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ENGLISH SUMMARY

The meagre is a carnivorous fish that is being peed in the Mediterranean Sea thanks
to the high growth rates and meat quality. Theransost no nutritional information related to
this species in comparison to sea bass and sea Ipreauction. The objective of this Doctoral
thesis was to determinate the nutritive requiren@himeagre and study the inclusion of
soybean meal as an alternative protein vegetalde tmeeplace fish meal.

Two groups of fish of 53 and 200 g body weight wesed and they were fed with one
commercial meal to determinate the protein andggnerquirement. In this trial it was applied a
factorial model to obtain the maintenance requimgséor protein that was 0.0617 g DP 100 g
fish® day' and for energy 2.74 kJ DE 100 g fisday'. The protein requirements for the
maximum growth was determinate in 0.64 g DP 10Bkj'fday" and the energy requirements
for the maximum growth was 38.5 kJ DE 100 g fistay'. Fish of 52 g of body weight were
used to study the effect of digestible protein 1ei35%, 43%, 49% y 53%). Fish fed with
experimental diets of de 43%, 49% y 53% of digéstifrotein obtained the highest growth
(Thermal Growth Coefficient 2.47, 2.57 y 2.69 x 1) respectively). The optimum digestible
protein levels for juvenile meagre were 8 g DP §Gish* day”. There were used fish of 147 g
in sea cage to determinate the Protein/Energy igalatn this trial fish were fed with
experimental diets of 47/20, 51/28 y 55/17. It wasained the highest growth and conversion
rates for 47/20 diet.

To determinate the soybean meal inclusion in mewgoegphases were done. In the first
phase, 800 fish of 165g were used during 107 dBlyey were fed with four isoproteic (50%
Crude protein) and isolipidic (17% Crude lipid) inclusion levels of 0, 15, 30 and 45% of
soybean meal. The 15 and 30% diets obtained therdmdts. And according to the quadratic
regression el optimum inclusion level of soybearaleere 27.6%. The relation between the
essential amino acids rate in the diet and thecralgssential amino acids rate in fish presented
the efficiency in arginine, lysine and treoninedanainly methionine. In the second phase it
was used the same methodology, but 300 fish ofg386dy weight were fed during 26 days.
The results showed that meagre obtained the higinewsith rate (Thermal Growth Coefficient
= 4.00 x10’) and we recommended the inclusion of soybean betaleen 30 and 45%.

According to the results obtained in the differantls, we propose a diet for
Argyrosomus regiusf 47% crude protein and 17% crude lipid and a 3ff9%soybean meal
inclusion, supplemented with methionine and lysineorder to obtain a high growth and
diminish the use of fish meal and make more prioleahe aquaculture production of this specie
in the Mediterranean Sea.
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RESUMEN EN ESPANOL

La corvina es una especie carnivora que se hapoi@do a la produccion de la
acuicultura en el Mar Mediterraneo, por sus altalices de crecimiento y calidad de la carne.
Por la poca informacion nutricional existente pasia especie, se ha introducido en su
produccion la experiencia que ya se tiene en lad#oy la lubina. Los objetivos de esta tesis
doctoral fue determinar las necesidades nutritileata corvina y estudiar la inclusién del turtd
de soja como una fuente proteica vegetal altermativia harina de pescado.

Para determinar las necesidades de proteina y ianeegtrabajo con un pienso
comercial, se experiment6 con dos grupos de p&8eg 200 g), en donde se aplicé un modelo
factorial, obteniendo que las necesidades de miamtario para la proteina fue de 0,0617 g PD
100 g peZ dia' y para la energia de 2,74 kJ ED 100 g'péia’. Las necesidades para el
méaximo crecimiento de la proteina fue de 0,64 glBD g peZ did'y de energia 38,5 kJ ED
100 g peZ dia’. Con peces de 52 g, se realizé el estudio delatilos niveles de la proteina
digestible (35%, 43%, 49% y 53%), los peces alie#o$ con piensos con niveles de 43%,
49% y 53% de proteina digestible, obtuvieron logones crecimientos (Coeficiente térmico de
crecimiento = 2,47, 2,57 y 2,69 x 1 Qespectivamente). El nivel 6ptimo de proteinasiiple
ingerida para juveniles de corvina fue de 0,8 glPD g peZ dia’. Para determinar la relacién
Proteina/Energia se experimentaron con peces dg &d7jaulas marinas y fueron alimentados
con piensos de 47/20, 51/28 y 55/17, obteniendonbegores crecimientos e indices de
conversién con el pienso 47/20.

Para estudiar la inclusion del turté de soja ewdevina se realizaron dos fases de
investigacion. En una primera fase se utilizarofi péces de 165 g, durante 107 dias fueron
alimentados con cuatro piensos isoproteico (50%rokeina bruta) e isolipidico (17% de grasa
bruta), con niveles de inclusién del 0, 15, 30 9648 turtdé de soja. En los piensos del 15y
30% de turtd de soja se obtuvieron los mejoredtegis y de acuerdo a la regresion cuadratica
el nivel éptimo de inclusion de turtd de soja fus 27,6%. La relacién entre el porcentaje de
aminoacidos esenciales de la dieta y el porcedgapgminoacidos esenciales a nivel corporal de
los peces presentd deficiencias en arginina, lisieanina y principalmente de metionina. En la
segunda fase se utilizé la misma metodologia quet primer experimento, pero utilizando 300
peces de 346 g de media durante 26 dias. Losadeslmuestran que la corvina presenté un
alto crecimiento (Coeficiente térmico de crecimient 4,00 x 16) y se recomienda una
inclusion de turté de soja de entre un 30 — 45%.

En base a los resultados obtenidos, se proponésnaopparaArgyrosomus regiuse
47% de proteina bruta, 17% de grasa bruta y un 8@%nclusién de turtd de soja,
suplementado con metionina y lisina, con el fiobigener altos crecimientos, disminuir el uso
de la harina de pescado y hacer mas rentable tugemn acuicola de esta especie en el Mar
Mediterraneo.
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RESUM EN VALENCIA

La corbina és una espécie carnivora que s’ha incatr@ la produccié de l'aquicultura
al Mar Mediterrani, pels seus alts index de crebmny qualitat de la carn. Degut a la falta de
informacié nutricional existent per a aquesta egpées’ha introduit en la produccio
I'experiéncia que ja es té per a I'orada i el lilwba Els objectius d’aquesta tesi doctoral van ser
determinar les necessitats nutritives de la corb@sudiar la inclusié del torté de soia com una
font proteica vegetal alternativa a la farina diex.pe

Per a determinar les necessitats de proteina gienes va treballar amb un pinso
comercial, es va experimentar amb dos grups de®&€b3 i 200 g), on es va aplicar un model
factorial, obtenint que les necessitats de mantmirper a la proteina van ser de 0,0617 g PD
100 g peix dia® i per a I'energia de 2,74 kJ ED 100 g pedia’. Les necessitats per al maxim
creixement de la proteina van ser de 0,64 g PDylg€ix" dia® i de energia 38,5 kJ ED 100 g
peix" dia'. Amb peixos de 52 g, es va realitzar I'estudi Befecte dels nivells de proteina
digerible (35%, 43%, 49% y 53%), els peixos alim&nhtmb pinsos en nivells de 43%, 49% y
53% de proteina digerible, van obtenir els millaneixements (Coeficient Térmic de
Creixement = 2,47, 2,57 y 2,69 x I Qespectivament). El nivell optim de proteina dige
ingerida per juvenils de corbina va ser de 0,8 glBD g peix dia®. Per a determinar la relaci6
Proteina/Energia es va experimentar amb peixogde Bn gabies marines i van ser alimentats
amb pinsos de 47/20, 51/28 y 55/17, obtenint el®rsicreixements e index de conversié amb
el pinso 47/20.

Per a estudiar la inclusio del tortdé de soia etoldina es van realitzar dues fases en la
investigacio. En una primera fase es van utiliB@0 peixos de 165 g, durant 107 dies van ser
alimentats amb quatre pinsos iso proteics (50%rdima bruta) e iso lipidics (17% de greix
brut), amb nivells d’'inclusié del 0, 15, 30 y 45% wrt6 de soia. En els pinsos del 15 i el 30%
de torté de soia es van obtenir els millors retilital’acord a la regressio quadratica el nivell
optim d’inclusié del tortd de soia va ser del 27,8% relacié entre en percentatge d’aminoacids
essencials de la dieta i el percentatge d’aminedesdencials a nivell corporal dels peixos, va
presentar deficiéncies en arginina, lisina, treaniprincipalment en metionina. En la segona
fase es va utilitzar la mateixa metodologia queskeprimer experiment , perd utilitzant 300
peixos de 346 g de mitjana durant 26 dies. Elsltagsumostren que la corbina presenta un alt
creixement (Coeficient Térmic de Creixement = 40D°) i es recomana una inclusié de tortd
de soia d’entre 30-45%.

D" acord amb els resultats obtinguts, es proposaingo per aArgyrosomus regiuge
47% de proteina bruta, 17% de greix brut i un 30¥%ckisié de tortd de soia, complementant-
lo amb metionina i lisina, amb la finalitat d’obieralts creixements, disminuir I'is de la farina
de peix i fer mes rendible la producci6 aquicokqdesta espécie al Mar Mediterrani.
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CAPITULO 1

INTRODUCCION GENERAL






Capitulo 1 Introduccion General

1.1.PRODUCCION ACUICOLA DE LA CORVINA.

Entre las prioridades reconocidas para un desamuintenido de la acuicultura,
se encuentra la diversificacion de especies. Esti@s especies de interés comercial, la
corvina @Argyrosomus regiyses la especie que mas recientemente se ha imadgpa
la produccién de la acuicultura Espafiola.

La corvina Argyrosomus regiysAsso 1801) Kigura 1), como otros miembros
de la Familia Sciaenidae, es objeto de interésnatéonal de cara a su cria comercial,
ya que es una especie altamente fecunda, ampliardiestitibuida, con unos precios de
mercado medio-altos y con buena aceptacion poe jpiertios consumidoré®onfort,
2010). Ademas, presenta la ventaja afiadida de que sedeatina especie eurihalina,
con un amplio rango de tolerancia de salinidadqle permite su adaptacion a
ambientes muy diversos, incluso a la cria terremtraguas salobres. También tolera
perfectamente la cautividad, como demuestra suepces en grandes acuarios, Yy
presenta unas elevadas tasas de crecimiento emdengounos buenos indices de

conversionCalderoret al.,1997; Pastoet al.,2002)

- . ]
Figura 1. Comercializacion de corvinas en un mercado derd@edurante el mes de octubre
de 2012Fuente propia)
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Aunque, la principal ventaja d&. regiuses su rapido crecimiento; en la fase
larvaria cuadriplica el peso de larva de doraddusante el engorde, a los 18 meses
puede llegar a alcanzar 1 Kg de peso {Rastoret al.,2007; 2008a, b; Vargas-Chacoff
et al., 2007, 2009; Monfort, 2010Qpastante superior a los 400 g que alcanza laldora
en este period@Cardenas, 2010)

Por otro lado, el interés en la cria de la corvima solo abarca el campo
comercial, sino también el de la conservacion dedoursos naturales: Las poblaciones
mediterrdneas de esta especie han sufrido un alsnratroceso(Quero, 1989)
pudiéndose considerar extinguida en areas com®@désares, donde antafio era una
captura relativamente frecuente, con presenciaualen los mercadddlayol et al.,
2000; Jiménezt al, 2005) La vulnerabilidad de esta especie, como muchass ot
miembros de su familia, es muy grande, a pesauddevada fecundidad, ya que su
distribucion geogréfica en aguas costeras, altamerplotadas, y sus agregaciones
estuaricas en época reproductiva con producciésod@los durante éstas, juntamente
con su valor de mercado, la hacen objeto de unzapetensiva y facil de localizar en
tiempo y espaciqSadovy & Cheung, 2003; Lagardéet al., 2006) Ademas, la
asociacion de la puesta a un ambiente estuaricenesj misma, una amenaza a la
propagacion de la especie, debido a la degradggi@hucion de muchas de estas areas
costeragSadovy & Cheung, 2003Asi, la cria en cautividad de la especie es tdmbi
interesante desde el punto de vista de la repdiblade pesquerias tradicionales
sobreexplotadas o extinguidas, como es el casdaeBalear y de gran parte del litoral
mediterraneo espafiol.

Los primeros estudios de la familia Sciaenidae stotks provenientes del
medio natural se realizaron en Francia. En 1997eton lugar las primeras

producciones comerciales, donde se logré su repoi@u en cautividad. Sin embargo,
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debido al desconocimiento de la tecnologia repribcug de cria larvaria empleada por
las escasas empresas internacionales que habis@goaio el éxito reproductivo, las
empresas espafolas dependian del suministro intenahde alevines de la especie.

En 1999 se empez6 a trabajar con la corvina enfiasgan la finalidad de
desarrollar técnicas productivas que permitieraerdificar la produccion y mejorar la
competitividad en el mercado, que en la actualsgadncuentra consolidada, es decir, al
igual que otras especies en produccion su cicl@®dimn estad cerrado, es decir, los
alevines se logran a partir de reproductores, yardar todo su crecimiento hasta
alcanzar la talla comercial son mantenidos endati.

Aunque el empujon a este tipo de produccion no Wiasta 2005, cuando se
aprobo el proyecto nacional (JACUMAR) de producail@anla corvina (PLANACOR)
que se ha dedicado a investigar la reproduccitraatividad de la corvina y a realizar
pruebas piloto de cria larvaria y pre engorde ¢gengms comerciales y experimentales.

La produccion de corvina en Europa en 2011 asceadsd/70 tn, un 4,2%
inferior al dato de 2010, cuando se produjeron B.83 Los principales paises
productores de corvina de acuicultura son Espaia2d@80 tn (el 76,4% del total),
Francia e ltaliaKigura 2) (APROMAR, 2012) La produccién mediante acuicultura de
corvina en Espafia en 2011 ha sido de un 11,4%anteta de 2010. Las causas de esta
reduccion son, por una parte comerciales, y pa, d& prohibicion transitoria del
cultivo de esta especie en Canarias. Las prin@palgiones productoras de esta especie
son la Comunidad Valenciana (52%) y la Regién decduy45%)(APROMAR, 2012)

Sin embargo, la produccion en 2012 ha sido de ltdiha cifra 43% inferior a
la de 2011, y casi un 50% menor a las 3.250 tn0d€.2Las causas de esta reduccion
son por una parte comerciales, dada la complep@ahtroducir cantidades relevantes

de un nuevo pescado en el mercado; y por otra ptiwds, por la indefinicién del
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Gobierno de Canarias sobre la autorizacion de espacie que se ha comprobado
autoctona en las aguas de las Islas Canariasegemes productoras de esta especie en
Espafa son la Region de Murcia (61%) y la ComunMalénciana (37%), existiendo
una produccion menor en Andalucia Q¥%PROMAR, 2013)

La corvina es un pescado muy apreciado en aguelgsnes en las que se ha
venido consumiendo tradicionalmente, sin embargdadsu escasa pesca y su reciente
produccion mediante acuicultura, es poco conocidtaenayor parte de los mercados.
Los principales paises que pescan esta espec({érsora, Mauritania, Egipto y Francia.
En 2010 las capturas mundiales de esta especiedimmn a 5.676 tn, frente a 4.100
procedentes de acuicultura (41,9%). La capturaoder@a por parte de la flota de pesca

espafiola es practicamente inexistefAf€ ROMAR, 2012)

B Espafidll Italia O FranciaO Portugal

Portugal 70 tn

Francia 500 tn

Italia 320 tn

Espafia 2880 tn

Figura 2. Paises productores de corvinas en Europa, vadoq@esados en toneladas ((APROMAR,
2012)

1.2. GENERALIDADES DE LA CORVINA.
A. regius pertenece a la famili&ciaenidaegue comprenden un amplio grupo de

70 géneros y mas de 270 especies, distribuidagiones templadas y tropicales del
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mundo. Gran parte de estos géneros se encuentreh @aribe y el Indo-Pacifico,
mientras que en el Mediterraneo se han llegadaeaardinar 5 especi€diménezt al.,
2005).

Taxon6micamente la corvina se puede clasificandgguiente manera:

* Reino: Metazoa

* Subreino: Eumetazoa
 Rama: Bilateria

* Grado: Coelomata

» Serie: Deuterostomia

* Phylum: Chordata

* Subphylum: Gnathostomata
» Superclase: Peces

» Clase: Actinopterygii

* Subclase: Teleostei

» Superorden: Neognathi

* Orden: Perciformes

* Suborden: Percoidei

* FamiliaSciaenidae

» GéneroArgyrosomus

» EspecieArgyrosomusegius
* Nomenclatura: Meagre (inglés), Maigre commun (féecCorvina (espafiol)

Figura 3. Argyrosomus regiugvwz.ifremer.fr)

Entre las caracteristicas morfologicas se puedaachrsun cuerpo alargado casi
fusiforme y ligeramente comprimidé-igura 3), con el dorso de color gris verdoso o

azulado y el vientre blanquecino, por todo el coepmsee iridiscencias y brillos
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dorados y plateados. El interior de la boca esaler amarillo dorado, algo que es
particular de esta especie de escianidos y poealimuchas zonas, sobre todo en ltalia,
la llaman “boca de oro(Céardenas, 2010)

Otra caracteristica resaltante de esta especisuontolitos, los cuales, son de
gran tamafo, siendo a menudo utilizado como ampletdos pescadores del sur de la
Peninsula IbéricéCardenas, 2010)

A. regiusse distribuye en el Mar Negro, Mar Mediterranea 1o largo de las
costas del Atlantico, desde el norte y sur de Ngaug sur del CongoF{gura 4).
Presentando comportamientos gregarios, viviendageras costeras de la franja del
litoral hasta las profundas, con un rango de 1508 fhetros de profundidad,
encontrandose también en estuarios y lagunasras@®®li et al, 2003; Lagardére &
Mariani, 2006; El-Shelbet al, 2007; Gonzalez-Quirdst al, 2011) Se han establecido
tres principales zonas de puestas pareegius estas son el Delta del Nilo, la Bahia de
Lévrier (Noaudhibou, Mauritania) y el Estuarior@ide, siendo las areas 6ptimas para
este estadio biolégico las costas y estuarios.uanto a los periodos de puestas, estos
son estimados entre los meses de mayo a(jidigardére & Mariani, 2006; Gonzéalez-

Quiréset al, 2011; Duncaet al, 2012).

3 B, :
el 3 E

Figura 4. Distribuun geografica da. regius(www.fisht;se.com)
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La talla maxima registrada ha sido de 203 cm yK@3pero lo mas habitual es

capturar individuos entre 50 cm y 1 metro de lam)ftvww.fishbase.org)

1.3. ALIMENTACION.

La corvina es una especie muy voraz, que se alardmpoliquetos, crustaceos,
equinodermos y moluscos, ademas de otras especigscds mas pequefios (cupleidos
y mugilidos)(Jiménezet al., 2005) (Figura 5). Los juveniles de esta especie presentan
una baja diversidad de presas, esencialmenteraserdfin de misidaceos y quisquillas

(Crangon crangoh

Figura 5. Diseccion déA. regius En el estdmago se pljede apreci-ar la prn-a nz enter¢Fuente
propia)

Dicho tipo de alimentacion justifica la morfologtde su tracto digestivo
compuesto por un es6fago de amplio diametro y paresusculosas que acaba en un
estébmago musculoso presentado en forma de sacelygele tanto la porcidén esofagica
como la intestinal se insertan en una porcion tinesyo que se denomina “estdbmago

posterior”.
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Presenta un mayor grosor en su zona anterior, gig/ando su diametro hacia
una porcion media a partir de la cual vuelve ameisarse hacia la region arf@lliva et
al., 2005)

Desde mediados de junio a finales de julio dejanelstuarios y se dirigen a lo
largo de la costa para alimentarse. Durante ekinwi retornan a aguas profundas. Los
juveniles se alimentan de peces pequefios y crastacentras que los adultos de peces
pelagicos y cefaldépodos.

En este sentido, para la produccion de la corvinaezesario emplear piensos
con alto contenido proteico. Actualmente existeapodormacion en relacion a las
necesidades nutricionales de la corvina, siendesam para su produccion adaptar
piensos que han sido disefiados para otras espemmsrciales, como la lubina
(Dicentrarchus labraky la dorada$parus auratp(Citado en Chatzifotist al, 2012)

Los primeros trabajos de alimentacion de corvina peensos comerciales
fueron realizados pdCalderénet al. (1997) donde alimentaron a corvinas de 180 g de
peso medio inicial durante 30 meses alcanzandoeso final de 3.860 g. Para ello
emplearon un pienso comercial de dorada suminstiatha tasa de alimentacion diaria
del 2%.

De acuerdo a lo descrito en esta seccion, es fugmam optimizar la
alimentacion para la produccion 8eregius siendo necesario conocer de forma precisa
sus necesidades nutritivas y la calidad de lostigntes que deben componer su dieta

especifica.

1.4. NECESIDADES NUTRITIVAS.

El principal objetivo de la produccién piscicolast®ngorde de los peces en el

menor tiempo posible y en las condiciones econ@neatajosas. El alimento supone

10
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el mayor de los costes llegando al 40% en mucheescé&El abaratamiento de los
piensos o de los costes asociados a la alimentaddnclaves para rentabilizar la
produccion y ser competitivos en los mercados.

Los requerimientos minimos de proteina para laicanse sitian alrededor de
un 50% (Martinez-Llorenset al, 2011; Chatzifotiset al, 2012) y superior a los de
otros escianidogMcGoogan & Gatlin 1ll, 1999; Leet al.,2001; Turancet al.,2002;
Pirozziet al, 2010) mientras que el nivel lipidico de las dietasrdsrior al de otras
especies carnivoras (aproximadamente un 1{@hptzifotis et al, 2010; Martinez-
Llorens et al, 2011) posiblemente como consecuencia de su condiciopedeado

magro(Panagiotidowet al.,2007)

1.4.1. NECESIDADES DE ENERGIA.

La energia no es un nutriente, es el producto fiedla absorcion de nutrientes
qgue producen energia cuando son oxidados y metatdob(Cho & Bureau, 1998)L.os
peces necesitan energia para su actividad digpara la reposicion y crecimiento de
sus tejidos corporales y esta la obtienen a trdeésalimento mediante la oxidacion de
la fraccion organica, constituida por proteinassgs y carbohidrat@$anz, 2009)EI
valor bruto de energia del alimento depende deosuposicion quimica. Los valores
promedios de calor por combustién de carbohidrgiosteina y lipidos son de 17,2,
23,6 y 39,5 kJ/g, respectivameliRC, 1993)

La energia ingerida no es aprovechada en su tadalioues se pierde durante el
proceso de digestion y metabolismo, bien como tesecrganicos, heces y amoniaco,
o como calor, siendo el resto retenido en formatajielos corporalesHgura 6)

(Kaushik & Medale, 1994; Guillaunet al.,2004; Sanz, 2009)

11
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En laFigura 6, se observa como la energia bruta (EB) sufre g@&sdiurante los
procesos de digestion mediante las heces, resaltaf@nergia digestible” (ED). Para
determinar la energia digestible es necesario astian“digestibilidad” del alimento
mediante ensayos de digestibilidad, en los queusatifica la cantidad de energia
contenida en las heces (Eh). Para ello hay quermsadcalor de combustion o bien
determinar la digestibilidad de la proteina, ligidocarbohidratos y aplicarlas sobre los

coeficientes oxi-caloricos de la energia bruta.

[ Energia Bruta Ingerida ]

> Heces
v (20-30%)
Energia Digestible
> Orina
Excrenes Branquiales
A 4 (5-8%)
Energia Metabolizabje

Incremto calérico

v

10-25%
v ( 0)
Energia Neta
[
v v
Energia de Kamimiento Energia Retenida
(20%) (20-40%)
v A A A
Metabolismo Basgl Natacion Crecimiento Reproduccién

Figura 6. Distribucion de la energia ingerida en los pegaslaumeet al. (2004)

A su vez, una parte de la energia digestible notiézable, pues se pierde en
forma de los productos de excrecion nitrogenad, @waoniaco fundamentalmente y
también urea, tanto a través de las branquias awhdion, de forma que la energia
resultante es la “energia metabolizable” (EM). Riggerminar la energia excretada es
necesario analizar la concentracion de amonio » we el agua, lo que plantea

dificultades técnicaéSanz, 2009)asociadas al ambiente acuatico.

12
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Por otra parte, los procesos digestivos y metat®lasociados a la ingestion de
alimento suponen un gasto de energia, denominactadta dinamico especifica” o
“incremento calorico del alimento” (InCA), que ha&brque restar a la energia
metabolizable, para obtener la “energia neta”. fastores que contribuyen al
incremento calorico tienen tres origenes: los mosede digestion y absorcion, los
procesos de transformacion de los sustratos ytencién como tejidos, los procesos de
formacion y excrecién de los desechos metabdlibesellos, el mas importante es el
gasto asociado a la desaminacion de los aminoa@do$o que los alimentos ricos en
proteina originan unos mayores valores de Ii{E&nz, 2009)

La energia neta es la energia utilizable por logepeara:

* La “energia de mantenimiento” (Em) es la emplead&lemetabolismo basal,
que incluye los procesos de respiracion, circufgcidegulacion ibnica,
renovacion, etc.; en la actividad involuntaria réposo o tono muscular, que es
muy pequefia en el medio acudtico; y en la reguilacié la temperatura
corporal, nula en los poiquilotermos. Estos mengees$os, hacen que la energia
de mantenimiento en los peces resulte de 10 a @&ksweaenor que en animales
homeotermos.

* Incremento de tejidos o retencidén, muscular eda fle crecimiento, o gonadal
en la fase de reproduccion.

