Webster et al. 1999). The quality of PBM used to replace FM can influence feed
utilizationtand growth of finfisrand, hence, the maximum level of substitution resulting in no
adverse effectsyon fish performanBm(g et al. 1993Bureau et al. 1999

[B]Whole Bedy:Proximate Composition

Whole body meisture content was significantly higheBlack Sea Basted diets with 58680%
and 100%,PBM protein. In contrast, Takakuwa et al. (2008d lower whole body moisture
content inGreate Amberjack fed diets replacing 60% of the FM protsith PBM protein.

In the present study, whole body ash content increased with increasing levels of PBM

protein in the diet. This was likely related to high ash (mineral) content in PBM, which often
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confins bones, heagdand feet and may indicate that Black Sea Bas® a lower digestibility
of ash from PBM comparedith ash fromFM. Similar results were observediiumpback
Grouper fed diets with 75% and 100% PBM protein, which showed higher wholeblody
contents comparedith the fish fed control diets with high FM (Shapawi et al. 200V African
Catfish AbdekWarith et al. 200Lland NileTilapia El-Sayed 199Bdiets, complete replacement
of FM protein with PBM protein also produced high whole body ash content.

No'significant differences were seen in whole body protein content of ju\Bladk Sea
Bassin this'study, suggesting that assimilation of PBM protein by these fish was coragarabl
FM protein. GreateAmberjack fed diets replacing 20—608%FM protein with PBM protein
with or withoutsupplemental amino acids likewise showed no differences in whole body protein
(Takakuwaret al. 2006JuvenileCobia fed diets replacing 15-60% FM proteiith pet-food-
grade PBM protein (Zhou et al. 2011) and Humpback Grouperrfinge fed diets with 7%
and 100% of a pet-food-grade PBM protein (Shapawi et al. 2007) produced whole body protein
content similar to a control FM protein diet. Giltheaehbream fed diets with 100% poultry
meat mealproteirNengas et al. 1999) also showed no difference in whole body protein from
fish fed a control FM protein diet. However, a diet containing 75% of a locally awaPaiV
protein produced a decrease in whole body protein content in this species and showed a low
protein digestibility Nengas et al. 1999These results emphasize the importance of
understanding the quality of PBM and its influence on digestibility and on fish proximate
composition.

Whaele"hody lipid content was not affected by the replacement of FM protein by PBM
protein up te-a‘level of 100%. Dietary lipid levels were only slightly different begtvVirkBM
protein diets and the control FM protein diet, but very similar whole body lipid levelag
treatments suggest that the lipid in PBM was utilized as efficiently as the lipid in FM. This is
similar to other.marine finfish, includingGreaterAmberjack Takakuwa et al. 200&ndCobia
(Zhou et al..2011) fed diets with up to 60% PBM protein and Humpback Grouper (Shapawi et al.
2007) fed 75% and 100% PBM protefor which whole body lipid levels were not affected by
PBM protein substitution for FM protein in the diet. Among freshwater finfish, Yaag e
(2006) reported no difference in whole body lipid contentibeBCarpCarassius auratus

gibelio fed up to 100% PBM protein. No difference in whole body lipid content was reported in
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African Catfish (Abdel-Warith et al. 2001), Nildilapia El-Sayed 1998 or sunshine &ss
(Webster et al. 1999) fed diets replacing 106f%6M proteinwith PBM protein.

[B]Muscle Tissue Proximate Composition

Moisturej ash;"and protein content of the muscle tissue showed no significant diffeaemang

fish fed the different diet treatments. These results differ from the treedvedsin whole body
tissues_toward higher ash levels with increasing PBM prateithe diet, indicating that
inorganic material from PBM was concentrated in either bone tissue or intestines, rather than in
muscle tissueYigit et al. (2006)also reported no differences in moisture, ashrotem content

for muscle tissue iBlack SeaTurbot fed diets replacing up to 50% of the FM protein with PBM
protein. In contrast, replacement of FM protein by PBM protein at levels%farl 100% in

the diet ofBlack Sea Turbot caused an increase in muscle moisture and ash content and a
decrease insprotein conteMtigit et al. 2006. JuvenileBlack Sea Basted the 50% PBM protein
replacement diet had significantly higher muscle lipid levels than the cof08&b EM protein

diet, while fish fed diets with 40% and-&0% PBM protein showed no differences in muscle
lipid. A passible reason may be the inadvertent selection of bigger fish for lipid analykat
particular=diet=treatment. Blackea Turbot fed dets with 25-100% PBM protein showed no
significant differences in muscle tissue lipid contéfigit et al. 2006.