La energia retenida (ER) se obtendria al restaremérgia bruta del alimento todas las
pérdidas digestivas y metabdlicas, resultando lor d& entre 20 y 40%5anz, 2009)
ER = EB —[Eh + Ee + InCA + Em]
Las necesidades energéticas en acuicultura hariremeentemente confundidas

con el optimo contenido energético del alimentopregsado en megajulios por

13
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kilogramo de alimento (MJ/KQ), y en ocasiones canrdlacion P/E, expresada en
gramos de proteina por mega-julio de energia (g/MJ)

Las necesidades energéticas de los peces puedéefisetas como la cantidad
de energia que debe ingerir un pez para optimizarauccion (crecimiento, indice de
conversion, rentabilidad, etc.), y deberian seresqdas en kilojulios de energia por
kilogramo de pez y dia. Estas necesidades puedmnder del estado fisioldgico del
pez y de las condiciones ambientales, fundamentaémee la temperatura que
determina el nivel de actividad y el crecimie(ianz, 2009)

Las necesidades de energia para el mantenimienpoiesien definir como la
cantidad de energia necesaria para mantener laoifi@s basicas del organismo en
condiciones de crecimiento nulo, es decir sin gemani pérdida de peso. En una
primera aproximacion, las necesidades de mantemionge han estimado a partir de la
"tasa metabdlica basal" mediante el consumo decorigo de las pérdidas de energia
corporal, en periodos de ayuno. En cuanto a lassdades energéticas de crecimiento
de los peces es necesario considerar la energsithgfa en forma de crecimiento de
los tejidos corporales, es decir la energia retgenidsu eficiencia respecto a la energia
digestible ingerida, que se determina como la medide la recta en el tramo de
crecimiento(Sanz, 2009)

Las necesidades de energia para el mantenimientcegimiento han sido
determinadas en la dorad8p@rus auratp (Lupatschet al, 1998; 20033) lubina
(Dicentrarchus labrax (Lupatschet al, 2001; 2003b; Peres & Oliva-Teles, 2005)
Argyrosomus japonicufPirozzi et al., 2010) corvinon oceladoSciaenops ocellatiyis
(McGoogan & Gatlin I, 1998) mero blanco Epinephelus aeneuglLupatschet al,
2003b; Lupatsch & Kissil, 2005)la trucha arco iris @ncorhynchus mykiss

(Rodehutscord & Pfeffer, 1999; Glencresal, 2007; 2009)perca platead@{dyanus

14
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bidyanu$ (Booth & Allan, 2003) el bacalao del AtlanticadGadus morhup(Hatlen et
al., 2007) la perca giganteLates calcarifey (Glencrosset al, 2008)y el salmoén
atlantico Galmo salay (Helland et al., 2010) En laTabla 1 se pueden apreciar los
requerimientos de energia establecidos para laldgralgunos escianidos.

En A. regiusVelazcoet al. (2009) determinaron las necesidades de energia (no
digestible) en peces de 50Tgbla 1), empleando un pienso comercial (Dibag- Regius)
con 47% PB y 19% GB y 5 tasas de alimentacion (B8, 0,75, 3,25, 4,75%),
obteniendo que las necesidades de energia par@némmiento fueron de 0,06 kJ100

g pez* dia’ y para el maximo crecimiento 0,53 kJ100 gbe".

Tabla 1. Necesidades de energiafmregiusy especies de referencia.

ANEm BNEmax Autor
A.regius 0,06 kJ100 g pézdia® 0,53 kJ100 g pézdia™. Velazcoet al (2009)
S. aurata 55,8 kJ ED kg**pez' dia* 275 kJ ED kg§®* pez* dia’ Lupatschet al.(1998)

A. japonicus 44,21 kJ ED k§® pez* dia’ (20 °C) 120 kJ ED k& pez* dia’ (20 °C) Pirozziet al.(2010)
49,59 kJ ED k§® pez' dia® (26 °C) 150 kJ ED k&® pez* dia® (26 °C)

S. ocellatus 92 kJ ED kg pezdia* (3,4 g) 958 kJ ED kg péaia® (3,4 g) McGoogan & Gatlin
97 kJ ED kg pez dia® (5,5 g) 985 kJ ED kg péaia’ (5,5 g) 11 (1998)

ANEm: Necesidades de energia para el mantenimighfemax: Necesidades de energia para el maximo
crecimiento.

En la doradaLupatschet al (1998) con peces de 30 y 92 g, con tasas de
alimentacion de 0, 1, 2 y 3%, a temperaturas de423=. Mediante un método factorial,
obtuvieron que las necesidades de energia par&nmaignto eran de 55,8 kJ EDkg
083 nez! dialy las necesidades para el maximo crecimiento dek27D kg pez*
dia™.

En Argyrosomus japonicuBirozziet al. (2010) trabajaron con peces de 40 y
129 g, con dos temperaturas 20 y 26 °C, para taeatacion utilizaron una dieta
comercial con un 45,5% PB y 18,7 % GB, con tasaslideentacion del 1 al 4%. Los

resultados de este trabajo establecen que las idedes de energia para el

mantenimiento aumenta de acuerdo a la temperatoteniendo valores de 44,21 kJ ED
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kg *®pez! dia® con 20 °C y 49,59 kJ ED k§®pez* dia* con 26 °C, igualmente las
necesidades para el maximo crecimiento fueron 8ekdZED kg®®pez* dia’ con 20
°C y 150 kJ ED kd®pez* dia® para 26 °C.

En corvindn oceladoSciaenops ocellatysMcGoogan & Gatlin 111 (1998),
estudiaron las necesidades de energia para esaieespn dos grupos de peces, un
primer grupo de 3,4 g, en los que probaron tasadimentacion de 0,5, 1, 2, 4, 6 y 8%.
Un segundo grupo de 5,5 g de peso inicial, corstdsaalimentacion de 0,75, 1,5, 3, 5,
5,5, 6, 6,5y 7%. Se obtuvo que las necesidademneryia para el mantenimiento en
alevines de esta especie fueron las més altag: 892 kJ ED kg pezdial) y 5,5 g (97
kJ ED kg peZ dial). E igualmente las necesidades de energia paramimax el
crecimiento resultaron muy altas si se comparadmwada yA. japonicus obteniendo

958 kJ ED kg pezdia* en peces de 3,4 g y 985 kJ ED kg bd" en peces de 5,5 g.

1.4.2. NECESIDADES PROTEICAS

Una ingesta proteica inadecuada conlleva una ramtuoccese del crecimiento y
por lo tanto, una pérdida de peso a consecuendm wtdizacion de proteina de tejidos
menos vitales para el mantenimiento de aquellos vitdkes (Wilson, 2002) En caso
contrario, un aporte excesivo de proteinas o llsnan de proteinas inadecuadas en el
pienso implica el que solo una parte de la misnta@eer utilizada en la generacion de
nuevas proteinas y el resto catabolizada paraudar la carbohidratos o grasas, para
producir energigTibbettset al., 2000; Saet al., 2008; Zhanget al., 2010) De esta
forma cualquier desequilibrio, tanto cuantitativono cualitativo, sobre las necesidades
proteicas especificas supone un gasto energética eecesario para el metabolismo

del mismo. El exceso de proteina ingerida puedalsecenado en los tejidos en forma
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de acidos grasos o glucdégeno, dependiendo dehdeststructura de la protei(danz,
2009)

El nivel 6ptimo de proteina en los piensos paraepessta influenciado por
diferentes factores: la especie, calidad de laeprat (digestibilidad, perfil de
aminoacidos, procesado), relacion P/E, estadoldgmn del pez (tamafio, edad,
reproduccién), parametros ambientales (temperadetaagua, época del afo, etc.),
diferencias genéticas y nivel de ingesta de alimé@ho et al, 1985; NRC, 1993)
Mediante el ajuste de la dieta a todos estos fetee puede optimizar el uso de este
macro-nutriente que afecta mayoritariamente a dm@uia de la produccigidaet al.,
2008; Kimet al.,2010; Zhanget al.,2010) Una disminucién en la tasa de alimentacion
incrementa el contenido 6ptimo de proteina endéadbara una maxima retencion de la
misma. Asi mismo la intensificacion de los sistenpasductivos tiende a influir
negativamente en la utilizacion proteica, no sao las pérdidas de alimento, sino
también por una peor utilizacion del mismo; la digelidad de la proteina bruta
disminuye un 3% cuando aumenta un 1% la racionader la trucha arco iriNRC,
1993)

La energia de la dieta es también un factor detemmbé de los requerimientos
de proteina de los peces, siendo importante pto gmcontrar la relacion de P/E que
maximice el crecimiento para cada especie y comuis especificas de produccién
(McGoogan & Gatlin 11, 1999; 2000)

En relacién al tamafio de los animales, es comUranacéptado que peces
pequefios precisan un mayor aporte proteico parmaKimo crecimiento que peces
mayores (Cho et al, 1985; NRC, 1993)y los requerimientos de proteina como
proporcion de la dieta disminuyen segun el pezallagsu maduracion sexusdRC

(1993) Este fendmeno esté asociado con una disminuni@meesis proteica corporal a
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medida que el pez se desarrolla, con una tasaedentento menor en los peces adultos
(Sanz, 2009)

Martinez-Llorenset al. (2011) trabajaron con juveniles de 94 g Aeregius
alimentados con cuatro piensos comerciales conopcimmes distintas de proteina y
lipidos (44/25, 43/21, 46/20 y 47/20%), durantepaniodo de 173 dias, llegaron a la
conclusion de gque el mejor crecimiento y eficiemuiitiva correspondia al pienso con
un 47% de proteina bruta (PB) y un 20% de grasa l¢@&B). Este pienso obtuvo como
resultado una tasa de crecimiento instantaneo @€I),2% did, tasa de alimentacion
(TAD) igual a 0,8% did y un indice de conversién del alimento (ICA) d2. También
en A. regius Chatzifotis et al. (2012) durante tres meses experimentales a una
temperatura de 19 °C, en peces de 23 g empleaemsqgs con cuatro niveles de
proteinas (40, 45, 50 y 54% de PB), todos con wsmminivel de lipidos (17% GB);
obtuvieron que el nivel optimo para juveniles Aleregiusfue del 50% de PB, los
resultados indicaron que para este nivel de pratieis peces alcanzaron un peso final
de 66 g, con un TCl de 1,1% dig 1 de ICA. Mientras que en corvinén ocelado, el
nivel 0ptimo de proteina se sitla entre un 48%rrancet al, 1992)y un 44%(Thoman
et al, 1999; Turanet al, 2002)

La comprension de como los nutrientes se utilizanre paso esencial hacia el
desarrollo de modelos bioenergéticos que prediesnréspuestas de crecimiento,
requerimientos de alimentacion y las pérdidas deiemies en el medio ambiente
(Pirozziet al, 2010).El concepto de necesidades para el mantenimiendemastrado
ser til para la nutricion animal ya que permite aldecuaciéon de los costes de
produccion y de mantenimiento basado en la sugwsag que los dos son afiadidos.

Las necesidades de proteina se han determinadm dorddaLupatschet al.,

1998) lubina(Peres & Oliva-Teles, 2005A). japonicugPirozziet al.,2010) corvinon
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ocelado(McGoogan & Gatlin Ill, 1998) trucha arco iri$Glencrosset al.,2007; 2009)
perca plateadéBooth & Allan, 2003) el mero blancqlLupatsch & Kissil, 2005)el
bacalao del AtlanticHatlenet al.,2007) la perca gigantéGlencrosst al.,2008)y el
salmon atlanticgHellandet al.,2010) En laTabla 2 se puede apreciar las necesidades
de proteina establecidas para la dorada y algisoisnedos.

EnA. regiusVelazcoet al (2009) determinaron las necesidades de proteina (no
digestible) en peces de 50Tgbla 2), empleando un pienso comercial (Dibag- Regius)
con 47% PB y 19% GB y 5 tasas de alimentacion (B, 0,75, 3,25, 4,75%),
obteniendo que las necesidades de proteina panargenimiento fueron de 0,48 g P
100 g peZ dia* y para el maximo crecimiento 1,07 g P 100 g'paiz".

Tabla 2. Necesidades de proteinasAerregiusy especies de referencias.
ANPm BNPmax Autor
A.regius 0,48 g P 100 g pézdia’ 1,07 g P 100 g p&aia® Velazcoet al (2009)
S.aurata 0,86 g PD kg °pez'dia’ 5,59 PD kg’ pez* dia® Lupatschet al (1998)
S.aurata 0,77 g PD kg pezdia® 3,37 g PD kg pezdia® Jauraldeet al (2013)
A. japonicus 0,47 g PD k§ °pez' dia® 2,6 g PD kg "°pez* dia® Pirozziet al. (2010)

S. ocellatus 0,5a 2,2 g PD kg péalia® 20 a 25 g PD kg péadia’  McGoogan & Gatlin 111 (1998)

ANPm: Necesidades de proteinas para el MantenimiBNPmax: Necesidades de proteinas para el
maximo crecimiento.

En la doradd_upatschet al. (1998) obtuvieron que las necesidades de proteina
para el mantenimiento fueron de 0,86 g PO ¥pez* dia’y las necesidades para el
maximo crecimiento fueron de 5,5 g PD%{ pez* dia®. También en doradasuralde
et al. (2013) establecen un modelo de crecimiento en funcidonlade tasas de
alimentacion, obteniendo que las necesidades panargenimiento son de 0,77 g PD
kg pez' dia’ y las necesidades para el maximo crecimiento 3 @PD kg pez dia’,
de acuerdo a un modelo de crecimiento asintotico.

En A. japonicus Pirozzi et al. (2010) obtuvieron que las necesidades de
proteina no fueron afectadas por la temperatunaeypgqra el mantenimiento fueron de

0,47 g PD k@'’ dia', y para el méaximo crecimiento fueron de 2,6 g R kdia.
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McGoogan & Gatlin 111 (1998¢n el corvinon ocelado determinaron las necesiddees
proteina para el mantenimiento en 0,5 a 2,5 g §bpez did, y las necesidades de
proteinas para maximizar el crecimiento fueron@e 25 PD kg pez did.

La mayor parte de los desechos en acuicultura smgenados y provienen de
la alimentacion, pues la proteina que no es udiizpara crecimiento muscular es
empleada para obtener energia, y el exceso esvextido también en lipidos
corporales, para lo cual los aminoacidos debendssaminados, y el amoniaco
excretado, ya que su acumulacion en el organisswdtaetoxica(Tibbettset al., 2000;
Sanz, 2009; Zhangt al., 2010) Las tasas de excrecion de amonio, mantienen una
dependencia lineal respecto el aumento de proteinda dieta. En la dorada la
excrecién de amonio fue determinada entre 300,306y23 mg N-NH' kg pez* dia®
para peces de 13 g y entre 296,07 y 708,99 mg W-kjpez' dia® para peces de 29 g.
Respecto a la excrecién méaxima por periodo se atuvvalores de 28,54 mg N-lyH
kg pez* h! para doradas de 13 g y 37,52 mg NaNkty pez* h* para doradas de 29 g

con la dieta 60/9,1 de 15:30 a 20:0Martinez, 2002)

1.5. HARINA DE PESCADO Y FUENTES PROTEICAS ALTERNAT IVAS.

La harina de pescado es una excelente fuente tieirqoara la formulacion de
piensos para peces, y actualmente es incorporada 25% en los piensos comerciales
para las especies de peces carnivdPossenta un alto contenido en proteina, 65-75%
PB, y su perfil de aminoacidos esenciales (AAE) eksmas adecuado para la
alimentacion de los peces, presentando niveles didisina y metioningZaldivar et
al., 2002)ademas de treonina y triptéfano. Existen vaiijpastde harinas de pescado,
procedentes de pescado blanco, azul (cupleidosybpreductos de la industria

conservera. Estos productos se obtienen a parta gesca industrial, que se dedica a
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capturar especies pelagicas pequefas, especialgpliieidos (sardinas, arenques),

lanzones (génerdmmodytesy capelin Mallotus villosu$, de bajo valor comercial.

En los ultimos afios la acuicultura a nivel mundiahe experimentando grandes

crecimientos, trayendo como consecuencia increraetola demanda de harina de

pescado(Murray et al., 2010) Esta materia prima también es empleada en otras

actividades ganaderg&ranciset al., 2001; Tacon & Metian, 2008)por lo que las

consecuencias han sido:

Incrementos del precio de harina de pescado.

Disminucion de las poblaciones de peces de foraaimento de sus precios
en los mercados y menor accesibilidad de estasiesppara el consumo
humano.

Disminucion de la disposicion de harinas y aceéi@elscado y derivados.
Aumento mundial de la energia de procesamienttogae transporte.
Presion sobre los fabricantes de alimentos pamusétucion de materias
primas, con el fin de hacerlas rentables.

Presion de la sociedad civil y los minoristas paejorar la sostenibilidad
global de uso de los recursos pesqueros dentsedtdr de la acuicultura.
Reduccion de la inclusién de la harina y aceitgpeecado en los piensos
para la acuicultura y engorde de otros animales.

Mayor tendencia a producir especies marinas detdsabierbivoros y

omnivoros.

Por lo antes expuesto, es necesario disefiar piecsosfuentes proteicas

alternativas a las harinas de pescado, que permmiiggar dichos impactos, como las

harinas de origen animal, tales como harina deecatmueso, harina de aves, harina de

sangre y hemoglobina, harina de krill en espe@esicoras. También se han empleado
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harinas de organismos unicelulares tales como leaad algas, bacterias y hongos
(Oliva—Teles & Gongalves, 2001; Aasal, 2006)

Las fuentes proteicas de origen vegetal son muyenosas y mas econémicas, por
lo tanto, los fabricantes tratan de incluirlas es piensos para la acuicultura, y que
ademas de un cierto poder aglutinante, asociado @ ta presencia de sustancias
digestibles. Los turtdés son co-productos de laaekion de las grasas, con niveles de
proteina que suelen oscilar entre un 30-50% dé@RBlaumeet al.,2004) El turtd de
soja es una de las fuentes proteicas mas utibzaxlgiensos para peces, debido a que
posee un buen nivel de proteinas (40-50% CP)dafzonibilidad en el mercado, por
ser un recurso econdmico con proteinas y energimeahte digestible y un buen perfil
de contenido de aminoacid@&/anget al.,2006)

También el turtd de soja se ha experimentado eeceEsgpcomerciales tales como
la cobia Rachycentron canadymen juveniles de esta especie se obtuvo un nivel
optimo de inclusion del turté de soja de 16,@kouet al, 2004) en la seriolaeriola
dumerili), Tomaset al. (2005) recomiendan para el maximo crecimiento una inaus
de un 20 a 30%, similares resultados fueron detewois para la dorada con un 20,5%
(Martinez-Llorens et al, 2009) y 30,5% cuando la dieta era enriquecida con
aminoacidos sintéticos(Martinez-Llorens et al, 2007) No hay referencias
bibliograficas de experimentos de inclusion det&ule soja en corvinas, pero esta
fuente proteica, ya ha sido probada en otras expéei la familia Scianidae como es el
caso deNibea miichthioidesen la que se recomienda un nivel maximo del J@%sto
que a mayor inclusion disminuye el crecimiento @ pecegWanget al, 2006)y el
corvindn ocelado Sciaenops ocellatyisen los estudios realizados pdicGoogan &

Gatlin (1997)obtienen buenos resultados con una inclusién dé tie soja del 66%,
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mientras que en esta misma espeRmgh & Ellis (1992)obtienen que al incluir turtd
de soja hasta un 70%, los crecimiento no se viafertado negativamente.

Cuando la sustitucion de harina de pescado seagatir una mezcla de fuentes
proteicas los niveles de sustitucion alcanzadosdgrueser mejores, ya que las
deficiencias aminoacidicas de una fuente proteigeden completarse con otras que
forme parte de la mezcla. En este sentitkiévezet al. (2010), en A. regius
experimentaron con una mezcla de proteinas vegefialdd de soja, gluten de maiz,
turtd de girasol y concentrado de proteina de stga)peces fueron alimentados con
cuatro dietas experimentales con dos niveles desidn (42 y 52%, que representaban
el 31,5y el 38% de la proteina total de las djedada mezcla de proteina vegetal con o
sin proteinas hidrolizadas, observaron que el mieato de los peces se redujo
significativamente por la inclusion de la protelgetal, aunque el crecimiento de los
peces alimentados con dietas con un 42% de inalu@dproteina vegetal en la dieta,

obtuvo un crecimiento similar para los peces alim@os con dieta control.

1.6. LIPIDOS.

El aporte de lipidos en la alimentaciéon de los pe@d igual que en los
mamiferos, es fundamental para satisfacer los regeatos de acidos grasos
esenciales (AGE), no sintetizables por el organignmecesarios para el metabolismo
celular (sintesis de prostaglandinas y compuestoslases), asi como para el
mantenimiento de la integridad de las estructueasiémbrana. Ademas los lipidos son
vectores de vitaminas liposolubles y pigmentos teamdes en el momento de la
absorcion intestinal y son fundamentales en el sisind de energigGuillaumeet al.,

2004)
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El aumento de la proporcién de lipidos reduce etlnile proteina en la dieta,
incrementando la energia metabolizable, reteniefidazmente la energia y mejorando
la conversion de la proteina.

Hay algunos trabajos en el que se ha estudiaddlleemncia del nivel de lipidos
en el crecimiento de la corvina, como el@eatzifotiset al (2010) donde probaron en
juveniles deA. regiusde 230 g de peso inicial, durante un periodo de dia8, tres
piensos experimentales con un 43% de proteinasyptrecentajes diferentes de lipidos
13, 17 y 21%. Determinaron que el pienso con un d&%pidos (TCI 0,46% dig ICA
1,38) el crecimiento fue superioMartinez-Llorenset al. (2011) con piensos
comerciales, obtuvieron que el mejor crecimientoespondia al pienso con un 47% de
proteina bruta y un 20% de grasa bruta, en eatsjtr para la dieta en cuestion el TCI
(1,2% did) y el ICA (1,2) son mejores que los presentadoOpatzifotiset al (2010)
TambiénChatzifotiset al (2012) enA. regiusde 22 g alimentados con cuatro piensos
isoproteicos (50% PB) y niveles de 12, 14, 17 y 2945B, no obtuvieron diferencias
significativas en cuanto al peso final y tasa dioniento, pero los peces alimentados
con el 17 y 20% de lipidos presentaron un indiceaswersion significativamente mas
bajo y un mayor contenidos de lipidos corporalesie¥este modo, concluyeron que en

la corvina, el contenido 6ptimo de lipidos en eingio esta entre el 17 y 20%.

1.7. DIGESTIBILIDAD.

La digestibilidad es el porcentaje de alimento diido en el tracto digestivo y
depende de la especie, el nivel energético delealio) la composicion nutritiva del
pienso, las materias primas del pienso, adminisinaclel alimento y factores

ambientalegAlvarez-Gonzaleet al.,2001; Zhanget al.,2010)
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La digestibilidad constituye una excelente medidacdlidad para cuantificar el
valor nutricional de las materias primas utilizadada alimentacion acuicola, ya que no
basta que los elementos nutricionales se encuemreraltos porcentajes en los
alimentos, sino que deben ser digeribles para gedan ser asimilados por los peces
(Cho, 1987) La digestibilidad tiene una influencia directabie el impacto en el medio
ambiente y en el costo de las diefdwin & Tabrett, 2005; Luoet al., 2008;
Masagoundeet al.,2009)

La eficiencia de la digestibilidad puede ser ewdduanidiendo bien sea la
biodisponibilidad (la fraccion del nutriente inghyi que estad disponible para su
utilizaciéon en las funciones fisiolégicas normaleseservas) o bioaccesibilidad (la
fraccion que se libera de la matriz del alimentesga disponible para absorcion
intestinal). Los métodom vivo proporcionan datos directos de biodisponibilidasey
han utilizado para una gran variedad de nutriemtgsntras que los métodas vitro
simulan la digestion y los procesos absorcion (podisponibilidad) o solo el proceso
de digestion (por bioaccesibilidad) y la respuestdida es la concentracion de un
nutriente de algun tipo de extracto fif@hrada & Aguilera, 2007; Hamdanal.,2009;
Morales & Moyano, 2010)

Para determinar la digestibilidad vivo, pueden aplicarse métodos de forma
directa o indirecta. El método directo requiere@hocer todo el alimento ingerido y
todas las heces producidas durante una o mas cantitlanétodo indirecto aplica un
marcador, generalmente el indicador utilizado ddaxle cromico (GO3) (Austreng
1978; Liet al.,2004; Masagoundest al.,2009)u 6xido de itrio (%O3) (Gaylordet al.,
2009) 6 el método de las cenizas insolubles en acide] eual no se emplea marcador

externo(Atkinsonet al.,1984)
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Los peces, en general digieren las proteinas cos GIDA gque sobrepasan el
90% vy la digestibilidad de la proteina de una feeddda varia poco de una especie de
pez a otra. Mientras que en los lipidos el CDA esyon de un 95%,
independientemente de su origen, animal o vegetal.

Recientementé&eij et al. (2012) han realizado un trabajo en el que determinan
la digestibilidad deA. regius con dietas con diferentes fuentes proteicas akxget
obteniendo que la digestibilidad de la proteindodeingredientes experimentales fue
alta (> 91%) para el de gluten de maiz, concentadteico de soja, concentrado
proteico de guisante, gluten de trigo y moderada @3%) para el turtd de soja, harina
de colza y harina de girasol. La digestibilidadetergia para turtd de soja, gluten de
maiz, concentrado proteico de soja, concentradteipoode guisante, gluten de trigo
oscilo entre el 83 y el 87%, mientras que las dénhade colza y harina de girasol

fueron relativamente menores, de 59 y 46%, resfeungnte.