[B]Fatty Acid Profile of the Dietsand Whole Body

Although tetal lipid content of the whole body was not significantly different betweenetsh f
PBM protein and FM protein, the composition of fatty acids in the whole body esfldatary
levels of the*terrestrial animal and marine protein sources et acid(18:1n-9]) levels
increased with increasing PBM protein in the diet, causing a corresponding increase in total
MUFA concentrations with increasing PBM protein. Clearly, PBM contains high#fAd than
FM, and highslevels of dietary PBM produckih amounts of MUFAs in the whole body of
juvenile Black=Sea Bass. This same trend was observed in linolei¢1&:2[n-6) and the sum

of n-6 PUFAS in the whole body of juveniBlack Sea BassSimilarly, juvenileCoho Salmon
Oncorhynchuskisutch fed a diet completely replacing FM protein with PBM protein contained
elevated oleic acid, total MUFA, linoleic acid, and toted RUFA levels Twibell et al. 2012
Increased oleic and linoleic acid levels weso reported in AtlantiSalmonSalmo salar fed

diets partially replacing fish oil with poultry fatliggs et al. 2006
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In the present study, fish fed the 100% PBM diet showed the lowest growth performance,
and this may also be due in part to the relatively low dietary levels of essential fattyTadbs (
5), particularly the longchain n-3 PUFASs, 20:5(n-BPA, and 22:5(n-3) DHA. The lipids
present in_the poulirmeal are generally rich in MUFAs (particularly oleic acid) and tofal n
PUFAs but.are low in n-BUFAs, EPAand DHA Higgs et al. 2006)The PBM protein can be
included up.to.a level of 44% in diets for julerRainbow Trout without a decrease in EPA and
DHA in‘'whole"body tissuedaresSierra et al. 2014

Given'the trend toward lower dietary n-3 PUFAs with increasing incorporation of PBM
protein, the comparablevels of R3 PUFAs in whole body tissues among all diet treatments are
noteworthy.and may suggest that dietary¥ RUFA requirements were met under all diet
treatments»This supports the idea that growth inhibition in the 100% PBM protemayidtave
been due to anjamino acid deficiency. Fish fed the 50% PBM protein diets showed much higher
whole body EPA, DHA, and n-3 PUFAs than the fish fed the others diets, but this wasypossibl
due to the'inadvertent selection of bigger fish for fatty acid anatysist diet treatment.

ThesPBM used in the present study had a higher lipid content than the FM, so less fish oll
was addedassPBM was increased in the diets to maintain the diets isolipidic. Hence, the diet
replacing*200% FM proteiwith PBM protein contained 1.2% less fish oil than the high FM-
based conirol diet. Since PBM is low in n-3 PUFAs, the substituti®Bdf proteinfor FM
protein and the incremental reduction of fish oil reduced EPA and DHA levels irethe d
However, growth performance was not impaired up to a substitution level of 90% PBM.prote
The EPA and"DHA levels for the diets replacing up to 90% FM pretéimPBM protein met or
exceeded thesminimum recommended dietary levels for other marinsutthafked Seabream
Pagrus major and Yellowtail Seriola quinqueradiata (Sargent et al. 2002). Juvenile Coho
Salmon fed diets using PBM protein to replace FM protein showed lower EPA, DHAqtal
n-3 PUFA concentrations as well as a lowe3 to n6 PUFA ratio Twibell et al. 2012 A
significantly lower r3 to n-6 PUFA ratio in the whole body Bfack Sea Basfed PBM-based
diets comparewith the fish fed control FM protein diet was also observed in this stlatyl€
6). Replacing,EM proteiwith PBM protein in the diets @lack Sea Basalso did not affect the
ratio of DHA to EPA (0.84-1.01) found in the whole bodyevel which was above the dietary
requirement for éllowtail (0.5) Sargent et al. 2002). Wu et al. (2002ported thathe growth
of Malabar GouperEpinephelus malabaricus was enhanced when the DHA to EPA ratio in the
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diet was greater than 1.0. No recommended level of EPA or DHA in the diédafdk Sea Bass
has been published. However, based on the EPA and DHA levels in the diets unithesnst
the reported requirements for other marine species, sufficient EPA and BiApvovided in all
the diets replacing FM protein witPBM protein.

[B]Appar ent.Rigestibility Coefficient of Dietary Protein and Lipid

In the present studythe ADC of protein ranged from 82% ®4%, which is similar to values
reported for other species such Rainbow Tout (8191%) fed poultrymeatbased diets
(Sugiura et'al™"1998; Bureau et al. 19@heng and Hardy 200Zheng et al. 20045aylord et

al. 200§. <AQ: Sugiura et al. 1998 is not found in the references.>However, low and variable
protein digestibility has been reported by other workeRambow Tout (64-78%) Dong et al.
1993. Raw=materials high in bone tissues result in PBMs with high ash content, which is
associatedswith low protein digestibilit(reau et al. 199%ugiura et al. 2000The elatively

high ADC of protein in the present study could be due to the usaveddh and higiguality

(66% protein) PBM in the diets.

Except for a slightly lower ADC of protein in the 70% PBM diet, the ADC of protein for
all treatmenis-suggedtsatPBM protein is as digestible as FM protein and thus well assimilated
by Black Sea BasdNo significant differences were reported in protein ADC odater
Amberjack fed diets with 60% of the FM protein replaced by PBM protein with and without
supplementedmino acidsTakakuwa et al. 2006however, protein ADC values were lower
than those In the present study indicating Blatk Sea Basare able to digest PBM protein
more efficiently/tharGreaterAmberjack. Total replacement of FM protein with PBM protein
was achievedsin hybridtped Bass<AQ: Please provide a scientific name for the hybrid
StripedBass:>using available (rather than actual) dietary amino acid catioest(Gaylord
and Rawles™2005). In the present study, growth was significlower inBlack Sea Basted
100% PBM protein, possibly due to a deficiency in available concentrations of somigaésse
amino acids in.this diet. Further studies are needed on amino acid avgitidliamino acid
digestibility in PBMbased dietsniBlack Sea Bass

Lipid ADC was uniformly high among treatments, suggesting thdtgitein PBM was
as digestible bflack Sea Basas the lipid in FM. This is in accord with what was found in

GreaterAmberjack fed diets with up to 40% PBM protein with and without additional amino
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acids Takakuwa et al. 2006) and in Humpback Grouper fed 75% and 100% feed-grade PBM
protein (Shapawi et al. 20Pih which lipid ADC was not different from the control FM diet.
[BJCONCLUSION

The results'demonstrated that FM protein can be replaced bygifegel PBM protein in juvenile
Black Sea Bassliets at levels as high as 81.8% without adversely affecting survival, growth,
feed utilizaton, fish biochemical composition, or ADC of protein or lipid. Poultrypogduct
mealis a highly effective protein source for alternative protesed feed formulation f@lack

Sea Bass
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FIGURE 1. Growth (wet weighthteant SEM; N = 3) of juvenileBlack Sea Basked diets with
increasing,concentrations of fish meal protein replaced by poultpydiyuct meal (PBM)
protein for.56.d. Significant < 0.05) treatment effectsnarked with double asteriskaere
observed pnalys28, 42, and 56.

FIGURE. 2. Brokerine regression analysis betweeondy weight gainand percent fish meal
replacement bpoultry by-product meain the diets of juvenil®lack Sea Bass

<AQ: In‘Figure=2, please define the black dots and the bars surrounding them.>

<TQ: In Figure 2, please change thaxis label to “Percent fish meal replaced in diets”.>
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TABLE 1. Formulation of diets using varying amounts of poultry by-product meal protein to

replacefishumealprotein. All values are inrgmsper 100 g diet unless otherwise noted.