Los métodosin vitro se han utilizado para determinar la digestibilicel
diferentes proteinas en las dietBassompierret al, 1997; Rungruangsak-Torrissen
al.,, 2002) Una vez que se demuestra su correlacion con ébsdoin vivo, los ensayo
in vitro adquieren muchas ventajas, ya que son rapidosirasegy no tienen las
restricciones éticas que afectan a los ensayogadat con animales vivos. En este
sentido, los ensayom vitro son ampliamente utilizados en la evaluacion de los
alimentos para humanos y piensos para los aninatestregBoissen & Eggum 1991;
Hamdaret al.,2009; Morales & Moyano, 2010)

Los métodos que permiten simular el proceso digkestion gastrointestinal en
condiciones de laboratorio se conocen como modgstrointestinales (MGI), los
cuales, tratan de reproducir las condiciones fbigichs en la boca, estomago, y el

intestino durante la masticacion, la digestion, yeaes la absorcién. En general, los
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MGI se dividen en dos grandes categorias: los medsdtaticos, donde el productos de
la digestion permanecen en gran parte inmovil ymmitar procesos fisicos tales como
cortes, mezclas, hidratacion y asi sucesivamentmtras que los modelos dinamicos
incluyen procesos fisico, mecanicos y cambios teal@® en las condiciones luminales
para imitar condiciones vivo (Hamdanet al., 2009) Los MGI también resultan de
gran interés porque pueden predecir las excrecidee®N y P a los sistemas de
produccion en excreciones solubles, desechos fegadeenso no consumido, por lo que
puede considerarse para los efectos de impactogemtalles dentro de la acuicultura
(Talbot & Hole, 1994; Morales & Moyano, 2010)

En A. regiusHamdanet al. (2009) optimizaron un modelo gastrointestinal
aplicable a la evaluacién de bioaccesibilidad ded®nsos, en este se desarrolla una
hidrolisis en dos pasos, usando secuencialmenteastor cerrado para la digestion
acida y otro reactor con una membrana semi-permqabi la digestion alcalina. En
este sistema, la eliminacion continua de produdofa digestion durante la hidrélisis
de sustratos representa un modelo mas practicaligtee en donde las membranas del
borde del epitelio eliminan los productos de laedign, imitando asi las condiciorias
vivo. Otros estudios han evaluado diferentes pruabasitro para determinar la
digestibilidad de la proteina o la calidad nutna@b de los ingredientes de piensos
acuicola (Bassompierreet al, 1997; Tonheimet al, 2007) pero pocos han
correlacionado sus resultados con los obtenidasvo. Rungruangsak-Torrissest al.
(2002) con tres especies, la trucha arco ir®ndorhynchus mykigs lubina
(Dicentrarchus labraxy el salmon atlanticaSalmo salay, han encontraron una buena
correlacion entre los datos de la hidrélisis de desteinas de los diferentes piensos
utilizados con los resultados obtenidos en losyerssde digestibilidach vivo. También

Tibbetset al. (2011) el bacalao del Atlanticdqadus morhup sugieren que existe una
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buena correlacion entre los valores de la hidlilg las proteinas medido con el pH-

staten diferentes fuentes de proteinas y sus CR\deerminados valores de proteina.
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Capitulo 2 Justificacion y Objetivos

La produccion acuicola mediterranea de especies tauorada y la lubina esta
totalmente consolidada, y dado que en los ultimdgs aha tendido a saturar los
mercados, su precio ha bajado considerablemerganga en la dorada de precios en
1999 de 7 euros g a 5 euros’ken 2011, con lo cual los beneficios obtenidos cada
son mas pequenos.

Como alternativa surge la diversificacion de esgmaen dos vertientes, una en
la que se ofrecen nuevas presentaciones del peszado filetes, platos precocinados,
conservas, y una segunda vertiente en las quessa kariar las especies producidas en
acuicultura, y por tanto, la oferta al consumidor.

Dentro de la busqueda de nuevas especies se tsigad® la seriolaSeriola
dumerili), el mero Epinephelus gp la anguila Anguilla anguillg, el atin rojo Thumus
thynnug, pero en ellas se han encontrando bloqueos d@m ghgnto de su ciclo
productivo. También se ha investigado el dentbenf{ex dentex el sargo picudo
(Diplodus puntaz2oy el pargo Pagrus pagrus entre otros, pero en este caso el
problema es que son esparidos, que compiten dimeata con la dorada.

La corvina, sin embargo, es una especie de eldeamgadidad y ampliamente
distribuida, con precios de mercado medios (12skg3), con buena aceptacién por
parte de los consumidores en determinadas zonaBsgdafia, que ademas, tolera
perfectamente la cautividad, como demuestra siepces en grandes acuarios, donde
alcanza elevadas tasas de crecimiento en engorogeryos indices de conversion
(Calderéret al, 1997; Pastoet al, 2002)

A la corvina se le confiere la categoria de proold alta calidad, debido a sus
caracteristicas organolépticas, es muy baja eragrasentérica y muscular, admite

largos periodos de conservacion en condicionefligeracion(Poli et al, 2003) La
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calidad de la carne es excelente y apreciada eroleas costeras del Mediterraneo, y
muy utilizada dentro de la alta cocina.

Por otro lado, el interés en la cria de la corviwasolo reside en el ambito
comercial, pues también comprende el de la consiérvale los recursos naturales. Las
poblaciones mediterraneas de esta especie hadcsuini alarmante retroce¢Quero,
1989) pudiéndose considerar extinguida en algunas é&aase las islas Baleares (este
de Espafia), donde antafio era una captura relativanieecuente y un producto
habitual en los mercad@slayol et al.,2000)

La produccion de la corvina ha ido aumentando kargo de los ultimos afios
mostrando una produccion significativa en 2006nadiendo con el establecimiento de
la produccion de alevines en el 2005. Se§ifROMAR (2012) la produccion de la
corvina en 2011 fue de 2.880 tn y se ha situada &dmunidad Valenciana como
maxima productora de Espafia con 1.510 tn, seguiddprcia con 1.300 tn. Espafia
se mantiene como el maximo productor de corvina.

A pesar del incremento en la produccion a escateocal de esta especie,
previo al desarrollo experimental de la presesgestdoctoral existian poca informacion
sobre su crecimiento y piensos especificos paramigeir el crecimiento y el
aprovechamiento nutritivo, destacando solo losajab de Calderonet al. (1997)
Pastoret al. (2002) Pastoret al. (2007) y EI-Sheblyet al. (2007). Las necesidades
nutritivas no estan establecidas, y el disefio @agoi para corvina se realizaba en
funcién de las necesidades de otras especies amordda y la lubina. Por ello los
objetivos planteados en esta tesis doctoral son:

v' Determinar las necesidades de proteina y energila cbrvina, como un aporte
al conocimiento de la alimentacion de esta espeaisubjuveniles y juveniles,

para optimizar el crecimiento y aprovechamientaitivb.
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v' Estudiar el nivel éptimo de proteina, para el enéento en subjuveniles y

juveniles de la corvina, producida en tanques Yy jamas con piensos

extrusinados.

v' Estudiar la posibilidad de sustitucién de la hard@ pescado por fuentes
proteicas vegetales alternativas, concretameriteclasion del turté de soja en

piensos para juveniles de corvinas.

v Disefiar un pienso para su produccion a escala caher

a7
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Dada la importancia de desarrollar estudios deirarentos y nutricion erA.
regius en la presente tesis se disefiaron diferentesrimgreos con corvinas de
diferentes tamafos, con el fin de conocer con mésigion diferentes aspectos de
alimentacion de esta especie, como determinardessidades de energia y proteina, el
nivel optimo de proteina en el pienso y por ultigogdado la importancia actual de
sustituir la harina de pescado por fuentes pratevemetales, determinar el nivel de
inclusion de turté de soja en piensos para corvinas

Para una mejor comprension de estos ensayos Eigusa 7, se muestra un
resumen de los experimentos, asi como tambiépa@snetros evaluados en cada una
de las pruebas.

Estos experimentos se dividen en tres grandes ésoqu

1. Estimacion de las necesidades de proteina y engagéacorvina; las cuales se
desarrolla en eCapitulo 4, siguiendo un disefio factorial con la metodologia
descrita enLupatschet al (1998) Las pruebas se desarrollaron en jaulas
flotantes dentro de tanques de 4000 litros, ermaig$ de recirculacion.

2. Determinacion de los niveles de proteina digestiglela relacion de
Proteina/Energia de los piensd3apitulo 5). Estos experimentos fueron de
dosis-respuesta, se realizaron en tanques de 1@ y en jaulas marinas,
respectivamente.

3. La inclusién del turté de soja en los piensos drpamtales para la corvina
(Capitulo 6), como una fuente proteica vegetal alternativaa ahdrina de
pescado. Estas pruebas se desarrollaron en tadgui300 litros, evaluando la

eficiencia nutritiva de esta materia prima.
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OPTIMO DE PROTEINA J

CAPITULO 4
NECESIDADES DE ENERGIA
Y PROTEINA J
I
A 4 A 4
Prueba A Prueba B Experimento 1
53 Dias 53 Dias 62 Dias

253 Peces (52 g)
Nivel de proteina (%
40, 45,50y 55%
Tanques de 1700 litros

Pienso Skretting Pienso Skretting
169 Peces (53 g) en jaulas de 77 Peces (188 g) en jaulas de
1000 litros 1500 litros
Tasa de Alimentacion (%): Tasa de Alimentacion (%):
0, 0,75, 1,5, 2,5, 35y4,! 0, 05 15y25

A 4 A 4 A 4
Crecimiento Crecimiento Crecimiento y
Retencion de energia y proteina digestible] | Retencion de energia y proteina digestible| Eficiencia nutritiva
Necesidades de energia y proteina par Necesidades de energia y proteina par Produccién de Amonio
Mantenimiento, Crecimiento Optimo y Mantenimiento, Crecimiento Optimo y Digestibilidadin vivo

Digestibilidadin vitro
Analisis econémic

Maximo crecimiento
Eficiencia de la energia y de la prot¢

Maximo crecimiento
Eficiercia de la energia y de la prote

\ 4

Experimento 2

45 Dias

3000 Peces (147 g)
Niveles PB/GB (%)
47/20, 51/18, 55/17.
Jaulas Marinas

Crecimiento

Eficiencia nutritiva

Figura 7. Resumen de los experimentos de crecimiento yandrirenArgyrosomus regius

CAPITULO 6
INCLUSION DEL TURTO DE

Fase |

107 Dias

800 Peces (165 g)
Turto de soja (%):

0, 15, 30 y 45%
Tanques de 4000 litros

Crecimiento
Eficiencia proteica y
aminoacidica
Andlisis econémico

Fase Il
26 Dias
320 Peces (346 g)

Turto de soja (%):
0, 15, 30 y 45%
Tanques de 4000 litros

Crecimiento
Eficiencia nutritiva
Andlisis econémico

e§ge 1700 litr
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Capitulo 4 Protein and Energy Requirements

INTRODUCTION

Currently, new species are being introduced intaaaqlture production
necessitating a new approach to energy and praoguirements to reach their
maximum growth potential. The meagrargyrosomus regiyscould be a suitable
candidate species for the diversification of aqltacel in the Mediterranean regidgl-
Sheblyet al, 2007; Estéveet al, 2010; Chatzifotiet al, 2010; Duncaret al, 2012;
Velazco-Varga®t al, 2013)given its high growth rate and appreciated flegality. As
body and fillet traits of meagre have shown a vergh dressing content with a
negligible amount of mesenteric and muscular fatcamparison with other cultured
fish, this species becomes even more interestingnttustrial processing and human
consumptior(Poli et al,, 2003)

Ongrowing techniques were based on the rearingdltbiegd sea breanSparus
auratad) and European sea bag&identrarchus labray but the huge growth rate of the
meagre enables them to reach 1 kg in ten montheetAsr, usual commercial weight
ranges from 1.5 to 3 k@iménezet al, 2005; Rocet al, 2010; Martinez-Llorenst al.,
2011) althoughChatzifotiset al (2012)obtained a specific growth rate (SGR) ranging
from 0.7 to 1.3% da}. Yet, if these data are referred tteermal growth coefficient
(TGC), these values would be ranging from 1.3 Xtb01.98 x 1C, thus giving the best
results with the highest dietary protein level (5GR). Nevertheless, information on its
growth rates and nutrient requirements is scarce.

The meagre is a carnivorous species, and in itgaagnvironment it feeds on
Mysidacea, Decapoda and Teleog@hnatzifotiset al, 2012) The dietary protein level
needed for maximum growth of carnivorous speciedeurmculture conditions has been
reported to vary from 40% to 55¢8lvarezet al, 2001) Protein is the most expensive

component in balanced fish feeds and also the mnggortant factor affecting the
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growth performance of cultured speciése et al, 2000; Sét al, 2008; Zhanget al.,
2010) Generally, the increase of dietary protein cadleo improved fish production
and broodstock, especially for carnivorous fisbeet al, 2002; Chongpt al, 2004; EI-
Sayed & Kawanna, 2008; Zhargj al, 2010) However, excess protein supplied in
feeds will be metabolised as an energy source aitidinerease production of
nitrogenous waste material that is excreted in wvatbich may be detrimental to fish
growth and culture environmelTibbettset al, 2000; Séet al, 2008; Zhanget al,
2010) Dietary lipid, as a non-protein energy sourceyrabo influence growth and
protein utilisation of fish. Increasing the dietaegergy level has been suggested as a
strategy to save protein and limit ammonia produrcfor several fish specidkee et
al., 2002)

Dietary nutrient requirements in fish are estimagatpirically by feeding graded
levels of a specific nutrient (dose), in a basaf @iontaining a deficient level of this
nutrient, and then growth, feed intake, body natristores or other variables are
measured (respons€hearer, 2000)The dose-response relationship is then examined
using one or more methods, and the nutrient respaing is estimated from the level that
produces the maximum resporiSéearer, 2000)

Factorial models have been used to estimate ersrgyprotein requirements in
growing fish which can be quantified by adding #m@ounts of energy and protein
retained as growth plus the amount of the sameemtsr simultaneously lost from the
body. The actual requirement for dietary gross gynand protein has to take the partial
efficiency of utilisation of these nutrients for mi&@nance and growth into account. The
importance of the factorial approach is that protend energy requirements are not
expressed as a percentage of the diet but in tefraBsolute daily feed intake per unit

of weight and weight gaifLupatschet al, 1998) Factorial models also allow using
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commercial feed in experiments and a lower numibegxperimental units than with
dose-response trials. Usually, both the digestiis@ein (DP) intake and digestible
energy (DE) intake are used to estimate maintengetpgrements and the efficiency of
DP and DE retention. Trials of this kind have bearried out inS. aurata(Lupatschet
al., 1998; Lupatsclet al, 2003) D. labrax (Lupatschet al, 2001; Lupatschet al, 2003;
Peres & Oliva-Teles, 2005Epinephelus aeneud.upatschet al, 2003; Lupatsch &
Kissil, 2005) Argyrosomus japonicugPirozzi et al, 2010) Sciaenops ocellatus
(McGoogan & Gatlin, 1998)Oncorhynchus mykis@Rodehutscord & Pfeffer, 1999;
Glencrosset al, 2007; Glencross 2009Bidyanus bidyanugBooth & Allan, 2003)
Gadus morhugHatlen et al, 2007) Lates calcarifer(Glencross, 2008and Salmo
salar (Hellandet al, 2010)

In fish, patterns of protein deposition with incsgry levels of DP intake vary
considerably among species, diets, experimentalditons (initial weight and
temperature), and responses have been describéideas (Lupatschet al, 1998;
Fournier et al, 2002; Lupatsch & Kissil, 2005; Peres & Oliva-d®l 2005)or
curvilinear (Bureauet al, 2006; Pirozzet al, 2010; Jauraldet al, 2013)

The objectives of this study were to determine hretein and energy
requirements, the protein and energy retention cieficies and maintenance

requirements of juvenilArgyrosomus regius

MATERIALS AND METHODS

Experimental setup

The trial was conducted in eight octagonal conctatiks (4000 L). Inside a

marine water recirculation system (65 ofi capacity) with a rotary mechanic filter and
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a gravity biofilter of around 6 fncapacity at the aquaculture laboratory of the Aalim
Science Department at Polytechnic University oféviala (Valencia, Spain). All tanks
were equipped with three cages of 1000 litres ar éages of 1500 litresTable 3),
aeration, and water was heated by a heat pumgléusia the system. The equipment
used to control water parameters: were an oxy-m@eyGuard, Handy Polaris V
1.26), a refractometer with a 0 - 100 g tange (Zuzi, A67410) and a kit applying the
colorimetric method to determine nitrate, ammomid aitrite concentrations. The kits
were obtained from AquaMerck (Merck KGaA, Darmstdsiermany). During the trial,
the water temperature (19 + 1°C) and dissolved emy(y.36+ 0.4 mg L) were
measured on a daily basis. Salinity (27 + 19,lpH (7.3 * 0.5), N4 (0.0 mg L),
NO, (0.22 + 0.2 mg L)) and NQ (46.1 + 3.7 mg L!) were measured three times a

week. The photoperiod was natural and all tankssivadar light conditions.

Fish, experimental design and feeding

Two trials were conducted at Polytechnic UniversifyValencia. Fish of the
first trial were supplied by IRTA (San Carles deRlapita, Tarragona, Spain), having an
initial body weight of 53 g. Fish of the secondakrhaving an initial body weight of
approximately 188 g were supplied by IFAPA Centél Torufio” (Santa Maria Port,
Céadiz, Spain). All fish were acclimatized to thepesimental conditions along a 30
day period, and were fed a commercial diet (47%lenprotein (CP), 20% crude lipid
(CL), 5.8% ash and 1.5% crude fibre (CF), SkrettiBgrgos Spain)The two trials (A
and B) are summarized irable 3.

All fish were weighed approximately every 4 weeRsior to weighing, fish
were anaesthetised with 30 mg'Lof clove oil (Guinama ®, Valencia, Spain)

containing 87% of eugenol. The fish had been id &&ur fast before weighing.
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Table 3.Experimental design.

Trial A Trial B

Initial weight 53¢ 188 g

Total of fish specimens 169 77

Experimental system 12 cages of 1000 litres imégaf 4000 |, recirculating 8 cages of 1500 litres in 4 tanks of 4000 |, radating
saltwater system saltwater system

Feeding Rate 0,0.75, 1.5, 2.5, 3.5 and 4.5% 0,1085and 2.5%

Feeding 1-2 times daily (hand feeding) 1-2 timaydhand feeding)

Replicates 2 2

Duration 53 days 53 days
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At the beginning of both trials 5 fish were sacefil per trial and frozen to
determine their initial corporal composition, an@ fish per cage were randomly
collected and immediately frozen for corporal asaat the end of the trials.

The diet used in both trials and during the dipday analysis period was a
commercial diet (Skreting, Burgos Spain). Chemmadlyses were performed at the
Food Laboratory of Polytechnic University of Valemcand diet composition is

described inrable 4.

Table 4.Diet composition and proximate analysis.

Diet
Nutrient contents (% dry matter basis)
Dry matter (%) 93
Crude protein (%) 46.06
Crude lipid (%) 19.46
Ash (%) 6.35
Crude fibre (%) 15
ANFE (%) 26.63
BGE (MJ kgh) 24.26
CP/GE (g M3) 18.98
Digestible nutrient contents (% dry matter basis)
CADCys (%) 64.6
PADCp (%) 84.85
EADCe (%) 84.94
*DP (%) 39.08
°DE (MJ kg") 20.60

ANFE calculated = 100-%CP-%CL-%Ash-%CIGE = Gross energy: Determined by direct combustion
in an adiabatic bomb calorimet&ADCys = Apparent digestibility coefficients for dry matt&ADCp =
Apparent digestibility coefficients crude proteTADCe = Apparent digestibility coefficients enerdypP

= (Crude Protein feed x Coefficient Digestible Rin}/100.°DE = (Energy feed x Coefficient Digestible
Energy)/100. The ingredients used in the commkdit were mainly fish meal (290 g Ky soybean
meal (150 g kd), corn gluten(111 g kb, wheat gluten (140 g Ky, pea meal (80 g kg, wheat (50 g kg

Y, fish oil (130 g kg), soybean oil (30 g kb, Antioxidant BHT, vitamins A (5000 Ul), vitamins D3
(750 UI), vitamins E (150 mg K.

In all treatmentsTable 3), fish were fed from Monday through Friday twice a
day, and just once on Saturday. During feedingedess checked that all of the feed
offered was eaten by the fish, ensuring equalildigion of the pellets among the fish.

For the first meal of the day, the entire ratiorswgaven, and, if the fish showed a lack
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of appetite, feeding was stopped; any remaininigmavas given in the second meal. If
the fish displayed a lack of appetite during theosel meal, then feeding was stopped,
the remaining food was weighed and the FR was cadefrom the theoretical FR to
the actual FR.

The apparent digestibility experiment was carriedl io the same tanks at the
end of the growth experiment. Two parallel trialsrevmade: one with fish weighiié
g and another one when the fish weight was 120ligfigh were fed to satiety and
faecal collection took place 15 h later (09:00).trestion was made by stripping
(applying pressure on the ventral region from tee/ip fins to the anus). Wet faecal
content was collected and dried at 60 °C for 4&fore analysis (CP, energy and AIA
were used to calculate the apparent digestibibsfficient, ADC).

Digestibility coefficients of energy and protein needetermined by faecal

analysis with the following formula:

ADC (%) = 100 x [1 - (marker in diet/marker in f&sg x (N in faeces/N in diet)]

Where N is the nutrient.

Chemical analysis

Composition of diet, fish carcasses and faeces aeatysed followingAOAC
(1990) procedures: dry matter (105 °C to constant weigtsf) (incinerated at 550 °C to
constant weight), CP (N x 6.25) by the Kjeldahl hoet after acid digestion (Kjeltec
2300 Auto Analyser; Tecator, Hoganas, Sweden), &traeted with diethyl ether
(Soxtec 1043 extraction unit; Tecator). Energyedd and faeces were determined by
direct combustion in an adiabatic bomb calorimetParr Model 1108 oxygen

combustion bomb; IL, USA). All analyses were pemied in triplicate except faecal
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analysis, which was performed in duplicate. Theal ansoluble ash (AIA) content of
feeds and faeces was estimated by the method saddsgitkinsonet al., (1984)
Statistical analysis

Growth data and feed utilisation were treated usamglysis of variance
(ANOVA Factorial, initial weight was used as a coate) (Snedecor & Cochran,
1971) the Newman-Keuls test was used to assess multplaparison tests,
confidence interval was set at 95% (Stat graplt8tatistical Graphics System, Version
Plus 5.1, Herndon, Virginia, USA).

Quadratic regression analyses were applied, whesgethiermal-unit growth
coefficient (TGC) was a function of feed intakengsithe expression Y= a + b(X) +
c(X)?. Optimum feed intake was obtained by deriving #tsiation and equalising it to
zero.

The equation used to describe the respective respowas: y= a[17¥),
where y is protein retention or energy retentions xhe digestible protein (DP) intake
or digestible energy (DE) intake; a = plateau vafae the curve; b = constant
characterizing the steepness of the curve; ¢ =ribdkeé or DE intake at y = 0 and by
definition represents the intake for maintenandee DP or DE intake for maximum
retention is defined by the point on the absciggaesenting 95% of the value of the
upper asymptote on the ordinate.

Retention efficiency (Gross and Net efficiency) t@ndefined as:

Gross Efficiency= y/x

Net Efficiency = y/(x-c),

Where vy is the protein or energy retention, ansl the DP intake or DE intake

developing

Gross Efficiency = a[1-8*%]/x
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Net Efficiency = a[1-8%)/(x-c)
The maximum efficiency point can be calculatedwo tvays, graphically as the
tangent point between the retention curve and getarline crossing the point of origin

of the coordinates, or algebraically as the maxinpaint of the efficiency curve.

RESULTS

In both trials, after the growth period of 53 ddlge final body weight and the
TGC varied according to the different feeding rafexble 5 shows the statistical results
of growth and nutritional parameters of the twalsi

All the fish in starvation lost weight, resulting ithe lowest body weight in both
trials, 38 and 111 g in trial A and B, respectivéhside non-starvation rates, in trial A,
the final weight of fish fed 0.75% was the lowest @), and the meagre fed the highest
rate (4.5%) obtained the highest final body wei@#it g), although there were no
significant differences from 1.5 to 4.5% rates. i&ny, in trial B, the meagre fed 1.5
and 2.5% were significantly heavier (295 g and 83%espectively) than those fed at
0.5% (248 g). As-igure 8 shows, similar results were observed with regarth¢ TGC
values; the fish starved presented TGC negativ®3- trial A, and -0.98 in trial B).
In trial A, fish fed 0.75% obtained the lowest T@L27 x 10°), and there were also no
significant differences observed among the fishdedates of 2.5, 3.5 and 4.5% (TGC
of 1.25 x 10°, 1.69 x 10 and 1.4 x 18, respectively). Concerning TGC in trial B, there
were also significant differences among feedinggand the TGC values increased
significantly as the feeding rates increased.

In the two trials, the feed intake (FI) was sigraftly different and this FI

increased as the designed feeding rate increasasthoavn infable 5.

65



Table 5.Growth and parameters of the two experimentargfyrosomus regiuged at the different feeding rates. Corporal asialpfA. regiusfed at different feeding rates at
the end of the trial.