Percenfish mealreplaced

Diet ingredients and

composition 0 40 50 60 70 80 90 100

Ingredient
Menhaden fistmeaf 70 42 35 28 21 14 7 0
Poultry by=product

meal 0 251 313 376 439 50.1 56.4 62.7
Wheat starch 139 139 139 139 139 139 139 139
Wheatgluterf 4 4 4 4 4 4 4 4
Menhaden fistoil® 4.6 4.2 4.1 4.0 3.9 3.8 3.7 3.6
Soybearecithin® 1 1 1 1 1 1 1 1
Vitamin premix 3 3 3 3 3 3 3 3
Mineral premix 3 3 3 3 3 3 3 3
Vitamin C 0.01 001 001 001 001 001 0.01 0.01
Calciumsphosphate 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Cellulese 0.0 3.3 4.2 5.0 5.8 6.7 7.5 8.3

Total 100 100 100 100 100 100 100 100

Proximate composition

(analyzed)
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Percenfish mealreplaced

Diet ingredients and

composition 0 40 50 60 70 80 90 100

Ingredient
Crude protein 444 432 434 427 433 43.0 429 429
Digestible protein 386 364 361 36.7 353 357 359 357
Crudeiipid 140 132 123 124 130 128 126 128
Digestible lipid 129 120 108 110 116 115 114 115
Ash 16.4 143 140 128 127 123 118 11.0
Energy (kJ/d 185 178 175 174 177 176 173 17.6

*Melick Aquafeed, Catawiss®ennsylvania; 59.5% protein, 12% lipid.

PMelick Aquafeed 67% protein, 15% lipid.

‘MP Biomedicals, Solon, Ohio; 77% protein.

%virginia Prime Gold Omega Protein, HoustoneXas.

°Soapgoods, Smyrna, Georgia.

'Kadai, University oKagoshima, Japan

9Calculated-value based on carbohydrates, protamklipidsat 17.2, 23.6, and 39.5 kJ/g,
respectively Blaxter 1989.

TABLE 2. Survival, growth, and feed utilizatioméan zstandarcerror of the meaiEM];

N = 3) of juvenileBlack Sea Basted diets with increasing concentrations of fish meal protein
replaced:by-peultry by-product mg&BM) protein after 5@lays. Growth and feed utilization
parameters include percent body weight gain (BWG), specific growth rate (S&R)nfake

(FI), feed conversion ratio (FCR), and protein efficiency ratio (PBRhin columns, neans

with a cemmon letter were not significantly differerBQ: In all tables please check all
footnote and statistical significance designations carefully. Per sectitih dfZhe AFS style
guide: Note that the letter z may indicate either the largest or the smallest valt#{a} the

other letters must then follow suit (e.g., if z indicates the largest value(s), y must indicate the
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next largest, and so forth). Do not use the sequence a, b, c, . . . in statistical compacsoss

these letters are reserved for footnotes.>

Diet
Surviva, Finalweight b I
o BWG”’ (%) SGR (%/d)  FI° (g/fish/d) FCR PER
(% | (%) ()
PBM)?
0 98 3 17.80£0.76 1307+62.4 2.46+0.05 0.29+0.007 0.99+0.07 2.29+0.16
.3z
(control) z zy zy z y z
15.85+0.58 1,199+16.2 2.41+0.03 0.29+0.015 1.11+0.01 2.08+0.02
40 96.7z
zy Zyx zy z zy zy
16.34+0.50 1357+34.4 259+0.02 0.29+0.003 1.08+0.02 2.13+0.03
50 98.3z
zy z z z zy zy
15.39+£0.45 1136+61.6 2.34+0.08 0.29+0.007 1.17+0.02 2.01+0.04
60 98.3z
yX yX y z z zy
1590+ 0.06 1231+32.8 2.45+0.05 0.29+0.007 1.09+0.03 2.13+0.05
70 98.3z
zy Zyx zy z zy zy
15.93+£0.34 1250+41.6 2.47+0.07 0.29+0.003 1.09+0.02 2.14+0.05
80 100.0z
zy zy zy z zy zy
16.18+0.12 1196+11.5 2.39+0.02 0.30+0.009 1.14+0.02 2.10+0.03
90 95.0z
zy Zyx zy z zy zy
13.56+0.45 1045+33.8 2.30+£0.03 0.26+0.015 1.19+0.03 1.96+0.04
100 98.3z
X X y z z z

&/alues represent percentfih mealprotein replaced by PBM protein.

PBody weight gain (%) #final wet weight- initial wet weight)/initial wet weighk 100%.

“Specific growth rate: [In (mean final weight) 40 (mean initial weighf)56 d x 100.

Ireed intakevas measured as grams per figh day

°Feed conversion ratiotetal feed intake (g)/wet weight gain (g)

'Protein efficiency ratic= wet weight gain (g)/total protein intake dry weight (g) over thel56

study.
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TABLE3."Proximate composition (% wet basiseant SEM; N = 3) of whole body tissue from
juvenile Black'Sea Basfed diets with increasing concentrations of fish meal protein replaced by
poultry byproduct meal (PBM) protein after Bfays. Within columns, means with a common
letter weresnotssignificantly differg.

Diet (% PBM): Moisture(%) Ash (%) Protein(%) Lipid (%)

0 (contral) 63.5+0.44y  4.49 +0.16 X 16.6 + 0.34 7 11.2 + @8
40 65.2 £ 0.62y 4.90 +0.07 x 16.6+£0.14z 11.6+0.06 z
50 65.6 £0.27 z 4.86 +0.04 x 15.8+0.14z 11.6+0.23z
60 66.1+0.19z 5.59+0.11y 16.6 £+0.25z 11.1 + @04
70 65.8+047z 5.39+0.07y 15.7+0.24z 11.3+@y18
80 65.8+043z 5.45+0.13y 15.6+£0.38z 11.2 £ @21
90 65.1 + 0.3%y 5.52+0.07y 164+0.22z 11.0+0A8
100 66.2+0.31z 6.37£0.07 z 16.2+0.34z 10.5+0.22y

®Percent of fish meadrotein replaced by PBM protein.
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TABLE 4. Proximate composition (% wet basiseant SEM; N = 3) of muscle tissue from
juvenile Black Sea Basfed diets with increasing concentrations of fish meal protein replaced by

poultry bypreduct meal (PBM) protein after Bfays. Within columns, means with a common

letter were not significantly different

Diet (%'PBMy* Moisture(%) Ash (%) Protein(%) Lipid (%)

0 (control) 76.4+0.52z2 1.31+0.04z 19.1+0.65z2 2.7+0.04y
40 76.2+0.09z 1.29+0.03z 19.3+0.23z 3.0+ eyl12
50 75.9+0.24z 1.32+0.01z 19.3+0.17z 3.4+0.02z
60 755+0.51z 1.30+0.04 z 20.1+0.19z 26+0.10y
70 76.2+0.31z 1.34+0.02z 18.5+0.29z 26+0.13y
80 75.9+031z 1.31+0.01z 18.1+0.26 z 28+0.16y
90 76.2+0.02z 1.31+0.01z 19.1+0.80z 28+0.06y
100 76.3+0.31z 1.33+0.03z 18.2+0.35z 2.7+0.10y

®Percent ofish mealprotein replaced by PBM protein.

TABLE 5. Fatty acid profilemg/g dry weightmeant SEM; N = 3) of diets with increasing
concentrations of fish meal protein replaced by poultry by-product meal (PBM)rpfot
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juvenile Black Sea Bas®Vithin rows, neans with a common letter were not significantly

different. Abbreviations are as follows: SFAsaturated fatty acid, MUFA = monounsaturated

fatty acid, PUFA = polyunsaturated fatty aditPA = eicosapentaenoic acid, and DHA =

docosahexaenaic acid. For fatty acid notation, the number to the left of the colon is e num

of carbon atems in the compound, the number immediately to the right of the colon is the

number of.double bonds, and the number after the hyphen indicates the potion of the first double

bord fromthe'methyl end.