Trial A Trial B
Feeding Rate (%) Feeding Rate (%)

Initial 0 075 15 25 35 45 SEM Inital 0 05 15 25 SEM
Parameter
Initial weight (g) 55 52 52 53 54 54 2 1400 209 209 197 9
Final weight (g) 3¢ 577 70 77 88 81° 4 117% 248 295 339 7.92
ATGC x 10° 093 027 09 125 169 1.4 0.15 -0.98¢ 099 188 274 0.5
BF1 (% day?) 0* 050 105 172 222 275 0.10 0* 038 103 188 0.06
°DP intake (g DP 100 g fisiday) 0* 019 04r 067 0.86 1.07 0.04 0* 018 040 073 002
PProtein retention (g 100 g fidghay?) -0.07 0.074 013 017 0.18 0.17 0.01 -0.07 0.09 0.18 018 0.02
EDE intake (kJ DE 100 g fishdays™) 0* 10.3% 21.7F 3585 4579 56.87 2.13 0* 7.74 21.06 3877 1.27
FEnergyretention(kd 100 g fisi days™) -1.98 358 6.3 7.8 927 840Y 047 2.7 4.02 8.02 9968 092
Carcass composition
Moisture (%) 80.06 82.8% 77.50 75.5F 75.23 74.06 7435 0.40 79.35 8354 76.10 7429 7159 1.09
Protein (%) 11.91 11.76 14.82 1577 16.02 16.3¢ 16.10°® 0.05 13.24 11.76 1557 16.24 16.36¢ 0.57
Lipid (%) 1.95 1.96 4.2 546 58F 6.60 6.2 034 196 076 38F 642 769 0.76
Ash (%) 434 463 339 329 309 333 329 022 468 43F 403 313 388 022
SGE (MJ Kgb) 362 359 522 594 613 657 63F 014 394 31P 527 643 697 0.40

Means of duplicate groups. Data in the same rowshating a common superscript letter are signifigatifferent (P<0.05). SEM: pooled standard ewbthe mean. Initial
weight was considered as covariable to final wei§&C, DP intake, Protein retention, DE intake &mérgyretention.Thermal Growth Coefficient TGC= 1000 x [Final
weight (g)**- Initial weight (g}*] /(T°— minimum T° to feed x days); Minimum T° to feed = 12 °C. ®Feed intake (% day FI = 100 x feed consumption (g)/ average
biomass (g) x day$Digestible Protein intake = Protein intake / [dayaverage biomass (g)] x 10tProtein retention = Protein retention / [days xrage biomass (g)] x
100.Digestible Energy intake = Energy intake / [daysverage biomass (g)] x 10Energy retention = Energy retention / [days x ageraiomass (g)] x 106GE: Gross
energy: Calculated using: 23.9 k3 groteins. 39.8 kJ¢lipids and 17.6 kJq carbohydrates.
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Figure 8. Thermal growth coefficient (TGC) response to iasiag levels of feed intake (FI) and the
response curve of quadratic models consideringritleA and trial B in meagre.

With the aim to determine the FI for maximizinghfigrowth, a second-order
polynomial regression analysis was carried out, tred equation that describes the

relationship between TGC and the Fl is shown devd!:

Trial A

TGC =-0.487641 x IO(FI)*+ 2.17334 x 18 (FI) - 0.87187 x 18

R? = 95% Equation 1)

Trial B

TGC =-1.17882 x 18 (FI)? + 4.05533 x 18 (Fl) -0.78587 x 18

R? = 94% Equation 2)

Optimum daily FI for maximum TGC (2.2% dayn trial A, 1.73% day in trial

B) was obtained by deriving these equations andlesgug them to zero.
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The DP intake and DE intake increased significaalyfeeding rates increased
(Table 5). The highest value in trial A was 4.5% (1.0D® 100 g fisi day* and 56.8
KJ DE 100 g fisH day, respectively), and in trial B the rate was 2.5%48 g DP 100
g fish* day* and 38.72 KJ DE 100 g fidhday’, respectively).

In trial A, protein retentionTable 5 was significantly higher at the feeding
rates of 1.5, 2.5, 3.5 and 4.5%, than in the fegtdfat 0.75% (0.074 g Prot 100 g fish
day?); the energy retention of the 0.75% (3.55 KJ i0ish” day?) feeding rate was
the lowest, and the 3.5% (9.22 KJ 100 g fistay') feeding rate showed higher energy
retention than fish fed at the 1.5% (6.31 KJ 10BMj* day’) feeding rate. In trial B, no
significant differences were observed in protetemégon and energy retentiohable 5
also shows the statistical results of body compmsitThe percentage of moisture and
ash in the starved fish were the highest. In tAalthe moisture, lipid and energy
contents were significantly higher at the rate4.6f 2.5, 3.5 and 4.5%, than in the fish
fed at 0.75% (77.5%, 4.21% and 5.22%, respectivéhg percentage of ash did not
show significant differences with regard to thedmg rates, while the protein content
was significantly higher at the rate of 3.5% (16)3%nd also higher at 4.5% (16.10%)
and 2.5% (16.02%) but lower in fish fed at 0.75%.82%). Trial B did not show
significant differences in the statistical reswift$ody composition.

To determine the daily DP and DE requiremenfofegius,it was necessary to
combine the data of trial A and B to obtain thepmwse curve of retentiorFigure 9
and Figure 10). The DP and DE intake to maximise retention aoddétermine
maintenance was developed according to the asympégfression modeEQuations 3

and4) relating protein retention with DP intake and Egyeretention with DE intake.
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Figure 9. Effect of digestible protein intake (g DP 100 ghft day®) on protein retention (g Prot 100 g
fish? day'). Maximun Retention: Point of the retention cuhaving the retention value of 95% of plateu
point. Efficience Maximum retention: Point of theogs efficiency curve for the digestible proteitake
for maximum retention. Maximum Efficiency: Maximupoint of the efficiency response curve. Optimun
DPI: Digestible protein intake which gives the nmanim gross efficiency coinciding with the tangengli
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that gives a retention equal to zero.
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Figure 10. Effect of digestible energy intake (kJ DE 100sfifi day) on energy retention (kJ 100 g fish
! day"). Maximun Retention: Point of the retention cuhaving the retention value of 95% of plateu
point. Efficience Maximum Retention: Point of theogs efficiency curve for the digestible energykst
for maximum retention. Maximum Efficiency: Maximupoint of the efficiency response curve. Optimun
DEI: Digestible energy intake which gives the maximgross efficiency coinciding with the tangenelin
from the origin of coordinates to the retentionveurMaintenance Point: Digestible energy intakenpoi
that gives a retention equal to zero.
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The asymptotic equations were:
Protein retention=0.17[1-exjy (PP intake-0.0§)

R’= 96% Ecquation 3)

Energy retention= 9.13[1-e&p83(OF intake-2.79)

R?=93% Ecquation 4)

According to the regression modelg(ation 3 and4) and their plotsKigure 9
and10), the points for maintenance, maximum efficienog amaximum retention were
determined and are presentedlables 6and7 for both protein and energy retention.
Net efficiency is included. The requirement of Dake for maintenance was obtained
for protein retention 0 (y=0), the DP intake foe titmaintenance point was 0.0617 g DP
100 g fish* day'. The maximum retention point was calculated at 9&Psthe
asymptotic value. The DP intake to maximise retentias 0.64 g DP 100 g fidhlay*
and its associated retention at that point was 6.Pfot 100 g fish day* obtaining a
efficiency of protein retention of 0.25. The poaftmaximum efficiency was calculated
graphically or algebraically as the maximum of tueve and was reached with a level
of digestible protein intake of 0.24 g DP 100 chfisday’, this intake produced a

protein retention of 0.088 g Prot 100 g ffstiays’, with a maximum efficiency of 0.44.

Table 6. Protein retention key points

DP Intake Protein Retention Gross Efficiency  Net Efficiency
(g DP 100 g fishday') (g 100 g fisHday?)
Maintenance 0.0617 0 0 -
AMax. Retention 0.64 0.17 0.25 0.29
BMax. Efficiency 0.24 0.088 0.44 0.49

AMax. Retention: Maximum retentiofiMax. Efficiency: Maximum efficiency.
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Table 7.Energy retention key points

DE Intake Energy Retention Gross Efficiency Net Efficiency
(kJ DE 100 g fisfday')  (kJ 100 g fisHday?)
Maintenance 2.74 0 0 -
AMax. Retention 38.5 8.67 0.22 0.24
BMax. Efficiency 10 4.14 0.41 0.57

AMax. Retention: Maximum retentioiMax. Efficiency: Maximum efficiency.

The DE intake for the maintenance point was 2.7BEJL00 g fisiH days’. The
maximum retention point was obtained with an Dalet of 38.5 kJ DE 100 g figh
days® and its corresponding retention at that intake ®#& kJ 100 g fish days'
obtaining an energy retention efficiency of 0.2ReTpoint of maximum efficiency was
obtained with a DE intake of 10 kJ DE 100 g fistlays' DE producing an energy

retention of 4.14 kJ 100 g fidtdays' and with a maximum efficiency of 0.41.

DISCUSSION

One of the goals of aquaculture production is araiV cost-effectiveness with a
minimum of waste outputs. To achieve this aimsitnnportant to optimise the feeding
strategies evaluating the effect of diet ratiorelewer the fish growth. In this sense, the
curvilinear response allows identifying the optinkbel ration, that maximises fish
growth and feeding efficiendypirozziet al, 2010) Results of this trial showed that the
feeding rate was higher in fingerlings than juvesilThese data agreed with expected
results as small fish have a higher metabolic agtive. they need a higher feeding rate
and higher protein and energy intake; most of #mgrgy (requirement) spent on
growth, muscle development and a higher activikelehan juvenile meagres. The
maintenance requirement depends on fish activitighvis inversely proportional to fish
size. Thus, the energy and protein intake for nea@tbce tend to be higher in
fingerlings than juveniles. There were significdifterences between the calculated and
the observed feed intake, which were great in &idh the case of fish fed 4.5 % (feed

rate calculated), an FI of 2.75% dayas registered.
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The TGC values for one species growing under sinfideming conditions can
be considered constant across a wide range of tvelgéses (< 20 g, 20-500 g and >
500 g, in rainbow trout) and temperatu(Esimaset al, 2007; Jauraldet al, 2013) In
meagre, the TGC increased in agreement with thairfgerate. Polynomial regression
showed that optimum daily FI for maximum TGC (1)630° was obtained with the
highest FI, such as 2.2% da¥l in trial A, and 1.73% day (2.70 x 10°) in trial B.
Under the same experimental conditions (facilitigemperature, photoperiod)
fingerlings showed a higher growth than juvenilegich was not observed in the
present study. The main reason of this could yéated to the fact that the fish in the
present experiment have different origins and heaoee from different batches; fish in
trial B being of a better batch and more adapteexfmerimental conditions than fish in
trial A. Fish batch quality should be taken intc@nt to improve fish growth. This
opens the door to extensive aquaculture reseaachely genetic improvement, which
together with feed optimisation could lead to higtowth and high feed efficiency
(Knibb, 2000)

In mulloway @Argyrosomus japonic)sPirozziet al (2010)found that that in
fish of 40 g, the effect of the ration on weightpiein and energy retention varied
significantly depending on the temperature. Likeyis fish of 127 g, the ration level,
but not the temperature, affected the weight, pmptend energy retention. The TGC
was recalculated using the weight data presenterirad he small mulloway presented
a TGC of 1.79 x18 (20 °C); these results were higher than the TG@ioéd in the
present experiments for meagre fingerlings andTi®€ in the large mulloway was
1.19 x 10°(20 °C), lower than the TGC obtained in meagreijiies.

The graded levels of DP and DE intake also produmxeasing graded

retentions, as expected and in agreement Wigtanabeet al (2000a)andPirozziet al
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(2010) and in case of fish under starvation conditiomesé values were negative.
Protein retention was high at all the feeding rabes it decreased at a rate below 1.5%,
and the FI for this feeding rate was 1.05% Halgnergy retention increased, only in
Trial A, when fish growth also increased.

Protein is the basic component of all animal tissaled constitutes about 65-75
% of the dry matter in fish tissue, and dietarytgio provides essential and non-
essential amino acids to synthesise body protaineaergy for maintenan¢érshadet
al., 2010) In general, fish require a higher level of digtarotein than terrestrial
farmed vertebrate@aushik & Seiliez, 2010and protein requirements vary between
species, with carnivorous fish generally havinghkigdietary protein requirements than
omnivorous and herbivorous spec{€sinasekerat al, 2000) Chatzifotiset al (2012)
proved the best dietary protein level for meagrbad®0% as it is a carnivorous species
with a high protein requirement, comparable todtieer species commonly cultured in
the Mediterranean Sea, such as European sea bg#thead sea bream. For these two
species, there are dietary protein requiremendsramge of 45-55 %. Meagre juveniles
seems to have similar lipid requirements as othediMrranean species, and dietary
lipid level excess should be avoided since theem®e from 17 % to 21 % resulted in
higher fat accumulation and impaired growth perfance(Chatzifotiset al, 2010;
Chatzifotiset al, 2012) Also, Martinez-Llorenset al. (2011)found that the fish fed a
commercial diet with 47 % crude protein and 20 #derlipid showed the best results
in meagre growth. These studies determined thetiontl profile of A. regius based
on percentage levels, hence it is necessary to @@ rgpecific in their nutritional
requirements. The benefits of the factorial appnoace that requirements are not

expressed as a percentage of the diet but ratheéerms of absolute daily feed
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requirements per unit of weight and weight gdinpatschet al, 1998; Boothet al,
2010)

When making a comparison with other species iteisessary to re-evaluate the
results shown inTables 6 and 7. In factorial method studies, researchers use the
metabolic body weight of each species; in giltheadbream|.upatschet al. (1998)
determined the protein requirement @y and energy requirement (R§). Similar
results were reported Wirozziet al. (2010)for A. japonicusln this study, these values
were used as the theoretical metabolic body welightA. regius In this sense, the
protein necessity for maintenance in meagre is @MP kg*’ fish® day* and the
energy necessity for maintenance is 15.61 kJ DE®Kish™ day', while protein
requirements for maximum growth are 3.68 g DP”kdish® day' and the energy
necessity for the maximum growth is 139.94 kJ DE¥ish™ day™.

The maintenance requirement for DP has been regdreleveen 0.45 and 0.96 g
DP kg®’ fish* day' (Table 8), while the DE maintenance requirements for fislreh
been shown to range from 32 to 77 kJ DE’gkdish™ day' (Table 8 and vary
depending on temperature, species, and fish(Bizezziet al, 2010) In meagre, the
protein necessity for maintenance is among thigeabout the energy necessity for
maintenance is below this range. The explanatiaisffact is the method used in the
present experiment. The results allowed the dewedop of an asymptotic equation,
while in the trial described iifable 8, responses were linear equations given higher
maintenance points. It should be noted the asymspeguations have greater accuracy
and have been applied to describe and predict growectothermgRosaet al, 1997,
Hernandez-Llamas & Ratkowsky, 2004; De Graaf & ®re2005) In seabream,
Jauraldeet al (2013)found that the feeding rates for maintenance gerelar when

obtained with asymptotic or quadratic curves.
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Table 8.Maintenance protein and energy requirements esihfar several fish species.

Maintenance Protein Requirements  Maintenance FriReguirements Temperature References

Meagre Argyrosomus regiys 0.71 g DP kg’ fish™ day” 15.61 kJ DE k§®fish™ day” 19°C Present study

Gilthead seabreanSparus aurath 0.86 g DP k"’ fish™ day* 55.8 kJ DE kg ®%fish day* 23-24 °C  Lupatschet al (1998)
European seabasBitentrarchus labrax 0.66 g DP kd*fish* day* 43.6 kJ DE kg "*fish™ day* 19-26 °C Lupatschet al.(2001)
European seabasBi¢entrarchus labrax 0.87 g DP k'’ fish™ day* 50.9 kJ DE kg*®fish* day* 25°C Peres & Oliva-Teles (2005)
White grouper Epinephelus aenelis 34.05 kJ DE k§®fish* day* 19-27°C  Lupatschet al (2003)
Mulloway (Argyrosomus japonicis 0.47 g DP kg’ fish™ day* 44.21-49.59 kJ DE Rffish*day' 20-26 °C Pirozziet al (2010)

Red drum $ciaenops ocellatiis 0.5 - 2.2 g DP kg fishday* 58 to 97 kJ DE kg fishday* 25°C MacGoogan & Gatlin 11l (1998)

Yellowtail (Seriola quinqueradiata 2.7 — 3.1 g DP kg fishday* 62.7 kJ DE kg fish day* 22-27°C  Watanabest al (2000b)
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In Mediterranean species such as gilthead sea breapatschet al. (1998)
reported the necessity for protein maintenance.88 § DP kg’ fish* day' and the
necessity for energy maintenance at 55.8 kJ DE®k{jsh™ day’, while the protein
necessity for the maximum retention was 5.5 g DP’kfish* day* and the energy
necessity for the maximum retention was 275 kJ B&®fish™ day*. Comparatively,
the necessities for gilthead sea bream are hidier those obtained fok. regius
Jauraldeet al (2013)also established a growth model according to ¢lee intake rate.
These researchers determined the necessity fotenaimce at 2.3 g Kg fishday*, and
the necessity for the maximum growth at 19 g Kdvfiglay!, according to the
asymptotic growth model.

In D. labrax the requirement for digestible protein for mamaece was
calculated at 0.66 g DP & fish™ day* (Lupatschet al, 2001)and 0.87 g DP Ky
fish* day® (Peres & Oliva-Teles, 2005jor digestible energy 43.6 kJ DE %{ fish™
day® (Lupatschet al, 2001)and 50.9 kJ DE K¢ fish* day* (Peres & Oliva-Teles,
2005) Peres & Oliva-Teles (2005)ecalculated maximum retention using the data
presented in this paper, they obtained the proteguirement for the maximum
retention at 3.58 DP kg’ fish* day* and for energy it was 105.83 kJ DE°Rdish™
day’. According to these data the protein necessitytlier maintenance of meagre
would be between the established range for Europearass and similar to the protein
requirements for maximum retention, but the energgessities for maximum retention
are higher in meagre than in European sea bass.

The nutritional requirements of other species ef Sitiaenidae family have have
been well studied, in this sense the studies mgd&rbzziet al. (2010)in A. japonicus
are noteworthy They indicated that the protein necessity was aftected by the

temperature and maintenance was at 0.47 gk®P’ fish! day®; similarly, the
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necessities for maximum retention were determinate@.6 g DPkg®’ fish™ day™.
Energy requirements for maintenance increased dicgprto temperature, and we
obtained values of 44.21 kJ DE ¥gfish™* day* (20 °C) and 49.59 kJ DE R§ fish™

day’ (26 °C). On the contrary, the necessities for maxn retention were 120 kJ DE
kg?®fish™* day* (20 °C) and 150 kJ DE K§fish™ day* (26 °C). Comparing the results
at 20 °C with those obtained An regius at 19 °C, it can be observed that the necessities
in meagre are higher than mulloway except for thergy requirement for maintenance.

In red drum Sciaenops ocellatyisanother Scianidae, the protein maintenance
requirement in fish weighing between 3.4 andd.Were estimated at 0.5 and 2.2 g
DP kg fish' day', and the energy requirements for maintenance cafrgen 92 to 97
kJ ED kg fisi* day*. The protein requirements for maximum retentiamges from 20
to 25 g DP kgfish® day’, whereas energy requirements for maximum retentiere
914 to 985 kJ ED kg fishday* (McGoogan & Gatlin 1ll, 1998) In general, these
results show that necessities of the red drum gyleeh thanA. regius but these are
conditionated by the initial red drum body weigbbrresponding to fish with higher
requirements.

Besides, in yellowtail§eriola quinqueradiata a high requirement species due
to its fast growth, the DP and DE requirementsniaintenance of body weight were
3.1 g DP kg fish* day' and 129 kJ ED kg fishday®, for fish with the initial body
weight of 31 and 94; while the requirements for mmaxn retention were 22.5 g DP kg
fish? day' and 862-1147 kJ ED kg fighday' (Watanabeet al, 2000b) Protein and
energy requirements for maintenance and maximuantien are higher in yellowtalil
than in meagre.

Retention efficiency has been included in thables 6 and 7 to allow

comparisons with other research trials. Proteientadn efficiency was determined at
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0.52(Lupatschet al, 2001)and 0.64Peres & Oliva-Teles, 2005 D. labrax,0.54 for

E. aeneuglupatsch & Kissil, 2005)0.49-0.51 fot.. calcarifer(Glencross, 20080.58
for A. japonicus(Pirozzi et al, 2010) Many factors affect the efficiency by which
dietary protein is utilised for maintenance andwghy including the quantity and
quality of the dietary protein (i.e. amino acid file), protein digestibility, body weight
and age of fish, feed intake and numerous envirommhéactors(Arshadet al, 2010)
Differences in protein retention efficiencies coblel caused by the amino acid dietary
profile (Sandberget al, 2005; Sanchez-Lozaret al, 2009; 2011; Pirozat al, 2010)
Besides Kaushik & Seiliez (2010affirmed that the lack of control of the aminodaci
catabolism is affected by dietary protein level$jch is indeed considered to be one
major reason for the high protein requirementsisii.fThe high obligatory nitrogen
losses incurred in the conversion of nitrogen framispensable amino acids to
dispensable amino acids in the liver and the slat@ of catabolism of indispensable
amino acids may be the main explanation for this.

The energy retention efficiency results of thespre study agree witBureauet
al. (2006)reported for fish species within the range of 0.Z--These results were also
similar to those reported fd@. labrax (Lupatschet al, 2001) O. mykis§Azevedoet
al., 1998)andA. japonicugPirozziet al, 2010)

According toHillestad & Johnsen (1994McGoogan & Gatlin 11l (1998)and
Leeet al (2002) the inclusion of inadequate quantities of protanal energy can cause
a reduction in growth and an excessive quantityenérgy can also reduce feed
consumption, which would also lead to growth reptuct Besides, protein is more
expensive than lipid and carbohydrate and fishiuger tissue synthesis and growth.
Also, a decrease in DP/DE ratios has indeed shawmet extremely efficient in

improving protein utilisation and decreasing nitadoses in most farmed fighee et
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al., 2002) Kaushik & Seiliez (2010also indicated an optimisation of the ratio betwee
digestible protein and digestible energy througletaty digestible protein level

reduction with or without a concomitant increasethie dietary non-protein digestible
energy supply.

Concerning body composition, a loss of energy amutepn as well as an
increase in ash content were reported only inifisttarvation, as a natural consequence
of muscle decreases. The body composition at timaireng feeding rates was similar,
and only fish fed 0.75% in Trial A obtained the kst value. It seems that 0.75% was
too low for feeding fingerlings, as mentioned befarhigher feeding rate is required. At
the same time, in Trial A, the crude protein waghkr in fish fed 3.5%, even higher
than those fish fed 4.5%. Although, the crude pnotentent of fish is kept relatively
constant along life stages and is only slightlyeetéd by dietary factors (provided the
dietary essential amino acid is adequate); lipidteot of fish is variable depending on
energy intake and growt{Shearer, 1994; Bureaget al, 2006) In general, the CP
content was 16% and 7% for lipids. These resulimahstrate the excellent meat
quality of the meagre; its low fat content being ntain characteristic, representing an

important parameter of quality for the consurfieoli et al, 2003)

CONCLUSION

The optimum TGC was obtained with the highest fe¢ake, i.e. 2.2% in trial A
and 1.73% in trial B. The DP intake for maintenarmcel maximum growth was
recorded at 0.0617 g and 0.64 g DP 100 g'fishy", respectively The optimum intake
of digestible protein was 0.24 g DP 100 g fistay' for maximum protein efficiency
retention. The DE intake requirements for mainteeaand growth maximisation were

2.74 kJ 100 g fish day* and 38.5 kJ 100 g fishday’, respectively, and the optimum
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point for maximum energy efficiency was 10 kJ 10Gigh’ days’. The retention
efficiency of protein and energy iArgyrosomus regiusends to be within the range

reported for other fish species.
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INTRODUCTION

The manipulation of diet formulations with respextingredient costs, nutrient
profile and digestibility, as well as the adaptataf feeding regimes designed for site-
specific farming conditions can result in signifitaeductions in pollution loading and
cost(Turanoet al, 2002)

Argyrosomus regiuss a species with higher growth rates than mostroon
Mediterranean-cultured species, such as giltheadbseam and European sea bass
(Estevezet al.,2010) Diets formulated for sea bass or gilthead searbrare currently
used for meagre. The best growth performance irgredaas been observed at a dietary
lipid level of 17%(Chatzifotiset al, 2010) However, the knowledge about nutritional
requirements and the most appropriate ingrediemdseed formulations for this species
is scarce.

Protein is the basic component of all animal tissaed constitutes about 65—
75% of the dry matter in fish tissues and dietargtgin provides essential and
nonessential amino acids to synthesize body proéeid energy for maintenance
(Arshadet al, 2010) An increase in digestible protein in diets caadl¢éo improved fish
production, especially for carnivorous fighee et al, 2002; Chonget al, 2004; El -
Sayed & Kawanna, 2008; Zhargj al, 2010) However, excess protein supplied in
feeds will be metabolized as an energy source aild increase production of
nitrogenous waste material that is excreted in svatbich may be detrimental to fish
growth and the culture environmgfiibbettset al, 2000; Zhanget al, 2010) It is then
essential to determine the optimum digestible pmolevel in diets for fish growth as
this is the main factor in determining feed daste et al, 2000)

Protein amino acid composition and digestibilitygm the quantity and rate of

absorption of each amino acid, and hence, proti@imation in the body. Therefore, in
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attempting to estimate protein quality and onehefmost important factors to evaluate
is digestibility (Bassompierret al, 1997) The digestion efficiency of digestion can be
evaluated by measuring either bioavailability (ffeetion of ingested nutrient available
for utilization in normal physiological functionsd for storage) or bioaccessibility (the
fraction that is released from the food matrix @dvailable for intestinal absorption).
In vivo methods provide direct data of bioavailability amave been employed for a
large variety of nutrientdn vitro methods simulate either the digestion and absorpti
processes (for bioavailability) or only the digestprocess (for bioaccessibility) and the
response measured is the concentration of a nutimesome kind of final extract
(Handamet al, 2009) The gastrointestinal models (GIM) operates ugisig enzyme
extracts and can be used to estimate the bioabdi#gsif some major nutrients, like
protein or carbohydrates, present in the feedsyedisas the resulting bioavailability of
amino acids, oligosaccharides or even mineral edsifMorales & Moyano, 2010)n
vitro digestion is being used to predict the qualitexperimental feeds. Marig vitro
methods have been developed and tested for meggiigestibility of different dietary
proteins(Bassompierreet al., 1997; Rungruangsak-Torrisseh al, 2002) Once their
correlation to thein vivo response is demonstrated, those assays have aenwhb
advantages since they are rapid, safe, and doawet the ethical restrictions affecting
assays carried out with live animals. Thirsyvitro assays are now routinely used to
assess digestibility of ingredients used in feedls térrestrial animal{Morales &
Moyano, 2010) Methods that simulate the gastrointestinal digestprocess under
laboratory conditions are known as gastrointestimadiels (GIMs).

The main objective of this study was to determihe bptimum digestible
protein level in diets for juvenile meagmrgyrosomus regiysand the results obtained

were also used to evaluate the diets from an ecmnoomt of view.
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A secondary aim was to test whether the resulthhemutritional utilization of
protein obtained byn vivo assay could be correlated to those obtained bgstray
intestinal model (GIM) previously used in the assesnt of protein bioavailability
(Hamdanet al, 2009; Morales & Moyano, 2010; Peraztaal, 2010) The presence of
such a correlation would then support the use efGiM as an additional tool within

the framework of fish nutrition studies.

MATERIALS AND METHODS

Experiment 1.

Determination of the optimum digestible protein lewl for juvenile meagre

(Argyrosomus regiys

Two different experiments were designed to meesdhebjectives. The first
consisted of a feeding study aimed at assessingutrgional utilization of protein by
the meagre in diets containing different levelsfde protein, while in the second,
vitro bioavailability assays were performed on the sale¢s using enzyme extracts

obtained from fish used in the first experiment.

Production system

The trial was conducted in 12 tanks (1700 ) at dlgeaculture laboratory of
Animal Science Department at the Polytechnic Umingrof Valencia, (Valencia,
Spain). The tanks were set up in a seawater réation system (65 frcapacity) with a
rotary mechanic filter and a gravity biofilter ofoand 6 ni capacity. All tanks were
equipped with aeration and the water was heatetlliBat pump installed in the system.

The water parameters were controlled by an oxy-m@eyGuard, Handy Polaris V
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1.26), a refractometer with 0 - 100 § tange (Zuzi, A67410) and a kit using the
colorimetric method to measure nitrate, ammonia amtlite concentrations
(AquaMerck, Merck KGaA, Darmstadt, Germany). Theteawaemperature (24+1°C)
and dissolved oxygen (8+0.4 md)were measured daily throughout the trial and the
salinity (341 g 1), pH (7.3+0.5), NH' (0.0 mg 1), NO, (0.34+0.2 mgf) and NQ
(46.1+3.7 mg 1) were measured three times a week. The photoperisdnatural and

all tanks had similar light conditions.

Fish and experimental design

The fish were transported to the facilities at #elytechnic University of
Valencia from a commercial hatchery localized irsteon, Spain. Meagre juveniles
were acclimated to the experimental conditions3@rdays and fed a commercial diet
(Skretting, Spain) 47% of crude protein (CP), 20P&rode lipid (CL), 5.8 % ash and
1.5% crude fibre (CF).

A group of 253 fish of 52 g mean weight were dmited in 12 tanks; three
replicates per treatment were randomly assigne@é. &tperiment finished when fish
tripled their initial weight. All fish were weigheelvery 20-21 days, approximately. The
fish were first anaesthetised with 30 md bf clove oil (Guinama ®, Valencia, Spain)
containing 87% of eugenol. The fish were not fad2# hours before weighing.

The trial lasted 62 days (from September 2009 teedter 2009). 5 fish per
tank, at the beginning of the trial, and 10 fish sk, at the end of the trial, were
euthanized by thermo shock in a melting ice batid aere stored at -30 °C to

determine proximate body composition

Diets and feeding
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Four experimental isolipidic diets (17% CL) weresid@ed with four level crude
protein (40%, 45%, 50% and 55% CP), using commiertigiedients Table 9). Diets
were designed by digestible protein content (35%%4 49% and 53% DP).
Additionally, all experimental diets also contairEkb chromic oxide as an inert marker.
Diets were prepared by cooking-extrusion processiitly a semi-industrial twin-screw
extruder (CLEXTRAL BC-45, St. Etienne, France). ¢&ssing conditions were as
follows: 100 rpm speed screw, 110 °C temperatuyelBatm pressure and 3 and 6 mm

diameter pellets, according to fish size.

Table 9. Formulation and proximate composition of the exmental diets

Diet

35% 43% 49% 53%
Ingredients (g k)
Fish meal, herring (5-02-000) 495.7 577 658.9 740.2
Wheat (4-05-268) 379.4 304.1 227.3 152
Fish oil (7-08-048) 106.6 100.6 95.4 89.3
AVitamin—mineral-AA mix 18.3 18.3 18.4 18.4
Chromic oxide 10 10 10 10
Nutrient contents (% dry matter basis)
Dry matter (%) 91.77 92.41 91.90 92.11
Crude protein (%) 39.74 44.69 50.43 54.50
Crude lipid (%) 17.75 17.48 17.78 17.73
Ash (%) 9.03 10.38 11.17 12.62
Crude fibre (%) 17 1.4 1.1 0.8
ENFE (%) 31.78 26.05 19.52 14.35
CGE (MJ kg?) 22.2 22.2 22.6 22.6
CPI/GE (g M3} 1.79 2.01 2.23 2.41
Digestible nutrient contents (% dry matter basis)
PDP (%) 34.6 43.2 48.6 53.3
EDE (MJ kg 18.1 20.9 21.6 21.2
DP/DE ratio (g M3 19.1 20.7 225 25.1
Cost of diet (€ Kg") 0.96 1.06 1.16 1.25

AVitamin mineral and amino acids mix (values aregd)k Premix: 5; Choline, 2; Dla-tocopherol, 1;
ascorbic acid, 1; (PO4)2Ca3, 1. Premix compositietinol acetate, 1,000,000 IU kgcalcipherol, 500
IU kg™ DL-a-tocopherol, 10; menadione sodium bisulphite, €h&min hydrochloride, 2.3; riboflavin,
2.3; pyridoxine hydrochloride,15; cyanocobalamif; Bicotinamide, 15; pantothenic acid, 6; folicdhci
0.65; biotin, 0.07; ascorbic acid, 75; inositol,, betaine, 100; polypeptides, 12; Zn, 5; Se, 010B;5;
Fe, 0.2; CuO, 15; Mg, 5.75; Co, 0.02; Met, 1.2; Q¥8; Lys, 1.3; Arg, 0.6; Phe, 0.4; Trcp, 0.7; epic
1000 g (Dibag-Diproteg, S. A., Segovia, SpaffiyFE calculated: 100 - %CP - %CL - %Ash - %CF.
CGE: Gross energy: Calculated using: 23.9 kpmpteins, 39.8 kJ Ylipids and 17.6 kJ §carbohydrates.
°DP = (Crude Protein feed x Coefficient Digestibleotein)/100.5DE = (Energy feed x Coefficient
Digestible Energy)/100.
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During the trial, the fish were fed the experimémtiets by hand twice daily

(08:30 and 17:00) to apparent satiation.

Apparent digestibility coefficient

Apparent digestibility coefficients for dry matteprotein and energy in
experimental diets were determined using four cdybrconical faeces collection tanks
(137 L) with one settling colum(lromaset al, 2005) Five fish per tank of 70-180 g
were fed ad libitum once a day in the morning (3:8@eryday and faecal collection
took place 24 h later. Wet faecal content was ctal centrifuged and dried at 60 °C
for 24 h prior to analysis. (CP, energy and chromxide were used to calculate
apparent digestibility coefficients, ADCS).

Digestibility coefficients of energy and protein needetermined by faeces

analysis with the following formula:

ADC (%) = 100 x [1 - (marker in diet/marker in f&sg x (N in faeces/N in diet)]

Where N is the nutrient.

Chemical analysis

Composition of the dietsTéable 9), fish carcass and faeces were analysed
following AOAC (1990) procedures: Dry matter (105 °C to constant wejgash
(incinerated at 550 °C to constant weight), CP (6l35) by the Kjeldahl method after
acid digestion (Kjeltec 2300 Auto Analyser; Tecatdbganas, Sweden), CL extracted
with diethyl ether (Soxtec 1043 extraction unitcdor). All analyses were performed

in triplicate except for faecal samples, which weeeformed in duplicate. The chromic
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oxide content of feeds and faeces was analysetbbhyi@absorption spectrophotometry

(Perkin Elmer 3300, Perkin Elmer, Boston, MA, USA).

Ammonia excretion

The ammonia excretion was used as an indirect atratuof the metabolic use
of protein in diets containing 35 and 49% DP. Assagre carried out in quadruplicate
as detailed irMcGoogan & Gatlin Il (1999)y placing 4 fish in tanks (137 L) and
taking samples of water at different times (0, 1,537, 9, 11 and 13 hours) after

feeding.

Economic analysis

The Economic Conversion Ratio [ECR (€ kéjsh) = feed conversion ratio (kg
diet kg *fish)*price of diet (€ kg' diet)] was used to evaluate the diets from an
economic point of view. The price of each feed wlasermined by multiplying the
respective contributions of each feed ingredientthsir respective costs per kg and
adding the values obtained for all the ingredientsach of the formulated diets. The
prices of the raw materials were obtained from FBOOBEFISH, Instituto Técnico y
de Gestion Ganadero, S.A and “Mercados Agroalinmersta(Official FOB price as at
January 2010): fish meal=1.38 € kgdefatted soybean meal= 0.321 €'kgvheat

meal= 0.154 € Kg; fish oil= 0.780 € kg; vit-min mix= 7.50 € kg.

In vitro assessment of protein bioavailability in dets for juvenile meagre

Preparation of enzyme extracts
The digestive enzyme extracts used in the assays oained from 36 fish
sampled at the end of experiment 1 (6 fish fromheaatritional treatment). Prior to

sampling, fish were starved for 6 h and then saedf by immersion in ice-cold water
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containing several drops of clove oil. After digsat of the organs (stomach or
proximal intestine including pyloric caeca), cruektracts were prepared by manual
homogenization in distilled water (1:10, w/v) foNled by centrifugation (12,000 rpm, 3
°C, 15 min). Supernatants were stored at -20 °@ used in the assays. Acid protease
activity in stomach extracts was measured using Aheon method (1938lsing
substrate haemoglobin (5 @)lin 100 mmol T glycine-HCI buffer (pH 2.0). Total
alkaline protease activity in the extracts fronegiine was evaluated using the Kunitz
method as modified byvalter (1984)using substrate casein (59 In 50mmol 1* Tris-
HCI buffer (pH 9.0). Results obtained from thessags (6.500 Units/fish and 16.500
Units/fish for acid and alkaline protease actigtigespectively) were used as a
reference to design the experiments aimed to deterrl bioavailability for the

different diets used in experiment 1.

Development of the in vitro assay

The in vitro assay involved a two-step hydrolysesigned to simulate stomach
and intestinal digestion in the GIM. Details of ihygeration are described lftamdanet
al. (2009)andMorales & Moyano (2010)In short, the acid phase of the digestion was
simulated in a closed chamber; after inclusion ufstrate (the feed was 2% of fish
body weight) HCI was added to achieve the desited200), this being followed by the
addition of crude enzymatic extract from fish stama After this time, the reaction
mixture was transferred to a semi-permeable mensbraactor formed by an inner
reaction chamber separated from an outer chambardiglysis membrane of 1,000 Da
MWCO (SpectraPor 6, Spectrum Medical Industriess Bmgeles, CA, USA). Crude
extract from pyloric caeca providing alkaline petes was added to the inner chamber

and the pH was gradually raised to 8.0 by pumpb@yrhmol I* borate buffer.
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The alkaline hydrolysis was maintained for 180 n#mino acids released
during this digestion phase passed across the na@@land were continuously removed
from the outer chamber by the continuous flow offdrucontrolled by a peristaltic
pump (0.5 ml mift). Different sampling points were established dyrialkaline
hydrolysis to measure the release of amino aciles@ were determined in dialysates

using theorthophthaldehydenethod(Churchet al, 1983)

Experiment 2.

Effect of protein/energy ratio on the diet of meage.

Production system
The trial lasted 45 days and was conducted in tbe@ecages (8 m of diameter),
divided into two sub-cage&igure 11). The test was carried out in the Port of Sagunto

(Valencia, Spain) with an average temperature d 16.

Figure 11.Sea cages wed in the trial.

Fish and experimental design
A group of 3000 fish were transported to the segesafrom a commercial
hatchery localized in France. In each sub-cageg westalled 500 fish with an initial

weight of 147 g.
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Diets and feeding

Three experimental diets were designed with diffeRE ratio (47/20, 51/18.5
and 55/17 CP/CL), using commercial ingredieftable 10. Diets were prepared by
cooking-extrusion processing with a semi-industtéh-screw extruder (CLEXTRAL
BC-45, St. Etienne, France). Processing conditiwase as follows: 100 rpm speed
screw, 110 °C temperature, 40-50 atm pressure amch 4liameter pellets, according to
fish size.

During the trial, the fish were fed the experimémtiets by hand twice daily
(09:00 and 17:00), and just once on Saturday (Q9d@estricted feeding rate of 2.5%

1

day-.

Table 10 Formulation and proximate composition of the ekpental diets P/E ratio

Diet
47/20 51/18 55/17

Ingredients (g k)
Fish meal, herring (5-02-000) 636 699 761
Wheat (4-05-268) 156 113 70
Maltodextrin 50 50 50
Fish oil (7-08-048) 138 118 99
AVitamin—mineral—-AA mix 20 20 20
Nutrient contents (% dry matter basis)
Dry matter (%) 91.9 91.94 91.4
Crude protein (%) 47.01 51.05 55.01
Crude lipid (%) 19.94 18.47 17.08
B

NFE (%) 19.01 15.605 12.19
Crude fibre (%) 0.84 0.683 0.52
Ash (%) 12.13 11.25 10.3
C ST

GE (MJ kg) 18.6 18.7 18.6
CP/GE (g MJ) 25,2 27.3 29.6

AVitamin mineral and amino acids mix (values aregd)k Premix: 5; Choline, 2; Dla-tocopherol, 1;
ascorbic acid, 1; (PO4)2Ca3, 1.Premix compositietinol acetate, 1,000,000 IU kgcalcipherol, 500
IU kg™ DL-a-tocopherol, 10; menadione sodium bisulphite, €h&min hydrochloride, 2.3; riboflavin,
2.3; pyridoxine hydrochloride,15; cyanocobalamif; Bicotinamide, 15; pantothenic acid, 6; folicdici
0.65; biotin, 0.07; ascorbic acid, 75; inositol,, bgtaine, 100; polypeptides, 12; Zn, 5; Se, 010B;5;
Fe, 0.2; CuO, 15; Mg, 5.75; Co, 0.02; Met, 1.2; Q¥8; Lys, 1.3; Arg, 0.6; Phe, 0.4; Trcp, 0.7; epic
1000 g (Dibag-Diproteg, S. A., Segovia, SpafiNFE calculated: 100 - %CP - %CL - %Ash - %CF.
CGE: Gross energy: Calculated using: 23.9 kpmteins, 39.8 kJ Ylipids and 17.6 kJ §carbohydrates.
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Statistical analysis

Growth data and nutritional parameters were treatadg multifactor analysis
of variance (ANOVA), introducing the initial live @ight as a covariatéSnedecor &
Cochran, 1971) The Newman-Keuls test was used to assess spdifférences among
diets at significance levels of P<0.05 significariesels (Statgraphics, Statistical
Graphics System, Version Plus 5.1, Herndon, ViggiiSA). Assays in experiment 2
were carried out in quintuplicate. Cumulated valokeamino acid in the dialysates were
plotted against time and fitted to straight ling® slope of which representing the rate
of amino acid released during the time of hydray$lrogressive liberations of amino

acids were subjected to ANOVA, using time as theacate.

RESULTS
Experiment 1.

Determination of the optimum digestible protein lewl for juvenile meagre

The meagre did not reveal problems of adaptationstoess during the
experiment. No significant differences in survivalhich ranged from 93% to 95%,
were observed between dietary treatments at thefetheé feeding trialTable 11).

Digestible protein level in diets had an effectgmowth with fish fed on a diet
including 53% DP reaching a significantly greateaf weight (191.8 g) than those fed
on 35% DP dietTable 11). Fish fed on diets 43% (2.47 x 1049% (2.57 x 16) and
53% DP (and 2.69 x 1Y) showed significantly higher values of TGC thashffed on
the 35% DP diet ( 2.14 x T In contrast, FCR was significantly higher inhfiied on
diet 35% and 43% DP than in those fed on the 53%lieP No significant differences
were observed among dietary treatments in the @l thoere is some differences in

digestible protein intake (DPI) being 35% dietst tikhowed the lowest DPI (0.67 g DPI
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100 g fish* day*) and 53% the highest (0.94 g DPI 100 g fistay') (Table 11). PER
was diminished according digestible protein levelswncreasing, fish fed 35% diet
presented significantly PER (3 g fish g DP intikéhan fish fed diet 53% (1.98 g fish g

DP intaké’).

Table 11.Effect of dietary protein level on growth and faddisation of meagré\rgyrosomus regius.

Diet

35% 43% 49% 53% SEM
Parameter
Initial weight (g) 53.3 50.7 51.5 52.8 9.26
Survival (%) 94.2 95.5 93.4 95.5 2.76
Final weight (g) 15038 173.6° 179.2° 191.8 7.86
ATGC x 10° 2.14° 2.47° 2.57 2.69 0.09
BFI (g 100 ¢ fish day?) 1.95 1.89 1.76 1.78 0.04
°DPI (g DP 100 d fish day") 0.67 0.8F 0.86 0.94 0.02
°FCR 1.24 1.08 0.99° 0.97° 0.05
*PER 2.20 2.27 2.19 2.05 0.1

Data in the same row with different superscriptffediat P<0.05. Initial weight was considerer as
covariable for final weight and TGEThermal Growth Coefficient TGC= 1000 x [Final weidi) “*-
Initial weight (g)**] /(T°= minimum T° to feed x days); Minimum T° to feed = 92.° Feed intake (%
day?) FI= 100 x feed consumption (g)/ average bioma$sc(days “Digestible Protein intake = Protein
intake / [days x average biomass (g)] x 19Beed conversion ratio FCR= feed offered (g)/ Weiggin
(9). EProtein efficiency ratio PER= Weight gain (g)/piiateffered (g).

Whole body composition and crude and digestiblegimoefficiency (CPE and
DPE, respectively) did no present differencEshle 12).

The apparent digestibility coefficients (ADCs) fdny matter, crude protein and
energy were significantly affected by crude protewel in diets as is shown ifable
13. Meagre fed on the 35% DP diet presented sigmifigdower values for these
parameters (69.7, 86.6 and 81.8%, respectivelylewio significant differences were

observed among the rest of diets.
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Table 12.Effect of dietary protein level on biometric paraere and body composition gkrgyrosomus
regiusthe end of the trial (day 62).

Diet

Initial 35% 43% 49% 53% SEM
Parameter
ACF 1.32 1.24 1.25 1.35 1.35 0.04
BVSI (%) 6.54 9.81 9.25 9.7 9.69 0.55
CHSI (%) 2.52 1.76 1.71 1.66 1.45 0.1
PMF (%) 0.00 3.03 3.43 3.35 3.37 0.14
DR (%) 70.15 68.49 69.36 67.78 70.24 0.81
Moisture (g kg 730.3 713.0 701.4 704.6 710.2 0.55
Crude Protein (g Kg) 161.0 177.5 182.7 181.6 182.0 0.21
Crude Lipid (g kg") 64.0 775 81.1 81.6 76.2 0.43
Ash (g kg" 37.0 28.7 35.8 32.6 29.8 0.28
FCPE (%) 41.3 43.0 41.7 39.2 1.68
SGEE (%) 31.1 36.7 39.7 38.7 2.22
"DPE (%) 47.6 45.0 42.9 40.21 1.88

Data in the same row with different superscriptfediat P<0.05” Condition factor CF = 100 x total
weight (g)/total length(cm). ® Viscerosomatic index (%) VSI = 100 x visceral weigt)/ fish weight (g)

© Hepatosomatic index (%) HIS = 100 x liver weighx {dish weight (g)° Mesenteric fat (%) MF = 100
X mesenteric fat weight (g)/fish weight (§)Dressout percentage (%) DR = 100 x [total fish \ueig
visceral-weight head weight (g)]/fish weight (§)Crude protein efficiency (%) CPE = Fish proteinrgai
(g) x 100/ crude protein intake (g¥.Gross energy efficiency (%) GEE = Fish energy o@if) x
100/energy intake (kJY.Digestible protein efficiency (%) DPE = Fish pratajain (g) x 100/ digestible
protein intake (g)

Table 13. Apparent digestibility coefficients (ADCs) of théets containing different protein levels for
juvenile Argyrosomus regius

Diet
35% 45% 49% 53% SEM
AADCys 69.74 80.8¢ 81.9f 78.98 2.03
BADC, 86.56 96.08 97.13 96.99 0.97
CADCE 81.88 94.22 95.48 93.92 0.91

Digestibility coefficients were determined by fag@malysis with the following formula: ADC (%) =00
x [1 - (marker in diet/marker in faeces) x (N ire¢a@s/N in diet)]; where N is the nutrieAADCys,
Apparent digestibility coefficients for dry matt&ADC,, Apparent digestibility coefficients for protein.
CADC¢, Apparent digestibility coefficients for energyaMes are presented as mean + 8B 2); means
with different superscript letters in the same owhudiffer significantly P <0.05).

The ammonia excretiorFigure 12) during the period analysed was lower in
fish fed with 35% DP (393 mg N-Nftkg fish 13 h) when compared to that measured

in fish fed on the 49% DP diet (466 mg N-NHkg fish 13 h). The maximum excretion
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in fish fed on 35% DP diet was measured at thiedur (73 mg N-NH'/kg fish h) while

that of fish fed the 49% diet was measured at thedir (94 mg N-NH'/kg fish h).

120

80

60 -x- Diet 35%

-¢- Diet 49%

40

Amonia Excretion (mg/kg fish/h)

20 -

H3 H5 H7 H9 H11 H13

Hours

-20 -

Figure 12. Variation of ammonia excretion with time in meadeel with 40% and 50% diets.(n=4).
Newman-keuls test (P<0.05). H (time of feeding); (téking of first sample).

The cost of the diets increased linearly with thgiotein contentKigure 17),
but no significant differences were found in thereamic conversion ratio (ECR).
However, a quadratic regression was obtained betvi€eR and DPI to minimized

ECR was 0.8 g DPI 100 g fidtday".

In vitro assessment of protein bioavailability in dets for juvenile meagre

Changes in the concentration of soluble proteirniwithe reaction chamber of
the GIM during alkaline phase of the hydrolysis detailed inFigure 13. A different
pattern of protein solubilisation was observed ttog diet including 53% DP which
showed a significantly lower initial value and &ady state during the course of the

reaction.
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Figure 13. Concentration of soluble protein (expressed as mygiithin the reaction chamber of the
GIM during the alkaline phase of the hydrolysis

The total amount of amino acids released afterattid and alkaline hydrolysis
performed by meagre proteases is detaileBigure 14. Significant differences were
found between the final amount of amino acids s#darom diets including 53% DP
and those including 43% or 35% DP. The slopes eflithes represented the rate of
amino acid release by enzyme hydrolysis and thepeoison of these slopes revealed
significant differences between the rate of amiow aelease from the diet including
49% DP and the group formed by diets 43% and 53%Sghificant differences were

also found between the values obtained with alldibes and the low value obtained.
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Figure 14. Total amount of amino acids released after acidadkaline hydrolysis performed by meagre
proteases (expressediasof amino acids).
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Figure 15. Correlation between values of ADC for protein ob&al in Experiment 1 for the different
diets and total amino acid release measured iGthk

The correlation between values of ADC for crudetegiro obtained for the
different diets Table 13 and total amino acid release measured in the Gl8hown in

Figure 15.
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Experiment 2

Effect of protein/energy ratio on the diet of meage.

At the end of trial, no significant differences time analyzed parameters were
reported Table 14, but although no significant differences wererfduthere was a
slight improvement in nutritional parameter, pobsidue to an increased protein
efficiency.

Table 14.Effect of the protein/energy ratio on growth ofagesArgyrosomus regius.

Diet

47120 51/18 55/17
Parameter
Initial weight (g) 147 147 147
Survival (%) 90.3 90.8 90.5
Final weight (g) 230 213 211
ATGC x 10° 3.85 3.15 3.06
BSGR % did 1.35 1.22 1.09
°FCR 1.96 2.39 2.54
PPER 1.17 0.89 0.76

Data in the same row with different superscripffediat P<0.05”Thermal Growth Coefficient TGC=
1000 x [Final weight (g}~ Initial weight (g)?] /(T°= minimum T° to feed x days); Minimum T° to feed
= 12 °C.PSpecific Growth Rate SGR= 100x In (Final Weigthildi Weigth)/days" Feed conversion

ratio FCR= feed offered (g)/ Weight gain (§Protein efficiency ratio PER= Weight gain (g)/ptiate
offered (Q).