Fattyacid 0% (control), 40%PBM 50%PBM 60% PBM 70%PBM 80%PBM 90% PBM 100%l
14:0 7.7+0.39z 6.0+0.24y 48+0.11x 4.3£0.09xw  4.3+0.18xw 3.5+0.22wv 3.7+0.21xw  2.5%0
19.6£0.87
16:0 21.3+0.68z 18.4+0.19z 19.1+0.32z 20.4+0.75z 19.3+0.99z 20.2+0.76z 18.4+(
z
11.7+0:557= 10.8+0.41
16:1(n-7) 9.0+ 0.16x 8.8+ 0.16x 9.2+0.38zy 8.2+0.47xw  9.1+0.27x 7.0£0
. zy
18:0 4.1+0.16y" 5.0+0.13zy 4.5+0.02zy 4.8+0.07zy 5.1+0.16z 5.0£0.22z 5.0+0.39zy 4.9%0
18:1(n-9) 9.5F042w" 18.9+0.78x 17.6+0.11x 20.1+0.31x 23.3+0.8ly 23.4+1.13y 26.9+0.16z 24.6+0
18:1(n-11) 3.4+£0715z 2.8+0.15y 2.5+0.05yx 2.4+0.04x 2.3+0.09x 2.2+0.08xw 2.0+0.02xw 1.8+0
18:2(n-6) 6.8+0.33w 12.4+0.47x 11.6+0.16x 12.84£0.18yx 14.8+0.55zy 14.6+0.71y 16.9+0.30z 14.7%(
3.1+0.137
18:4(n-3) 25+0.100y 2.0£0.044x 1.8+0.033xw 1.8+0.035xw 1.4+0.083w 1.5+0.122w 0.9%0.
z
20:1(n-9) 1.1+0.05z° 1.0+0.03z 0.8+0.01y 0.8+0.01y 0.8+0.02y 0.7£0.03yx  0.7+0.05x 0.6+0
20:2(n-6) 1.7+0.08z 5 1.3+0.04y 1.1+0.02x  1.0+0.01xw  1.0+0.03xw 0.8+£0.04wv  0.8+0.02v 0.6+0
20:5n-3) 12.1+0.58
9.2+0.33y 7.4+0.14x 6.7+0.11xw 6.5+0.22xw  5.3%x0.29w 5.310.24w 3.5+0
(EPA) z
1.0+0.05
22:5n-3) 21+009z_ 18+0.17z 1.4+0.01ly 1.3+ 0.02yx 1.2+ 0.03yx 1.0+£0.02xw  0.8x0
YXW
22:6n-3) 12.3+0.57
(DHA) 9.0+ 0.37y 7.0£0.07x 6.3+ 0.09x 6.0£0.17xw 4.8+0.24wv 4.4+ 0.05v 3.1+0
z
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Fattyacid 0% (control)  40%PBM 50%PBM 60% PBM 70%PBM 80%PBM 90%PBM 100%f
31.3x1.41 27.6x0.31 27.8+1.44 28.9£0.94
> SFA 32.4+1.05z 28.2+0.48zy 29.8+1.08zy 25.9% (
z zy zy zy
25+1:18 33.5+1.17 29.9+0.30 34.5+1.70 34.0+
> MUFA 32.0+£0.52yx 35.7+1.28zy 38.7+0.27z
W yX XW zZyx zy.
>n-3 29.6x1.35 12.5+0.66
22.6£093y 17.7x0.27x 16.0£0.25x 15.5%+0.44xw 12.1+0.30v 8.3%0
PUFA z wv
>n-6 8.5£0.40 13.7+0.51
12.7£0.17x 13.8£0.20yx 15.9£0.58zy 15.4x0.75y 17.7+0.32z 15.3%(
PUFA w yX
n-3/n-6 3.5+0:005
1.6+0.007y 1.4+0.005x 1.2+0.009w 1.0+0.009v 0.8+0.007u 0.7+0.029t 0.5+0.
PUFA z
DHA/EPA 1.01+0.007. 0.98+0.016 0.95+0.009 0.95+0.004 0.93+0.008 0.91+0.006 0.84+0.044  0.88%
z zy zZyx zZyx ZyXwW yXW w XW
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TABLE 6. Fatty,acid profilgmg/g dry weightmeant SEM; N = 3) of whole body tissue from

juvenileBlack.Sea Basfed diets with increasing concentrations of fish meal protein replaced by

poultry byproduct meal (PBM) protein after Bfays. Within rows, mans with a common letter

were not significantly different-or abbreviations and fatty acid notation see Table 5.