DISCUSSION

Determination of the optimum digestible protein lewl for juvenile meagre.

Improved fish growth according to digestible protadietary is showed in
present experiment as in others carnivorous figtisp(Lee et al, 2002) The results
of the present trial showed the optimum digestipletein content in diets for
Argyrosomus regiusvas 43% and the optimal digestible protein intakses 0.80 g
DP/100 g fish and day, for the specific fish sind digestible energy dietary assayed.

According to these results, there was a tendendgd@ase growth as dietary

protein level increased. Only fish fed 35% DP pnésé significant differences in
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comparison with other treatments. However, incredigestible protein dietary level
above 43% may produce protein wasting. Other spaxfibigh growth such &eriola
dumerili (Tomaset al, 2008)also showed the same pattern in similar tests &hiails
greater environmental pollution due to increasedhamia excretion and an increase in
diets cost. This CP level (43%) coincides with timénimum ECR recommended
obtained by quadratic regression.

Meagre presented high growth and therefore it rieghl protein requirements.
Comparing with others fast-growing speci8griola quinqueradiatdWatanabeet al.,
2000) and Seriola dumerili(Tomaset al, 2008) presented similar digestible protein
intake requirement for maximum growth (0.8 g 1Gfhfiday") that those obtained in
present study with meagre. However, digestibleginotequirement oSeriola lalandi
(Booth et al.,2010) resulted higher (between 1.99 and 3.55 g fism 100 and 250 g
fish weight respectively) that the optimum digelgtiprotein intake obtained in present
trial.

The high levels of protein in the experimental sligtere based on previous
results obtained withrgyrosomus regiuand other carnivorous Sciaenids, emphasizing
the studies oSerrancet al. (1992) McGoogan & Gatlin (1999)Thomanet al (1999)
Chatzifotiset al. (2010)andPirozziet al (2010) In the present trial the SGR ranged
from 1.75-2.10% day, this being significantly lower in the diet incing 35% DP.
These growth rates were much higher than thosenaokdn other studies with this
species. In a test of the effect of lipid levelstiba growth ofArgyrosomus regiysising
diets with a high percentage of protein and at tmampires above 22 °C, the highest
SGR obtained was 0.4€hatzifotiset al, 2010) In another trial, with different levels
of plant proteins on the on-growing Afgyrosomus regiuand under a temperature of

about 22.9 °C, the SGR ranged from 1.31-1.82%'d#ys being significantly higher at
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the highest protein level&stevezet al, 2010) In Sciaenops ocellatugared at 28 °C
the values were similar to those obtained in thiseeiment (1.86-2.16% ddy, and
followed the pattern of higher SGR with higher ayafotein levels (44%()Thomanet
al., 1999)

The average value of TGC obtained with diets wh4B and 53% DP was 2.6
x10°2 (Figure 16), this being higher than those obtained@hatzifotiset al. (2012)in
this species (1.9 x19) and also higher in comparison with other maripecges such as
gilthead sea bream (1.72 x)0(Mayer et al, 2008) Sciaenops ocellatug.23 x10°)
(Thomanet al, 1999) Diplodus sargus(0.89 x10°) (Sa et al, 2008) and Sparus
macrocephalus(1.65 x10°) (Zhang et al, 2010) This rapid growth approves its

consolidation as a viable alternative for theirdarction in marine sea cages.
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Figure 16. TGC of A. regiusl in the present trial, comparedl, regius2 (Chatzifotiset al, 2011) S.
ocellatus(Thomanet al, 1999)andD. sargus(Séaet al.,2008)

Feed intake showed no significant differences, dvax 35% diet showed the
lowest DE, but the reduction of digestible energl/ribt increase the feed consumption,

which was offered of apparent satiation as it hasnbsuggested daily feed intake is
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negatively correlated with the dietary QEee et al, 2002) This being the case of red
drum fed with different levels of protein and engrg/hich did not significantly affect
feed intakg Thomanet al,, 1999)

The FCR was better in fish fed 49% and 53% dietzofding toChatzifotiset
al. (2012) the FCR for the two assayed diets containinghigbest protein levels were
similar to those in 49 and 53% diets, but highantB5 and 43% diets. Likewise, in this
same species, but with different levels of plamt@ns,Estevezet al (2010)found that
the FCR fluctuated between 1.33 and 1.88. Howetler, worst value obtained in
meagre fed with 35% diet (1.24) was lower than ¢habtained by the authors
mentioned above.

Digestibility data are important to the fish nutitist because the nutrients
contain in poorly digested ingredients are lessilavi@ to support growth and
metabolism than those in better-digested ingrediehsimilar compositionéLi et al,
2004; Zhanget al, 2010) The apparent digestibility coefficients (ACDs) tbe diets
containing different protein levels for juvenifergyrosomus regiyswas significantly
higher in diets from 43 to 53%, reaching valuesaupCDr (97.6%). Results obtained
in the present work may largely could to explainthe use of high levels of fish meal.
This protein source, which is generally incorpodadé levels between 30% and 60% in
feeds for carnivorous marine figwang et al, 2006) has a high protein content,
excellent amino acid profile, good nutrient digedity and no antinutritional
compoundgGatlin 1l et al, 2007).These results may be due to a lower fishmeal ¢496
kg™!) content and higher wheat content (380 g'kghat reduced digestibility and
growth. Estévezet al (2010)showed that plant proteins can be used in dietméagre
in amounts as high as 315 gkeof total protein without affecting growth or feed

utilization. These protein digestibility values dvgher than those obtained in other fish
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such asSparus macrocephal®6 - 93% byZhanget al (2010) in Gadus morhua6 —
88% (Gridale-Hellandet al, 2008) in Seriola dumerili78 — 82%(Takakuwaet al.,
2006)and inLabeo rohita85% (Singhet al, 2005) However, in present study, faeces
were recollected by settlement in column methodlaadhing of nutrients from faeces
collected could be occur, resulting higher ADCsntliya others methods as stripping
(Vandenberg & De La Noue, 200I)hese results can be in an overestimation of the
apparent digestibility coefficients.

The lower growth joined with the poorest ACD foofmin obtained in diet 35%
(TGC 2.14 x 10 and 86%) could be due to the high wheat conteB86¥ diet Table
9) as according tdMartinez-Llorenset al. (2012) wheat forms complexes with the
proteins that produce intestinal viscosity and dish the digestion of amino acids in
carnivorous fish. High carbohydrate and fibre conhteave also been noted and it is
known that high-fibre diets lead to low protein ekgjbility as the decreased gut transit
time causes incomplete digestion and absorpiiabling, 1981; Martinez-Llorenst
al., 2012) Furthermore, both gross and digestible energyectrof 35% diet shows a
reduction as a result of the high fibre contentd ammilar results have been seen in
others experimenid.ee, 2002; McGoogan & Reigh, 1996)

From these results the optimal protein level farwgh in the meagre may be
said to be close to 43%, somewhat lower than tBé ¥8lue established byhatzifotis
et al (2012)in juveniles of 23 g. In carnivorous fish, thenease in dietary protein has
been often associated with higher growth ratesesitits component provides the
essential amino acid building blocks for proteimtgesisiMcGoogan & Gatlin, 1999)
According toSerrancet al (1992)the optimum crude protein level to maximize growth
in Sciaenops ocellatugras 40% bufThomanet al (1999)and Turanoet al (2002)

recommended 44% of crude protein to optimize growthother marine species, the
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optimum protein level for carnivorous marine fistuych as black sea brea®p@rus
macrocephaluswould be 41.4%Zhanget al, 2010) in Atlantic cod (Gadus morhup
54 % CP(Hatlenet al, 2007) in Epinephelus coioide48% CP(Luo et al.,2004) in
Pike Perch$ander lucioperca54.9% CRSchulzet al.,2007) and in Malabar grouper
(Epinephelus malabaricyi®5% CP(Tuanet al.,2007)

High levels of protein in marine carnivores genefaigh growth rates, but it is
very important to determine the optimal values fish species, since an excess of
dietary amino acids may not be absorbed from thstrgatestinal tract, or are
metabolically derived to deamination, this reduciiegd efficiency and increasing
ammonia productiofMcGoogan & Gatlin 11, 1999)In this trial, ammonia production
was only assessed in two diets (35% and 49% DP)tladesults showed a lower
ammonia excretion for the lower dietary proteinele\Based on the results obtained
with respect to ammonia excretion, growth paranseter vivo digestibility and
retention, the optimum dietary protein level wobklbetween 43 and 49% DP. The use
of a higher protein level such as 53% DP produchketize effects, for example, higher
ammonia excretion in comparison to the lower protevels (43 — 49%) and there was
no evidence of any increase on fish growth. Proteiihe main source of feed cost and
the high production of ammonia not only affectst diest but also fish health, because
ammonia is the most toxic factor in aquacultkécGoogan & Gatlin Ill, 1999)
According to Webb & Gatlin 11l (2003)S. ocellatusobtained a similar ammonia
excretion to meagre with a 43% DP (82.4 mg N- NzNkg fish h). Although, the total
ammonia excretion in meagre over 13 hours was highe diet of 35% DP (393 mg N-
NH,"/kg fish) and in diet 49% DP (466 mg N-Nlkg fish) in relation to sea bass (233

mg N-NH;"/kg fish day) fed with 44% DPTulli et al, 2007)
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Figure 17. Quadratic regression optimum digestible proteireldar ECR depending on dietary protein
level %. Estadistical differences were not foundB@R. Calculated from price of ingredients: Fish
meal=1.38 € ki; Soybean meal=0.32 € KgWheat= 0.154 € Kg; Fish 0il=0.78 € kg"; Vit-Min—AA
Mix=7.5 € kg*. ECR (€ kg@" fish) = feed conversion ratio (kg diet Kfish)*price of diet (€ kg" diet).

The results show that the protein levels for fistl fliets significantly influence
the ECR, with the best values being obtained fetsdof 43 and 49%. However, in
accordance with the polynomial regression, thenagitilevel for the ECR was 47%
crude proteinFigure 17). This finding is of great interest, as there weoesignificant
differences in final weight of meagre fed up to 48#ét. This 47% protein diet is
recommended because of the necessity to optimize ¢ests during all aspects of
culture and on account of its potential for nuttissgquirements. According thoman
et al. (1999) dietary protein is the high cost nutrient in aguace feed and the
incorrect use of the same may cause water qualdlems in culture systems. The
optimization of dietary protein levels makes it pibte to adapt feed costs and nitrogen
loads to the production medium. On the basis ofdheriteria, researchers and
producers are interested in optimizing protein eohtn diets for different species used
in aguaculture in order to reduce production cAstish respect to protein retention it is
also necessary to consider the digestibility ofifegredients and the protein content of
the diet in addition to the amino acid balances thedrelation between dietary energy

and protein ratios.

113



Capitulo 5 Optimum Protein Level

In vitro assessment of protein bioavailability in dets for juvenile meagre

In vitro digestibility assays are increasingly used in itatral studies in fish
(Haardet al, 1996; Bassompierret al, 1997; Moyano & Savoie, 2001; Hamdeatnal.,
2009; Morales & Moyano, 2010; Saeetzal, 2011)since they are rapid, safe, and do
not have the ethical restrictions @i vivo methods. However, their use is still
constrained by the need to correlate the resultairdd with those assays and data
obtainedin vivo. In the present work, the bioaccessibility of pmtin the experimental
diets by digestive enzymes of the meagre and ithdu release of amino acids was
estimated under pH conditions resembling thosetiagisn the fish gut and the values
were correlated to those obtained afitevivo protein digestibility assays.

As the susceptibility of proteins to enzymatic rofgsis by digestive proteases
depends on a number of factors such as their dityyistructural complexity and amino
acid composition(Sadenzet al, 2011) protein solubilization was the first parameter
assessed in the present work. Results showedhabtubilization of protein in the diet
including 53% CP was significantly lower during tivst hour than that observed in the
rest of dietsKigure 13). This should be related to its greater conteritsbf meal, a raw
source composed by muscle proteins (actin, myosin)subproducts of their
degradation, as well as by collagen, all of whittoveing a great variability in its
composition (Morales & Moyano, 2010) When taking into account that the
bioaccessibility of a given substrate to the actioi digestive proteases is the
preliminary step required for hydrolysi8larcon et al, 2002) this reduced solubility
during the initial stages of the assay resulted acomparatively lower release of amino
acids at the end of the experiment. However, sSicamt differences were obtained
between the amount of amino acids released fromisfeentaining 35 and 49% DP,

while values measured for the 43% DP diet weranmegliate. In this way, in spite of
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the very low number of data, a clear correlatiotween the values of amino acid
bioavailability and ADC for protein was obtainegiqure 15). Although a number of
studies have evaluated differe@ntvitro assays aimed at testing protein digestibility or
nutritional quality for aquafeed ingredieni®imes et al, 1994; Bassompierret al,
1997; Bassompierret al, 1998; Tonheimet al, 2007) very few of these have
attempted to correlate their results to those obthin vivo. Rungruangsak-Torrisseat

al. (2002)found a good correlation between data of protgurdilysis of different fish
meals by fish enzymes with results obtained withivo digestibility assays performed
in mink. Tibbets et al (2011) also suggested good correlations between values of
protein hydrolysis measured with pH-stat in différ@rotein sources and their ADCs
for protein values determined in cod. However, ¢hesrrelations were only found when
considering a wide range of different plant andreali proteins with quite different
ADC for protein, but not when the diets assayedv&tbsuch small variations in protein
content orin vivo digestibility values as those determined in thespnt study. The
absence of a total coincidence with values of motigestibility determinedn vivo,
which showed the higher value in the case of tle¢ dith the higher protein content,
may be explained taking into account that thevitro assay only simulated the
hydrolysis of protein, but not further intestindisarption of amino acids. This may be a
very important factor determining the final baladeligested protein. Furthermore, the
time used for the assay (240 min) is far from tbmlttime available for complete
digestion in fish and this may also affect the Ifiresult. In spite of these limitations,
there may be seen to be a reasonable correlatiovede both types of data and the
refining of this technique could well prove to bevary interesting tool within
nutritional studies, and particularly in new fispesies with a limited availability of

specimens, like the meagre.
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CONCLUSION
In summary, in accordance to fish size assayedreguirement for meagre was
0.8 g DP/100g fish and day in diets containing 20.Pkg* of DE, obtained with this

DPI the best ECR.
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INTRODUCTION

The species belonging to the Scianidae family aslécted to the present
experiment isArgyrosomus regiuknown as Meagre, is a good candidate for the
diversification on commercial aquaculture in Med@®ean and Eastern Atlantic for its
good flesh and growth rat@l-Sheblyet al, 2007; Rooet al, 2010; Duncaret al,
2012)

The meagre produced in floating cages has showd gamagemer{liménezt
al., 2005)and high growth rate, reaching 1 kg in 10-13 mei(@alderdnet al, 1997;
Roo et al, 2010) Limited information about the optimal feeding mitibnal
requirements of meagre is available, it only exstsecent study of dietary lipid
requirementgChatzifotiset al, 2010) Likewise the effects of different levels of plant
proteins on the ongrowing of meagre have been edudery recentlyEstévezet al.,
2010)

Increase of aquaculture production around the walpends upon the
development of sustainable protein sources to cediah meal in aquafeeds. Fish meal
is generally incorporated at levels between 30% @& in feeds for carnivorous
marine fish(Wanget al, 2006a) Aquaculture production demands more and more
alternative proteins to substitute fish meal. Thesals should not have good amino
acids profiles, but also lower prices than fish hteareduce the production cost. The
alternative meals should be highly digestible protources of plant and/or animal
origin that support similar fisperformance and concurrently have no adverse sffect
upon the environmeriMurrayet al, 2010)

Defatted soybean meal (standard toasted and sedxénatcted, SB) is the most
used vegetable meal in aquafeeds, because isedyvadailable, economical protein

source with relatively high digestible protein amkrgy contents and good amino acid
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profile (Wanget al, 2006b) The use of defatted soybean protein as a digtartgin
has been examined for many commercial importanimadish species such as cobia
(Rachycentron canadym(Zhou et al, 2005) Mediterranean yellowtail Seriola
dumeril) (Tomaset al, 2005) European sea basBi¢entrarchus labrak (Tibaldi et
al., 2006) Sharpsnout seabrearDiflodus puntazzo(Hernandezet al, 2007) and
gilthead sea breansparus aurata(Martinez-Llorenset al, 2009)

Soybean meal has a different acceptance in othraivoaous sciaenid species,
both qualitatively and quantitatively, but therens information available on meagre. In
the Sciaenidae family SB meal has been testedfereint specied\Nibea miichthioides
has a limited ability to utilize SB as a proteirusze in practical feedé/Vanget al,
2006b) and Sciaenops ocellatugained much weight with diets containing 50% of
protein from soybean medMcGoogan & Gatlin, 1997; Reigh & Ellis, 199Z)hese
results indicate a considerable variation in thiditgtof different species of the same
family to utilize SB protein as an alternative ighfprotein in the diet.

The aim of this trial was to determinate the optiminclusion level of deffated
soybean meal (SB) in experimental diets for medgreregiug, to maximize growth,
feed efficiency parameters and amino acid retentod relate it with economic

analysis.

MATERIALS AND METHODS

Experimental setup

The trial was conducted in 8 octagonal concretksa000 L) inside a

recirculated seawater system at the aquaculturerdadry of Animal Science

Department at the Polytechnic University of ValencjValencia, Spain). The tanks
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were set up in a marine water recirculation sys(éBnt of capacity) with a rotary
mechanic filter and a gravity biofilter of aroundr capacity. All tanks were equipped
with aeration and water was heated by a heat pumstalied in the system. The
equipments used to control water parameters werexgrmeter (OxyGuard, Handy
Polaris V 1.26), a refractometer with 0 - 100 §range (Zuzi, A67410) and a kit using
the colorimetric method to determinate nitrate, amia and nitrite concentrations. The
kits were obtained from AquaMerck (Merck KGaA, Datadt, Germany). During the
trial, the water temperature (23+1°C) and dissoleaggen (7+0.5 mg t) were
measured daily. Salinity (33+1 g, pH (7.3+0.5), NH" (0.0 mg '), NO, (0.34+0.2
mg L) and NQ (46.1+3.7 mg [}) were measured three times a week. Photoperiod
was natural throughout the experimental period, athdanks had similar lighting

conditions.

Fish and experimental design

The fish were transported to the experimental itéesl of Polytechnic University
of Valencia from a commercial hatchery localized=nance. The fish were acclimated
to the experimental conditions and fed a commenietl (47% of crude protein (CP),
20% of crude lipid (CL), 5.8% Ash and 1.5% crudwdi(CF), Skretting, Spain.

The trial was divided into two phases: phase (i, éxperiment lasted 107 days
(from December 2009 to March 2010). A group of 880, 165 g in mean weight, were
distributed in 8 tanks; two replicates per treatmesmre randomly selected. The
experiment finished when fish doubled the initigdight. All fish were weighed every
5-6 weeks, approximately. Previously, fish wereestiaetised with 30 mg™t of clove
oil (Guinam&, Valencia, Spain) containing 87% of eugenol. Tisk fvere not fed for

24 hours before weighing.
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At the beginning 16 fish per tank and the end &8 per tank, were slaughtered
by a thermo shock in a melting ice bath, to deteerbody composition and biometric
parameters and were stored at -30 °C to deternmmenpate and amino acid body
composition.

The phase (Il), lasted 26 days (from April 2010May 2010). This experiment
was developed using the same methodology of theePhavith an initial weight of 345

g fish and mean temperature of 21.3 °C.

Diets and feeding

Four isoproteic (50% CP) and isolipidic diets (1%%) were formulated using
commercial ingredientsT@ble 15, in which defatted SB was included at 0, 15, 80 a
45% (Table 16). Diets were prepared by cooking-extrusion praogssvith a semi-
industrial twin-screw extruder (CLEXTRAL BC-45, Sttienne, France). Processing
conditions were as follows: 100 rpm speed screw) 90 temperature, 30-40 atm
pressure and 3 and 6 mm diameter pellets, accotdifigh size. Each experimental diet
was tested in duplicate tanks. Fish were fed bydhance a day to apparent satiation

from Monday to Saturday. Pellets were distributiesvly, allowing all fish to eat.

Table 15.Proximate composition of ingredients used in expenital diets

Ingredients

Fish meal, herring Wheat  Soybean meal
International Feed N° (5-02-000) (4-05-268)(5-04-604)
Nutrient contents (% dry matter basis)
Dry matter (%) 91.9 87.7 89.35
Crude protein (% DM) 72.4 10.6 45.28
Crude lipid (% DM) 9.6 15 1.61
Crude fibre (% DM) 0.3 4.2 5.6
Ash (% DM) 15.8 1.6 7.7
ANFE (% DM) 1.9 82.1 39.81

NFE was calculated = 100 - %CP - %CL - %Ash - %CF.
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Table 16.Formula and proximate composition of the experirakdiets.

Diet

0 15 30 45
Ingredients (g kd)
Fish mealherring (5-02-000) 660 576 493 407
Soybean meal (5-04-604) 0 150 300 450
Wheat (4-05-268) 216 144 70 0
Fish oil (7-08-048) 104 110 117 123
AVitamin—mineral Mix 20 20 20 20
Nutrient contents (% dry matter basis)
Dry matter 91.9 91.31 90.09 90.41
Crude protein (%CP) 50.43 50.13 50 50.98
Crude lipid (%CL) 17.78 17.94 18.09 17.42
Ash (%) 11.17 11.22 10.95 10.55
Crude fibre (%CF) 1.11 1.62 2.12 2.64
Calculated values
ENFE 19.51 19.09 18.84 18.41
CGE (MJ kg?) 22.57 22.48 22.34 22.36
CP/GE (g MY 22.35 22.3 22.38 22.8
Essential amino acid content calculated (g*)0
Arginine 4.19 4.13 4.07 4.00
Histidine 1.82 1.75 1.68 1.61
Isoleucine 2.43 2.44 2.45 2.46
Leucine 3.90 3.92 3.94 3.95
Lysine 3.00 3.00 3.01 3.00
Methionine 1.10 1.04 0.99 0.92
Phenylalanine 3.38 3.29 3.21 3.11
Threonine 2.45 2.39 2.33 2.27
Valine 2.66 2.65 2.64 2.62
Non essential amino acid content calculated (g 4)0
Alanine 3.03 2.94 2.84 2.74
Aspartate 4.31 4.59 4.87 5.14
Cystine 0.73 0.72 0.71 0.69
Glutamine 6.66 7.09 7.51 7.93
Glycine 3.65 3.48 3.31 3.13
Proline 4.93 4.60 4.27 3.92
Serine 2.09 2.14 2.20 2.25
Tyrosine 2.41 2.28 2.16 2.03
EAA/NEAA 0.90 0.88 0.87 0.86

AVitamin mineral and amino acids mix (values areg)k Premix: 5; Choline, 2; Dla-tocopherol, 1;
ascorbic acid, 1; (PO4)2Ca3, 1.Premix compositietinol acetate, 1,000,000 IU kgcalcipherol, 500
IU kg™ DL-a-tocopherol, 10; menadione sodium bisulphite, €h&min hydrochloride, 2.3; riboflavin,
2.3; pyridoxine hydrochloride,15; cyanocobalamif; Bicotinamide, 15; pantothenic acid, 6; folicdhci
0.65; biotin, 0.07; ascorbic acid, 75; inositol,, betaine, 100; polypeptides, 12; Zn, 5; Se, 010B;5;
Fe, 0.2; CuO, 15; Mg, 5.75; Co, 0.02; Met, 1.2; Q¥8; Lys, 1.3; Arg, 0.6; Phe, 0.4; Trcp, 0.7; epic
1000 g (Dibag-Diproteg, S. A., Segovia, SpafyFE calculated =100-%CP-%CL-%Ash-%CFE:
Gross energy Calculated using= 23.9 BJpgoteins. 39.8 kJ ¢ lipids and 17.6 kJ§ carbohydrates.
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Proximate composition and amino acid analysis

Chemical analyses of the dietary ingredients westerchined prior to diet
formulation. Diets and their ingredients as well tag whole fish were analysed
according toAOAC (1990) procedures: dry matter (105 °C to constant weigigh
(incinerated at 550 °C to constant weight), crudegin (N x 6.25) by the Kjeldahl
method after an acid digestion (Kjeltec 2300 AutmaWser, Tecator Hbganas,
Sweden), crude lipid extracted with methyl-ethesxi®c 1043 extraction unit, Tecator)
and crude fibre by acid and basic digestion (Fdze@ystem M., 1020 Hot Estractor,

Tecator). All analyses were performed in triplicate

The amino acid content in diets and whole body ludse |, were determined
after acid hydrolysis with HCL 6N at 110 °C for B3as previously describétbschet
al. (2006) through a Waters (Milford, MA, USA) HPLC systeronsisting of two
pumps (Mod. 515, Waters), an autosampler (Mod. Waters), a fluorescence detector
(Mod. 474, Waters) and a temperature control modieinobutyric acid was added as
internal standard after hydrolysation. The aminmsevere derivatised with AQC (6-
aminoquinolyl-N-hydroxysuccinimidyl carbamate) aseparated with a C-18 reverse-
phase column Waters Acc. Tag (150 mm x 3.9 mm).hMaine and Cystine were
determined separately as methionine sulphone arsteicyacid respectively after

performic acid oxidation followed by acid hydrolysi

Economic analysis

The price of each diet was determined by multiglyithe respective
contributions of each feed ingredient by their sxdjve costs per kg and summing the
values obtained for all the ingredients in eachthaf formulated diets. The used raw

material prices were the average prices in FAO GEBBH (January 2010), Instituto
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Técnico y de Gestion Ganadero, S.A and “Mercada®@gnentarios” (Official FOB
prices). The price of each ingredient (January POAas: Fish meal=1.38 € Kg
Defatted soybean meal= 0.321 €'k§jVheat meal= 0.154 € KgFish oil= 0.780 € kJ;
Vit-Min Mix= 7.50 € kg™.

The Economic Conversion Ratio (ECR) was used téuatea the diets from an
economic point of view and it was calculated foliogvthe expression:

ECR (€ kg' fish) = feed conversion ratio (kg diet Kish) x price of diet (€ kgdiet)]

Statistical analysis

Growth data and nutritive parameters were treasaigumultifactor analysis of
variance (ANOVA), introducing the initial live weiy as covariate(Snedecor &
Cochran, 1971)Newman-Keuls test was used to assess specifer@lices among diets
at a significance levels of P < 0.05 significareeels (Statgraphics, Statistical Graphics
System, Version Plus 5.1, Herndon, Virginia, USA).

Quadratic regression analyses were applied, whaeifc growth rate (SGR)
and feed conversion ratio (FCR) were a functiors@fbean meal (SB) dietary level
using the expression:

Y=a + b(SB) + c(SB)

Optimum soybean meal dietary level was obtaineddswing this equation and
equalising to zero. All experiments were carried @zcording to the rules or protocols

of the Animal Welfare Commission at the PolytecHdraversity of Valencia.
RESULTS

The composition of test diets including dry mat@P, CL, ash and gross energy

(GE) was similar Table 16). The essential amino acid (EAA) profiles of thetsl were

133



Capitilo 6 Inclusion Level of Defatted Soybean Meal

variable Table 16), Arg, His, Met, Phe and Thr decreased accordin§B increased in
the diets and the opposite trend was observedeanigh and Leu content. The Lys
content was similar in all diet. In relation to neassential amino acids (NEAA), the
dietary content of Asp and Glu were increased alingrto dietary level of SB. The
relation EAA/NEAA also diminished with dietary sadn meal level until 0.86.

No significant difference was observed in finalvéual (that it was around 84%
+ 10.61). The meagre did not present adaptatiobl@nos nor exhibit stress behaviour.
At the end of the trial, in the firpthase a significant effect of soybean meal inclusio
was observed on fish growtfigble 17). Meagre fed diets 15 and 30 obtained the
highest final weight (380 and 385 g, respectivelje final weight of fish fed diet 45
was also higher (360 g), than fish fed diet 0 (§33d.ikewise, fish fed diet 15 and 30
obtained significantly higher Thermal Growth Coeifint (TGC) (3.10 x 18 and 3.15
x 10°, respectively) than fish fed 45 diet (2.87 x>L@&nd fish fed the O diet that

obtained the lowest TGC (2.56 x 30

Table 17.Main performances of meagre fed increasing levetiatary soybean meal

Diet in phase | Diet in phase Il
0 15 30 45 SEM 0 15 30 45 SEM

Parameter
Inicial weight (g) 164 166 166 165 3.84 355 334.740% 353.7 6.17

Final weight (g) 333 380 385 360 1.2 518.8 529.02 533.05 526.78 15.71

ATGC x 10° 256 310 3.15 287 0.144 34 4 3.9 35 0
BF1 (% day?) 079 090 095 0.89 003 131 134 141 127 0.07
°FCR 130 134 143 145 005 (®910.79 0.84> 0.85° 0.02
PPER 153 149 140 1.36 0.05 217252 239 229 0.05

Means of duplicate groups. Data on the same row shatring a common superscript letter are
significantly different different (P < 0.05). SENPooled standard error of the mean. Initial weightw
considered as covariable for final weight and TGThermal Growth Coefficient TGC= 1000 x [Final
weight (g)'*- Initial weight (g)*] /(T°~ minimum T° to feed x days); Minimum T° to feed = 9@.°
Feed intake (% day Fl= 100 x feed consumption (g)/ average biomgpx daysFeed conversion ratio
FCR = feed offered (g)/ Weight gain (§Protein eficiency ratio PER = Weight gain (g)/pioteffered

(9)-
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Regarding nutritional parameters, the daily feddka, the feed conversion rate
(FCR) and the protein efficiency (PER) ratio wera different for all the dietsT@ble
17).

The second phase (day 26) showed higher growthithtre first phase, and no
significant differences were observed in live weighd CTC among treatmeniBaple
17), but in the FCR and PER were significanttly brette fish fed 15% soybean meal
(0.79 and 2.52, respectively).

With the aim to determinate the SB dietary levdiattmaximizing the fish
growth, a second-order polynomial regression amalyss assessed and the equation
that describes the relationship between TGC andlibiary SB level is expressed in
Figure 18 based on the above polynomial equation, the poiakimum of this
quadratic curve is the dietary SB level to maximize TGC (26.4% SB). Likewise,
Figure 18shows the second-polynomial regression between &@Rdietary level SB
and the SB level that obtain the minimum FCR resut7.6% SB.

Biometric parameters and body composition wereafigicted by experimental
diets Table 18. Significant differences were not observed in lghwody composition.
The energy retention (GEE) resulted similar intedited diets with values between 24
and 25.7%. Neither, significant differences wereeslied among diets in the efficiency
of protein (CPE), between 27.6 and 30.6%.

Biometric parameters and body compositidialfle 18, were not affected by
the experimental diets, except the hepatosomadexiiiiHS) in Diet 45 (1.57%), during

the phase Il.
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TGC = 2.53x10°+ 4.95544x10°xSB-9,37562x10 'xSB* 26.42
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Figure 18. Optimum dietary soybean meal level for TGC and Fi&Rending on dietary soybean meal
obtaining by quadratic regression.

Table 18.Biometric indices and proximate composition (expegsas percentage of wet weight)/Aof
regiusfed increasindevels of ®ybean meal.

Diet of phase | Diet of phase I

0 15 30 45 SEM 0 15 30 45 SEM
Parameter
ACF 111 118 117 116 0.02 135 1.38 1.31 1.31380.
BVSI (%) 6.12 577 549 6.02 024 88 837 873 8.28.39
CHSI (%) 196 16 158 161 011 2%3212 247 157 0.16
PMF (%) 243 253 233 248 016 143 164 145 1.40.16
EDP (%) 70.33 709 7056 69.17 0.84 89.04 87.88 89.1.88B7 1.06
FMI (%) 58.76 60.75 58.39 59.39 1.44 60.74 60.31 462.60.01 1.43
Moisture (%) 7405 7262 718 719 055 7067 71 .591 70.83 0.47
Crude Protein (%
ww) 17.37 17.95 186 17.37 0.37 17.68 18.49 17.46 18.446
Crude Lipid (% ww) 65 663 681 764 025 773 375675 7.66 0.46
Ash (% ww) 245 265 312 257 019 263 272 26278 0.16
SCPE (%) 29.7 304 306 276 1.83 34.94 48.31 39.28.27 3.51
HGEE (%) 240 248 254 257 133 - - - - -

The data are the mean (n=10) £ SEM. Data in theesam with different superscripts differ at P <®.0
ACondition factor CF = 100 x total weight (g)/totahgtt? (cm).Viscerosomatic index (%) VSI = 100 x
visceral weight (g)/ Fish weight (fJHepatosomatic index (%) HIS = 100 x liver weighk (&ish weight
(9). "Mesenteric fat (%) MF = 100 x mesenteric fat wei)tfish weight (g)*Dressout percentage (%)
DP = 100 x [total fish weight (g)-visceral weiglf){head weight (g)]/ fish weight (giMeat index (%)
MI = 100 x meat weight (g)/fish weight (djCrude protein efficiency (%) CPE = Fish proteinmgi) x
100/ protein intake (g}'Gross energy efficiency (%) GEE = Fish energy d&il) x 100/energy intake
(kJ).
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Figure 19. Ingestion of essential amino acids (EAA) in eakpezimental diet expressed as g per 100 g
of fish and day. Each value is the mean of dumicabups. Different superscripts indicated diffePa<
0.05.

The ingestion of essential amino acids (expressegl AA x 100g' of fish and
day) did not showed significant differences witk thiets Figure 19). Overall, the Met
intake was the lowest (from 0.8 to 1.24 g AA x 18@g fish and day) followed the His
intake (from 1.9 to 2.1g AA x 100gof fish and day) and the Lys and Leu intake were

higher than the others amino acids intake (Upp&gt&\A x 100g" of fish and day in
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the four experimental diets}igure 20 is showed the retention efficiency (%) of
essential amino acids of fish fed with the expentak diets at the end of the
experiment. The His was the amino acids with theekt retention efficiency (25% of
average) and the Thr presented the highest rete(@round of 35%) following by Arg
(34%) and Lys and Met (32%). There were no sigaiftcdifferences of amino acids
efficiency retention among diets. Ratio betweenialieEAA level of experimental diets
and EAA in the carcass was calculated (expressethBAAgi/%EAAqsn) and the
results are showed iRigure 22 The His presented the upper value of this ratppéu
to 130%), and Arg, Lys, Met and Thr presented #t®below to 100%. No differences
were observed in ratio %EARIYEAAs4 in relation to diets, with a exception of Met
that presented the lowest ratio in diet 30 andribthe highest in the O diet.

Regarding to economic analyses of the diets, tisé @lodiets was reduced with
the increase of soybean meal in digitalle 19. Phase kignificant differences were
showed in the economic conversion ratio (ECR), wed higher in control diet (diet 0)

than in the others diets.

Table 19.Global results of economic parameters at the entdeoéxperiment

Diet
S0 S15 S30 S45 SEM
Parameter
ACost of diet (€ Kgh) 1.18 1.10 1.03 0.95
BECR (€ Kg™) Phase | 2.3 1.5¢ 1.558 1.47 0.06
ECR (€ Kg?) Phase Il 1.07 0.86 0.86 0.8 0.04

Data in the same row with different superscripféediat P < 0.05"Calculated from price of ingredients:
Fish meal=1.38 € Kg; Soybean meal=0.32 € KgWheat= 0.154 € kg; Fish 0il=0.78 € kg Vit—-Min—
AA Mix=7.5 € kg™ . BEconomic conversion rati&CR (€ kg* fish) = feed conversion ratio (kg diet
kg *fish)*price of diet (€ kg" diet).
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Figure 20. Retention efficiency (%) of essential amino adid#\. regiusfed with the experimental diets at the end ofékperiment. Each value is the mean of duplicate
groups. Different superscripts indicated diffePat 0.05. Retention of ingested protein (%) = Ristino acid gain (g)/ ingested amino acids (g) x.100
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DISCUSSION

The results of the present trial show that the meeaghibits a high growth, with
TGC around 3.00 xIf) greater than other marine species such as gilteea bream
with TGC average of 1.72 xF0(Mayer et al, 2008) and others scianids as
Argyrosomus japonicu@irozziet al, 2009)feed with commercials diets (1.46 X0
Likewise the TGC in present trial were also higtiext TGC recalculated by the growth
results obtained biZalderonet al (1997)with A. regiusfeeding with pelletized diets
(2.02 x10%), Estevezet al (2010) feeding A. regius with experimental diet with
extruded commercial diet (1.73 x3)0and byEIl-Sheblyet al. (2007)(1.78 x10%) with

feed based in tilapia and shrimp.

—a— A.regius — x— Sparus aurata — —-o— — N. miichthioides - -+- - Sciaenops ocellatus + -e#- - Sciaenops ocellatus 2——e—— Seriola dumerili
3,5

25
I
S e R T T I ST +

B c S

15

0,5

0

0% 10% 20% 30% 40% 50% 60% 70% 80%
] o Dietary soybean level %
Figure 21. TGC of A. regiusin the present trial, compare8parus aurata(Martinez-Llorenset al,

2009) N. miichthioides(Wang et al, 2006) Sciaenops ocellatus (McGoogan & Gatlin Ill, 1997)
Sciaenops ocellatua(Reigh & Ellis, 1992)andSeriola dumeril{Tomaset al, 2005)

The diets with 15 or 30% of SB obtained the bastlfiveight and TGC (385 g
and 3.15 x 18, respectively) in phase | and 45% (527 g and 3®°xrespectively) in
phase IlI, but the optimum soybean inclusion ingdfer A. regiuswas 27% for both,

growth and feed conversiorkigure 21 it is showed the TGC obtained in this
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experiment compared with different marine spechest tvere feeding with different
levels of plant proteins in diets. Despite de kremigie of meagre nutrition is limited
there are a few feeding studies in fish of thersdmfamily. The studies made lyang

et al (2006b)recommended soybean meal dietary level below 4%bo(of fish meal
substitution) in diets for cuneate drum, since exagg this level produced a detriment
in the fish growth. Higher levels of dietary soybaaeal were recommended for other
scianids asSciaenops ocelatugpr exampleMcGoogan & Gatlin (1997pbtained a
good growth results when soybean meal was incladei6% in diets and in the same
species,Reigh & Ellis (1992)also observed that the 70% of soybean meal dietary
inclusion did not affected negatively to fish growRegarding to replaces fish meal
with a vegetable protein mixturegstevezet al (2010) fed A. regius with four
experimental diets with two inclusion levels (421d&2%, those represented the 315 and
38% of total protein of diets) of mixture plant peim (soy cake, corn gluten, soy protein
concentrate and sunflower cake) with or without fisotein hidrolysates and observed
that the fish growth was significantly reduced bg tnclusion of plant protein, although
the growth of fish fed diets with 42% of plant giot dietary inclusion obtained similar
growth to fish fed control diet. The quadratic eggion analysis was recommended by
Shearer (2000pecause it was used to obtain optimum levels grieidients or nutrients
(Martinez-Llorenset al, 2009; Sancheet al, 2007) According to the polynomial
regression showed that the dietary soybean mealngat for a maximum growth was
26.4%. Similar results were reported in other ne@species, such as gilthead sea bream
that recommended between 20.5@lartinez-Llorenset al, 2009) and 30.5%
(Martinez-Llorenset al, 2007)of dietary soybean meal level for maximum grovethgl
likewise Tomaset al, (2005)recommended from 20 to 30% of defatted soybeari mea

dietary inclusion for maximum growth dderiola dumerili Chou et al, (2004) for
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juvenile cobia Rachycentron canadymestimated by quadratic regression a growth
optimum at 16.9% replacement of fish meal protgisdyybean meal protein.

Although daily feed intake, FCR, and PER do notigtiaally differ between
diets, they do not appear so close. Daily feeckent# diet O, in particular, is 13% lower
than the value recorded for diets 15 and 45, a®d [biver than diet 30. To provide
evidence that the may be caused by the nutrientlambes besides to palatability
properties of plant proteins.

In the phase II, we did not observed significarfitedénces between treatments
respect to the fish growth. Theses results showfisla with a mean weight of 350 g
can accept a diet with a level of inclusion of §Bta 45%. In meagr&stevezet al
(2010) evidenced that fish meal can be replacement witligh level of vegetable
protein mixture (42%). In red drum, showed thathgssoybean meal, the level of
inclusion in the diet can be up tu 70% of G&igh & Ellis, 1992; McGoogan & Gatlin,
1997) On the other hand, observed that fish in the g@hlakad a higher growth than
those in the phase I. Theses differences couldugetd the larger fish have lower
protein requirements than the smaller fish, and tundition could explain the high
values obtained from the VPP in phase Il. Also olest that the highest feed intake
was registered during the phase Il, coinciding vétimean temperature of 21.3 ° C,
which is within the recommended range to reachbést growth in meagréEl-Shebly
et al, 2007)

In relation to biometric parameters no effect aétdvas observed and similar
indexes were obtained IRBoli et al. (2003) 1.04 condition factor, 44% fillets, 6% VSI,
but the mesenteric fat obtained in present trigd%@ were higher than the obtained by
Poli et al (2003) and the cause of this differences probably cbeldo that meagres in

the present experiment not formed gonad. Therenwasignificant effect on the whole
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body composition of meagre by the experimentalsdéetd approximately content was
72% of humidity, 17% of CP and 7% of lipids. Thessults demonstrate the excellent
meat quality that presents the meagre, being the characteristic its lower fat content,
representing an important parameter of qualitytierconsumefPoli et al., 2003)

The detriment of growth in 45 diet could be to saléctors as the presence of
anti nutritional factors in plant proteirjfgranciset al, 2001; Gatlinet al, 2007) that
various effects can also caused the activities aeslwf alkaline phosphatase and
aminopeptidase in meag(&stevezet al, 2010) In addition, the growth could be
affected by the amino acid deficiencies of dig@®mez-Requenret al, 2004; Perest
al., 2003; Refstieet al, 2006; Wanget al, 2006b) Following this reasoning, the
information about amino acids requirements for meag not available. Nevertheless, a
first approach about the excess or defect of EAAldcde done by estimating amino
acid retention, which has been carried out in offsr speciegPeres & Oliva-Teles,
2009; Sanchez-Lozanet al, 2010) In present experiment, no significant effect in
amino acid retentions was observed with the diffedeets, but great differences can be
observed among amino acids, Arg, Lys, Met and Tesgnted the highest retention and
the His the lowest. The amino acid efficiency rét@nand amino acid intake is closely
related and the reason of the high retention istdube low amino acid intake, if this
one is made below its requirements. Ratio betwe&A Brofile of diets and whole
body (Figure 22) could be a good tool to estimate the deficienagSanchez-Lozano
et al (2009, 2010have shown in the sea bream, so, that if thisioslas less than
100% this amino acid would be deficient and ifsitgreater than 100% it would be in
excess. Arg, Lys and Thr were deficient in dietd trerefore the efficiency retention of
these amino acids was high. Met was significarfedeht among diets and fish fed diet

0 (100% of fish meal) presented the highest ratabietween %EAR//YEAAss, and
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for reason Met efficiency retention increased wsthybean meal dietary level. In
summary, it is necessary to determine the amingdsagquirement of meagre because,
even in the diet with the 100% of fish meal, thare amino acids that could be
deficient, such as Arg, Lys and Thr. From an ecangooint of view, it was clearly
improved the ECR when fish meal was substitutegdgbean meal in the diet.

Then, if the growth and body indices show that=i¥s and 30% were quite
similar, although the cost of the diets is not gigantly different, the best diet must be
considered the diet 3RBeigh & Ellis (1992)who recommended up to 70% of dietary
soybean meal for a growth 8tiaenops ocelatubut observed that the 35.5% soybean
level (50% of dietary protein from soybean mealswle most cost-effective diet. The
soybean meal level for minimum ECR (optimum ECR)diats for Seriola dumerili
(Tomaset al, 2005)resulted around of 20.5% and similar res@iMisrtinez-Llorenset

al., 2007)were obtained for gilthead sea bream (22%).
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Figure 22. Ratio between essential amino acids profile of erpental diets and whole body fish

expressed as g per 100 g-1 of protein. Each valtieei mean of duplicate groups. Different supgptgri
indicated differ at P < 0.05.
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CONCLUSION

The results obtained in present trial showed tit8b &nd 45% SB (depending
on the size) inclusion could be an excellent plaetl to substitute fish meal dietary,
because no effects on growth and feed efficienaamaters were detected and in

addition improve the profitability of diets.
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Capitulo 7 Discusion General

En el aflo 2010, a pesar de que ya habian sidocpdblialgunos trabajos én
regius Calderdnet al. (1997) Pastoret al. (2002; 2007)Quéméneet al. (2002) Poli
et al. (2003) Piccolo et al. (2006; 2008) EI-Sheblyet al. (2007) Hernandezt al.
(2009) algunos autores conigooet al. (2010) Estévezt al. (2010) Chatzifotiset al.
(2010) y Cardenas (2010aun manifestaban la necesidad de seguir estudiasido
especie debido a la poca informacion disponibleessb nutricion.

Recientemente, se han publicado otros trabajagateinterés en el tema como
lo son Martinez-Llorenset al. (2011) Chatzifotiset al. (2012) Feij et al. (2012) y
Saenzet al. (2013) que junto con los experimentos desarrolladosagprésente tesis
doctoral ayudan a completar la informacion queataidsobre esta especie.

En el presente capitulo se van a abordar los @spetas importantes de todos
estos estudios, lo cual dara una via para el mayendimiento en cuanto a la nutricion

y alimentacion de la corvina.

7.1. CRECIMIENTO Y PARAMETROS NUTRITIVOS DE LA CORV INA.

En primer lugar, es conveniente comentar la imporéa en cuanto a las
condiciones de manejo y la calidad del agua, yaAquegiuses una especie que tiene
la capacidad de adaptarse a diferentes sistemaodeccion(Martinez-Llorenset al.,
2011).Dada esta condicién versétil, los experimentogameados con esta especie en
las instalaciones de la Universidat Politécnica \t@éncia, se adecuaron a las
condiciones de un sistema de recirculacion. De es#mera, se siguieron las
recomendaciones para los crecimientos optimos & pducir el estrés en los peces,
adecuando las concentraciones de oxigeno diswglp®ifor a 5.0 mg/LAquafarmer,
2004) las concentraciones de BN, que fueron inferiores a 0.05 mg{Limmonset

al., 2002) los niveles de N®N recomendados para sistemas acuicolas que fueron
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menores de 1,0 mg/L(Pillay & Kutty, 2005) y los nitratos (N@N), cuyas
concentraciones estuvieron por debajo de los 1Q (Rillay & Kutty, 2005)

La temperatura fue un factor importante a considgeaque el crecimiento
aumenta con la temperatura del agua hasta un masgpexifico de la especie después
del cual disminuye rapidament@Collett et al, 2008) Aunque el intervalo de
temperatura estimada para el crecimientd eregiuses de 17 a 21 °(El-Sheblyet al,
2007; Estéveert al, 2010) con un rango aceptable de 14 a 23¥artinez-Llorenset
al., 2011) en los experimentos en tanques de la presente destoral el rango de
temperatura fue de 19 a 24 °C, el experimento atagamarinas GAPITULO 5
Experimento 2) se realizé a 16,5 °C, siendo el crecimiento fabler (TCI de 1,35%
dia’ e ICA de 1,96, para el pienso experimental dePB7y 20 GB, v sin diferencias
con el resto). Por el contrario, en el estudioizadb porEstévezet al. (2010) en dos
periodos de temperaturas (fria: 15,6 °C y cali@a®Q@), se obtuvo a baja temperaturas
un TCI negativo (-0,44% dfa confirmando en este caso que la corvina crecemaej
temperaturas altas.

Una vez especificadas las condiciones, se puede dae en general el
crecimiento en la mayoria de los experimentos datstos con corvinas en las
instalaciones de la Universidad Politécnica de Mk resultaron bueno3dbla 20),
confirmando de esta manera que realmente la coesnana buena candidata para la
diversificacion de la acuicultura en el Mar Medi@®eo, segun lo venian planteando
diferentes autoreQuémeéneret al. (2002) Poli et al. (2003) EI-Sheblyet al. (2007)
Estévezet al. (2010) Chatzifotiset al. (2010) Roo et al. (2010) Chatzifotiset al.

(2012)y Duncaret al (2012)
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Tabla 20. Crecimiento general de los experimentos realizagosl Laboratorio de la UPV.

Peso Inicial (g) “CTC x 10° 5TAD “ICA To
(% day”)

CAPITULO 4
Prueba A:
(Necesidades de 53 0,27 0,5 2,25
Energia y Proteina) 1,69 2,22 2,3

19+1°C
Prueba B:
(Necesidades de 188 0,95 0,38 1,31
Energia y Proteina) 2,74 1,88 2,25
CAPITULO 5 52 2,14 1,95 1,24
Experimento A 2,69 1,78 0,97 24 £1°C
Niveles de Proteina
CAPITULO 6 165 2,56 0,79 1,30
Nivel de inclusién de 3,15 0,95 1,43 23+1°C
soja (Fase 1)
Nivel de inclusién de 346 3.4 1,31 0,91 21.3°C
soja (Fase II) 4 1,34 0,79

ACoeficiente térmico de crecimiento CTAH00 x [Peso final (gf - Peso inicial(g)"”] /(T° - T°
minima de alimentacién x dias); T° Minima de ali@@ion = 12 °CPTasa alimentacion diaria (% dja
TAD = 100 x Ingesta (g)/ Biomasa promedio (g) xsdiSindice conversién de alimento ICA = Ingesta
(g)/ Incremento de biomasa (g)

Hay que tener en cuenta que la procedencia de émespvarié entre
experimentos, pudiendo incidir en los resultados yener una uniformidad total de los
mismos. En laTabla 20 se puede apreciar que los CTC correspondientess a |
CAPITULOS 4, 5, 6 son superiores a los obtenidos fstévezet al. (2010) (1,73 x
10°), Martinez-Llorenset al. (2011)(1,46 x 10°) y Chatzifotiset al.(2012)(1,9 x 10%).
Asimismo, hay que destacar que el crecimiento (Cdliignido en estas pruebas fue
superior al de otras especies de la familia ScamidomoA. japonicus(1,46 x 10°)
(Pirozzi et al, 2009)o0 (1,79 x10) (Pirozziet al, 2010) S. ocellatus(2,23 x 10°)
(Thomanet al., 1999) N. miichthioides(2,2 x 10°) (Wanget al, 2006)y en otras
especies del mediterraneo tales caparus auratg1.72 x10°) (Mayer et al. 2008)0

(1,1 x 10%) (Martinez-Llorenset al, 2009) Diplodus sargus (0,89 x 10)) (Saet al.,
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2008) Seriola dumerili(1,3 x 10%) (Toméset al, 2005),aunque muy similares a los
obtenidos para el salmé8almo sala(3,41 x 10°) (Hellandet al.,2010)

Los indices de conversién también fueron excelesmel®sCAPITULOS 5y
6, confirmando los obtenidos en otros trabajos cdémsode Chatzifotiset al. (2010)
(ICA minimo: 1,38; ICA maximo: 1,61)Chatzifotiset al. (2012) (ICA minimo: 0,9;
ICA maximo: 1,6), yMartinez-Llorenset al. (2011) (ICA minimo: 1,2; ICA maximo:
5,3). Sin embargo, los ICA en los estudios de ndades de energia y proteina,
resultaron altos, de acuerdo a lo que normalmentessma para esta especie, y son
similares a los resultados obtenidos Wetazcoet al. (2009) esto puede deberse a que
en este tipo de estudio al tener tasas de aliméntawuy altas, en muchos casos puede
darse una sobrealimentacion que puede generarsdieboltados.