Fatty Acid 0% (control)  40%PBM 50%PBM 60% PBM 70%PBM 80%PBM 90%PBM 10C
14.0 8.7£0.50zy 7.6+0.39yx 9.9+0.17z 5.8£0.09xw 6.0£0.57xw 6.1+0.52xw 5.5+ 0.70xw 4.8:
40.9+£ 3.25
16:0 36.9+1.99y 38.9+1.03y 54.7+£3.29z 35.1+0.33y 37.7£2.20y 43.8+5.33zy 47.2
zy
16:1(n-7) 154+1.09y 154+0.58y 21.4+0.62z 13.1+0.12y 14.4+1.32y 153+1.39y 15.1+1.87y 16.C
12.4+1.05 9.6+ 0.66 11.0£1.28
18:0 8.31044x  8.6+0.31x 8.3£0.18x 9.0+0.36yx 12.4
zy Zyx Zyx
34.0+0.87 52.2+3.36 35.5+0.44 41.5+2.45 46.5+3.91
18:1(n-9) 24.7+1.74w 53.5+6.42zy 61.7
XW zy XW yX Zyx
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Fatty Acid 0% (control)  40%PBM 50%PBM 60% PBM 70%PBM 80%PBM 90% PBM 10C
18:1(n-11) 5.0£0.28zy 4.4+0.16zy 5.9+0.50z 3.5+0.07y 3.7+£0.37y 3.7+0.23y 3.7£0.47y 4.0
11.1+£0.36 23.1+1.39 13.0£0.06 17.8+1.86 20.8+2.31
18:2n-6) 7.3£0.91v 25.2+2.93zy 29.¢
wv zy XWV YXW yX
18:4(n-3) 23+0.50zy 1.3+0.12y 3.4%0.11z 1.1+0.03y 1.7+£0.32zy 1.8+0.25zy 1.7+0.19zy 2.3:
20:1(n-9) 1.4+011zy 1.2+0.02zy 1.7+0.16z 1.0£0.02y 1.1+£0.06y 1.2+0.09y 1.4+0.16zy 1.5
20:2(n-6) 1,6+ 0:37zy 0.910.04y 2.4+0.10z 0.8+ 0.02y 1.3+0.18y 1.4+0.18y 1.5+0.19y 1.6+
20:5n-3)
(EPA) 84+251zy 3.3x0.17y 12.1+0.41z 2.9%0.07y 5.6+£1.25y 5.8+1.07y 6.1+0.71y 5.8
22:5n-3) 2.2+0.66zy 0.8+0.06yx 3.0+0.22z 0.7£0.01x 1.4+0.27yx 15+0.27yx 1.7+0.19zyx 2.0z
22:6n-3)
(DHA) 8.3£2.98zy 26+0.11y 12.6£0.91z 2.3+0.05y 5.0+1.21y 53+1.11y 6.0+ 0.65y 5.6
>'SFA 53.9+294y 55.1+1.44y 77.0x4.44z 49.2+041ly 52.7+3.14y 56.5+4.42y 60.2+7.32zy 64.5
55.0+1.33 53.1+0.36 60.7+4.19 66.7+5.58
>MUFA 46:5+ 3.21x 81.3+4.57z 73.6+£8.92zy 83.1
yX yX Zyx Zyx
20.91 6.66
>'n-3 PUFA 8.0+£0.41y 31.0+1.64z 7.0+0.12y 13.7+3.04y 14.4+2.69y 15.6+1.75y 15.7
zy
12.0£0.40 25.5+1.49 13.8£0.04 19.1+2.04 22.2+2.49
>n-6 PUFA 8.9+ 1.28v 26.7+£3.12zy  31.€
wv zy XWV YXW yX
0.7£0.012 0.7£0.077 0.6+ 0.056
n-3/n6 PUFA 2.8+£0.373z 1.2+0.007y 0.5+0.008x 0.6+£0.005yx 0.5
yX yX yX
0:99+0.05 0.89+0.01 0.90+0.04
DHA/EPA 0.78+0.02x 1.04+0.05z 0.80+0.01x 0.99+0.01zy 0.96
zy yX ZyX

TABLE 7. Apparent dyestibility coefficients (% meant SEM; N = 3) of diets with increasing

concentrations of fish meal protein replaced by poultry by-product meal (PBM)rpfot
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juvenile Black Sea Bas®Vithin columns, neans with a common letter were not significantly

different.

®Percentiofish'mealprotein replaced by PBM protein.
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Diet (% PBM} Protein (%) Lipid (%)

0 (control) 87.0+£0.92z 9231091z
40 84.2 + 0.92y 91.1 +0.66 z
50 83.2 £+ 0.4y 88.2+1.16z
60 85.9+0.72z 89.1+0.50z
70 81.6+0.75y 89.4+0.83z
80 83.0 £ 0.92y 89.6 +0.50 z
90 83.7+£0.1zy 90.7+0.64 z
100 83.2 + 1.32y 90.2+1.37z
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