Las raciones adecuadas de piensos nutricionalmesiEnceados son muy
importantes para el 6ptimo crecimiento, superviieendesarrollo inmunitario y para la
obtencion de excelentes propiedades organoléptica®s peces, es por ello que se
recomienda determinar las tasas Optimas de aliwiéntan las especies acuicolas, con
mayor énfasis en aquellas que se producen a esgalarcial, dado que permiten
incrementar la produccion disminuyendo asi los esogcondmicos y los impactos
ambientalegOkorieet al.,2013)

La tasa de alimentacién diaria para maximizar etianiento en la corvina fue
determinada en &@APITULOS 4, fueron obtenidas en funcién del tamafio de lospece
(Tabla 21) y comparada con las obtenidas p@lazcoet al. (2009)y Garcia (2012)
Resultaron mayores en los experimentos de pece®der tamafio, debido a que tienen
mayores necesidades proteicas para un maximo g¢emtongque los peces mayores

(Choet al, 1985; NRC, 1993)
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Tabla 21Tasas de alimentacién diaria para el maximo criecito
Pienso ATAD Max. Autor

Peso

50 g Regius 2,61%dfa  Velazcoet al.(2009)

53¢ Skreting 2,2% dfa Presente estudio

629 Skreting 1,6 % dfa Garcia (2012)

200 g Skreting 1,73% dfa Presente estudio

ATAD Max: Tasa de alimentacion diaria para el maxgrecimiento.

En doradaJauraldeet al, 2013) establecieron un modelo de crecimiento en
funcién de las tasas de alimentacion, obteniende t@s necesidades para el
mantenimiento eran de 0,23 g 100 dia' y las necesidades para el maximo
crecimiento de 1,9 g 100*gdia’, de acuerdo a un modelo de crecimiento asintético,
gue como vemos resultan ligeramente inferioressadtaesta especie, lo cual resulta

l6gico si tenemos en cuenta las diferencias dersiesto presentadas anteriormente.

7.2. APORTE A LAS NECESIDADES NUTRITIVAS.

Las necesidades de proteina y energia que dehrr ielgpez para optimizar su
produccion (crecimiento, indice de conversion, abitidad, etc.) deben ser expresadas
en gramos de proteina por kg de pez y dia, y kdnéegia por kg de pez y dia. De
acuerdo corsanz (2009)estas necesidades pueden depender del estadagisd del
pez y de las condiciones ambiéntales, fundamentéémee la temperatura que
determina el nivel de actividad y el crecimientd. reétodo factorial fue de gran
utilidad, porque ofrecié varias ventajas a la hideaestimar las necesidades de proteina
y energia, como por ejemplo, que se emplearon rasncantidades de unidades
experimentales que con pruebas de tipo dosis-respue otra muy importante es que
se puede emplear piensos comerciales.

Para comparar los resultados obtenidos en corwpasotras especies fue

necesario recalcular nuestros resultados correspurd a lasTablas 6 y 7 del
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CAPITULO 4, dado que en muchos trabajos se emplea el pestdlied. En dorada
se estimé en la proteina R§y Kg%® para la energiglLupatschet al, 1998) vy
resultados similares fueron obtenidos paka japonicus(Pirozzi et al., 2010) En el
presente trabajo se utilizaron estos valores, cpesn metabdlico tedrico para.
regius

Las necesidades para el mantenimiento en corvinasténaron en 0,71 g PD
kg®’ pez' dia’ y 15,61 kJ ED k§® pez' dia’, mientras que las necesidades de
proteina para el maximo crecimiento fueron 3,68 @ %’ pez' dia' vy las
necesidades de energia para el maximo crecimid®94 kJ ED k§® pez* dia™.

En laFigura 23 A se relaciona las necesidades de proteina de maieaid de
A. regiuscon otras especies. Se puede observar que lasidetes de proteina de
mantenimiento para la corvina estan dentro delaaxjablecido para estas especies,
siendo en general, menores que en las especiescptag en el Mar Mediterraneo y
mayores que en las especies de la familia Scianida

La misma tendencia se observa erFigura 23 B, donde se relacionan las
necesidades de proteina para el maximo crecimisato,queS. ocellatusmuestra los
mayores valores para maximizar el crecimientogaan estos datos corresponden a
alevines de 4 g, por lo que las necesidades tieradeser mayores. Los datos
correspondientes A. japonicusson los obtenidos a 20 °C peirozzi et al. (2010)
estos en general son menores que en la canvi@mamisma temperatura, que es la
Optima para su produccion.

Las necesidades de energia para el mantenimi€igtarg 24 A) resultaron mas
bajas erA. regius Esto puede obedecer al tipo de modelo aplicagestp que en las
especies comparadas se establecen modelos linkalds estimaciones mas altas, sin

embargo, los modelos curvilineos tienden a ser augptados y recomendados para
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estos tipos de estudios factorigleésozziet al.,2010) En cuanto a las necesidades de
energia para el mantenimiento y el maximo crecitoiffigura 24 B), sOlo se observa
gue son mayores que Anjaponicusa 20 °C. A la temperatura Optima de produccion
de 26 °C de esta espe¢ieollett et al, 2008) las necesidades de energia aumentan,
tanto para el mantenimiento como para el maximamiento(Pirozziet al.,2010).

En laTabla 22 se observa el resumen de las recomendacionesiondles de
acuerdo a los resultados obtenidos eBAPITULO 4, que se determinaron mediante
un modelo bioenergético. También se muestran kdteglos dé/elazcoet al. (2009)
que fueron recalculados en proteina digestible grgga digestible, utilizando
regresiones cuadraticas, las necesidades de @qaia el maximo crecimiento fue de
0,78 g PD 100 g pé&zdia®, muy similar a lagruebas A y Bdel CAPITULO 4 para
las tasas de maximo crecimiento y el nivel éptiradadproteina digestible determinada
en elCAPITULO 5. En relacion a las necesidades de enefigiblé 22), tanto para el
mantenimiento como para el maximo crecimiento pagener que existe la misma
tendencia de correlacionarse los resultados otmen&h elCAPITULO 4 y por

Velazcoet al. (2009).

Tabla 22. Recomendaciones nutricionales paraegius.
Velazcoetal ~ CAPITULOS5 CAPITULO 4 CAPITULO 4

(2009) Experimento A Prueba A Prueba B
Peso 5049 529 539 2009
Pienso Regius Experimental Skreting Skreting
ANPm (g PD 100 g pézdia®) 0,09 0,0617 0,0617
BNPméx (g PD 100 g péalial) 0,78 0,8 0,86 0,73
°NEm (kJ ED 100 g pézdia?) 2,43 2,74 2,74
PNEmaéx (kJ ED 100 g p&aiia®) 43,08 45,79 38,72

ANPm: Necesidades de proteina para el mantenimi@N®max: Necesidades de proteina para el
maximo crecimiento®NEm: Necesidades de energia para el mantenimiBN®max: Necesidades de
energia para el maximo crecimiento.
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Figura 23. En A se observan las necesidades de proteina digegtibdeel mantenimiento (NPm) para
Argyrosomus regiugPresente estudio) comparativamente &marus aurata(lupatschet al, 1998),
Dicentrarchus labraxl (Lupatschet al, 2001) Dicentrarchus labrax2 (Peres & Oliva-Teles, 2005),
Argyrosomus japonicu@irozziet al.,2010) Sciaenops ocellatu®icGoogan & Gatlin Ill, 1998) EnB

se observan las necesidades de proteina digepibdeel mantenimiento (NPm) y las necesidades de
proteina digestible para el maximo crecimiento (ldRnpara las mismas especies.
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Figura 24. En A se observan las necesidades de energia digestitdeep mantenimiento (NEm) para
Argyrosomus regiugPresente estudio) comparativamente &marus aurata(lupatschet al, 1998),
Dicentrarchus labraxl (Lupatschet al, 2001) Dicentrarchus labrax2 (Peres & Oliva-Teles, 2005),
Argyrosomus japonicu@irozziet al.,2010),Sciaenops ocellatu®icGoogan & Gatlin Ill, 1998).EnB

se observan las necesidades de energia digestildeep mantenimiento (NEm) y las necesidades de
energia digestible para el maximo crecimiento (NEmpara las mismas especies.
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En doradaJauraldeet al, 2013) también encontraron una correlacién para las
tasas de mantenimiento, utilizando un modelo deess@n cuadratica y modelo de
crecimiento asintético (0,22 g 100 dia'y 0,23 g 100 g dia®, respectivamente).

En el CAPITULO 5 se determiné el nivel 6ptimo de proteina digestjizea
esta especie (0,8 g PD 100 g peita’) entrando dentro del rango correspondiente a lo
establecido para peces carnivo(@gang et al, 2006; McGoogan & Gatlin, 1999;
Serranoet al, 1992; Thomaret al, 1999; Turancet al, 2002) En jaulas marinas,
aungue los resultados no dieron diferencias sitifias, se observaron mejores indices
de conversion en peces alimentados con un piendd@/@6, que también coincide con
Martinez-Llorenset al. (2011) con juveniles de 94 g alimentados con piensos
comerciales, llegando a la conclusion de que ebm@gcimiento y eficiencia nutritiva
correspondia al pienso con un 47/20, es decir&g @D 100 g pezdia®.

El contenido de lipidos en el musculo de la corviem bastante bajo,
estimandose que esta especie no requiere de almesnde lipidos en sus dietdol
et al, 2003; Piccoleet al, 2006; 2008; Hernandex al, 2009; Chatzifoti®t al, 2010;
Chatzifotiset al, 2012) En la presente tesis doctoral no se desarrollexperimentos
para determinar las necesidades de lipidos deVaegni para la sustitucion de fuentes
lipidicas, sin embargo, existen trabajos que nad@n permitir discernir sobre este
tema. Martinez-Llorenset al. (2011) y Chatzifotis et al (2010) establecen para
juveniles y sub-juveniles que el nivel de lipidebd estar en torno a un 17 — 20%.

Generalmente, el aumento del nivel de lipidos d#idta mejora el crecimiento, la
eficiencia alimenticia y proteica, ahorrando pno#si que pueden ser catabolizadas y
utilizadas como una fuente de energidlestad & Johnsen, 1994; Helland & Grisdale-
Helland, 1998; Grisdale-Helland & Helland, 1998; &#évaet al, 2001; Torstenseet

al., 2001; Leeet al, 2002; Skalliet al, 2004) Los peces tienen un nivel optimo de
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lipidos en su dieta, un nivel superior puede cadspresion del crecimien{®eiet al,
2004; Duet al, 2005; Lopezet al, 2006) lo cual ha sido observado en corvina
(Chatzifotiset al, 2010)y otras muchas especidsates calcarifery la lubina blanca
(Atractoscion nobilisYWilliams et al, 2003; Lopezt al, 2006) dorada, lubina, cobia
(Rachycentron canadymel rodaballo Psetta maximay el denton Dentex dentex

(Péres & Oliva Teles, 1999; Chetial, 2001; Regostt al, 2001; Wanget al, 2005)

7.3. INCLUSION DEL TURTO DE SOJA EN LA ALIMENTACION DE LA
CORVINA

Para el estudio sobre la inclusion del turté dex GAPITULO 6) en los
piensos para corvinas se llevaron a cabo dos Hasdsase |, en esta prueba se obtuvo
un mejor crecimiento con los piensos con un 150(8,10% y un 30% (3,15 x 18) de
inclusién de turté de soja, inclusive mayor que ebpienso control (0%) (2,56 x Ep
Y la Fase Il, donde no se encontraron diferenagisifcativas en el crecimiento, en
ninguno de los piensos probaddslfla 17), posiblemente debido al tamafio de los
peces.

Por lo tanto, para esta especie la inclusion detése proteicas vegetales
formaria parte de su dieta, y el nivel 6ptimo palranaximo crecimiento seria de un
26,42% de turtd de soja en el caso de peces pegjulifgesar de éste nivel razonable
de inclusion, un nivel mayor perjudicaria el creeinto de la corvina ya que las dietas
serian deficientes en arginina, lisina, treoninaigcipalmente en metionina, lo que se
observa teniendo en cuenta la relacion entre eleptaje de AAE de la dieta y el
porcentaje de AAE a nivel corporal de los pec¢égura 22). Por lo que seria necesaria
una suplementacion adicional de estos aminoacidogl epienso para mejorar los

parametros de crecimiento.
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En peces de pesos mayores, las necesidades de@mitaninuyen, y por ende,
las de AAE, de ahi que no haya diferencias eneglirmiento con una dieta con un 45%
de turtd de soja.

Los resultados de crecimiento de esta fase, muestiaotencial de crecimiento
de esta especie, con un CTC alrededor de 4,08, xd@yor que en la Fase | y que en el
trabajo deCalderénet al (1997)(2,02 x10°), o el de Estévezet al. (2010)con una
dieta experimental comercial (1,73 )0 asi como también en otras especies marinas,
como la dorada (1,72 xTp (Mayer et al.,2008)y otros escianidos (1,46 x¥pcomo
Argyrosomus japonicudirozziet al.,2009)alimentados con dietas comerciales.

De acuerdo a los resultados obtenidos en ambas fasgpuede recomendar una
inclusion del turtd de soja en las dietas de antrd0-45%.

Esta fuente proteica vegetal, también ha sido estacen especies comerciales
tales como en juveniles de la cobRathycentron canadymcon un nivel de inclusion
maximo de 16,9 %Chouet al, 2004)06 en la serioldTomaset al., 2005) donde se
recomienda una inclusion de un 20 a un 30%, muylases a los de la dorada, de un
20,5% (Martinez-Llorenset al, 2007)y 30,5% cuando la dieta era enriquecida con
aminoacidos sintéticdd/artinez-Llorenset al, 2009)

No hay referencias bibliograficas de experimen®sndlusion del turté de soja
en corvinas, pero esta fuente proteica, ya hamioloada en otras especies de la familia
Scianidae como es el caso Niéea miichthioidesen la que se recomienda un nivel
maximo del 10%, puesto que a mayor inclusién disgerel crecimiento de los peces
(Wang et al, 2006) y el corvindn ocelado Sciaenops ocelatysen los estudios
realizados porMcGoogan & Gatlin (1997)donde obtienen buenos resultados con una
inclusion de turtd de soja del 66%. En el estudalizado erA. regiuspor Estévezet

al. (2010) experimentaron con una mezcla de proteinas Veggetbservaron que el
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crecimiento de los peces se redujo significativameuor la inclusion de proteina
vegetal, aunque el crecimiento de los peces aledestcon una dieta que contenia un
42% de inclusion de proteina vegetal, no se ohtowialiferencias de crecimiento
respecto al pienso control.

Recientementd-eij et al. (2013) determinaron la digestibilidad de diferentes
fuentes vegetales en corvina. Estos resultadodegnan interés para los estudios de la
presente tesis doctoral, dado que en los experaseld inclusion de turtdé de soja no se
realizo digestibilidad. En este trabajo se puedamobar que el turtdé de soja, posee
buenos coeficientes de digestibilidad y esto inBletaente confirma una vez mas que
es una fuente proteica vegetal alternativa conran gotencial para su inclusion en la
dieta de corvinas, porque genera muy buenos crecios y disminucion en el coste de
los piensos.

Sin embargo, los estudios de digestibilidad, par de corta duracién, no
contemplan las alteraciones que pueden causar sblracto digestivo, los cuales
pueden afectar a la absorcion de nutrientes. Dichasbios a nivel intestinal pueden
ademas reducir la actividad de secrecion de lasneszdel borde del cepillo de los
enterocitos y ademas alterar las proteinas trarfmas de AA y de péptidos
(Krogdahlet al.,2003).Por lo tanto, la digestibilidad real podria sdeiior, ya que en
estas pruebas el corto periodo de ingesta de ¢os@s puede que sea insuficiente para
gue produzcan dichas alteraciones tan severas.

En relacion a los indices biométricos y a la corgi@s corporal Tabla 18), no
se vieron afectados por las dietas experimentalesirguna de las dos fases. No se
observaron diferencias significativas en la compoési de todo el cuerpo a excepcién
del indice hepatosomatico (IHS) en la fase Il, doex la dieta S45 (1,57 %) el peso del

higado llega a reducirse un 30 por ciento respaatesto de las muestras.
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En cuanto a los analisis econdémicos de las diftabld 19), el coste de las
dietas se redujo con el aumento de turté de saojda €ase | con la dieta control se
obtuvo un ICE estadisticamente mas alto, sin egoban la Fase Il, no se encontraron
diferencias significativas entre los diferenteseteg de inclusion, aunque se puede
apreciar la misma tendencia a disminuir con el auinde nivel de inclusion y sobre

todo, con el tamafio de los peces.

7.4. DISENO DE UN PIENSO PARAArgyrosomus regius

En general en el desarrollo de los experimentas,résultados obtenidos se
pueden considerar de gran interés, tomando endayasion los crecimientos, las
necesidades de energia y de proteina, las tasdsmdamtacion, los niveles de proteina 'y
lipidos, asi como también la inclusion de fuentestgicas vegetales para reducir los
costes de produccion. Por ello podriamos estimar uju pienso comercial para la
alimentacion de corvina deberia tener: 47% de pratel7% de lipidos y con una
inclusion de entre un 30% y un 45% de turté da,ssjplementado con metionina y
lisina (Tabla 23).

Este pienso deberia ser suministrado a corvinasile 50 y 200 g con una tasa
de alimentacion diaria de un 2,2% Hianientras que en peces con mas de 200 g la tasa
de alimentacién diaria deberia ser de 1,73%,dtcual supliria a las corvinas de sus
requerimientos diarios y del nivel 6ptimo de pnotedigestible estimada en 0,8 g PD

100 g peZ dia’ y de un 45,79 kJ ED 100 g pedia®.
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Tabla 23. Disefio de pienso parea regius.
Pienso
% Materia Seca % Materia Himeda

Ingredientes (g kd)

Harina de pescado 388 426,14
Turté de soja 300 333
Trigo 103 113,6
Maltodextrina 50 50
Aceite de pescado 132 132
Metionina 12 12
Lisina 5 5
Mezcla vitaminico-mineral 10 10

Composicién nutritiva tedrica (% en Materia Seca)

Proteina Bruta 47
Grasa Bruta 17
AMELN 23
Fibra Bruta 2
Cenizas 9
BE (MJ kg") 18,24
°PBIE 21,92

AMateria extractiva libre de nitrégeno calculado09  %PB - %GB - %Cenizas - %FEEnergia.
“Relacion proteina bruta/ energia.

7.5. BIBLIOGRAFIA.
Aquafarmer, 2004. The farming of Arctic charr. Teidal Institute of Iceland, the Holar
University College and The Aquaculture Developm@antre of Ireland. November

2007 — January 200&itp://www.holar.is/~aguafarmer/

Calderén, J.A., Esteban, J.C., Carrascosa, M.A.iz,RB.L., Valera, F., 1997.
Estabulacion y crecimiento en cautividad de un t#ereproductores de corvina
(Argyrosomus regiys VI Congreso Nacional de Acuicultura. MAPA. Caeaa,
Murcia.

Cérdenas, S., 2010. Crianza de la Corvidergyrosomus regiys Fundacion
Observatorio Espafiol de Acuicultura. Consejo Sopere Investigaciones
Cientificas. Ministerio de Medio Ambiente y MediaiRl y Marino. Madrid.

Chatzifotis, S., Panagiotidou, M., Papaioannou,R4vlidis, M., Nengas, |., Mylonas,

C., 2010. Effect of dietary lipid levels on growtked utilization, body composition

169



Capitulo 7 Discusion General

and serum metabolites of meaglegyrosomus regigguveniles. Aquaculture 307,
65—70.

Chatzifotis, S., Panagiotidou, M., Pascal, D., 2H#ffect of protein and lipid dietary
levels on growth of juveniles meagreArgyrosomus regiys Aquaculture
International 20, 91-98.

Cho, C.Y., Kaushik, S.J., 1985. Effects of proteitake on metabolizable and net
energy values of fish diets. En: C.B. Cowey, A.MadWie y J.G. Bell (Eds.). Fish
Feeding and Nutrition. Academic Press. London98pl17.

Chou, R.L., Her, B.Y., Su, M.S., Hwang, G., Wu, Y,.Bhen, H.Y., 2004. Substituting
fish meal with soybean meal in diets of juvenilebi@oRachycentron canadum
Aquaculture 229, 325-333.

Collett, P.D., Vinel, N., Kaiser, H., Baxter, JO08. Determination of the optimal water
temperature for the culture of juvenile dusky ka@bgyrosomus japonicus
Temminck and Schlegel 1843. Aquaculture ResearcB738985.

De Silva, S.S., Gunasekera, R.M., Gooley, G., Imgr&.A., 2001. Growth of
Australian shorfin eelAnguilla australi$ elvers given different dietary protein and
lipid levels. Aquaculture Nutrition 7, 53-57.

Du, Z.Y., Liu, Y.J., Tian, L.X., Wang, J.T., Wany,, Liang, G.Y., 2005. Effect of
dietary lipid level on growth, feed utilization armbdy composition by juvenile
grass carp(tenopharyngodon idelJaAquaculture Nutrition 11, 139-146.

Duncan, N., Estévez, A., Porta, J., Carazo, lraNibuena, F., Aguilera, C., Gairin, 1.,
Bucci, F., Valles, R., Mylonas, C., 2012. Reprdduc development, GnRHa-
induced spawning and egg quality of wild meagwrgyrosomus regiys

acclimatised to captivity. Fish Physiol Biochem 3873-1286.

170



Capitulo 7 Discusion General

El-Shebly, A., EI-Kady, M. A.H., Hussin, A., Yeamhihossain, Md., 2007. Preliminary
observations on the pond culture of meadmgyrosomus regiugAsso, 1801)
(Sciaenidae) in Egypt. Journal of Fisheries andaiig Science 2, 345-352.

Estéves, A., Trevifio, L., Kotzamanis, Y., Karacesth, Tort, L., Gisbert, E., 2010.
Effects of different levels of plant proteins onetlongrowing of meagre
(Argyrosomus regiysjuveniles at low temperatures. Aquaculture Nignt17,
e572—e582.

Feij, P., Colen, R., Rodrigues, V., Pous, P., CpnceDias, J., 2012. Ability of meagre
(Argyrosomus regiysto digest vegetable protein sources. Aqua 2012yrldV
Aquaculture Society. Praga, Republica Checa.

Garcia, S., 2012. Investigaciones aplicables ahmeko de la produccion intensiva de
la corvina Argyrosomus regiys Tesis Doctoral. Universidad de Granada. Granada,
Espana.

Grisdale-Helland, B., Helland, S.J., 1998. Macraeut utilization by Atlantic halibut
(Hippoglossus hippoglossugliet digestibility and growth of 1 kg fish. Aquature
166, 57-65.

Helland, S.J., Grisdale-Helland, B., 1998. Growtleed utilization and body
composition of juvenile Atlantic halibutHfppoglossus hippoglossuded diets
differing in the ratio between the macronutrietquaculture 166, 49-56.

Helland S.J., Hatlen B., Grisdale-Helland B., 20Edergy, protein and amino acid
requirements for maintenance and efficiency ofiaatlon for growth of Atlantic
salmon post-smolts determined using increasingmakevels. Aquaculture 305,
150-158.

Hernandez, M.D., Lopez, M.B., Alvarez, A., FerrandE., Garcia, B., Garrido, M.D.,

2009. Sensory, physical, chemical and microbiolalgichanges in aquacultured

171



Capitulo 7 Discusion General

meagre Argyrosomus regiysfillets during ice storage. Food Chemistry 11372
245.

Hillestad, M., Johnsen, F., 1994. High-energy/lawtein diets for Atlantic salmon:
effects on growth, nutrient retention and slaugloeality. Aquaculture 124, 109—
116.

Jauralde, 1., Martinez-Llorens, S., Tomas, A., &slazzi, R., Jover, M., 2013. A
proposal for modelling the thermal-unit growth damént and feed conversion ratio
as functions of feeding rate for gilthead sea bré8parus auratal.) in summer
conditions. Aquaculture Research 44, 242-253.

Krogdahl, A., Bakke-Mckellep, A.M., Baeverfjord, &003. Effects of graded levels of
standard soybeanmeal on intestinal structure, naliceazyme activities, and
pancreatic response in Atlantic saim@&alno salarL.). Aquaculture Nutrition 9,
361-371.

Lee, S.M., Jeon, I.G., Lee, J.Y., 2002. Effectdigfestible protein and lipid levels in
practical diets on growth, protein utilization abddy composition of juvenile
rockfish Sebastes schlegelAquaculture 211, 227-239.

Lépez, L.M., Torres, A.L., Durazo, E., Drawbriddé,, Bureau, D.P., 2006. Effects of
lipid on growth and feed utilization of white seaba@tractoscion nobilis
fingerlings. Aquaculture 253, 557-563.

Lupatsch, 1., Kissil, G., Sklan, D., Pfeffer, EQ9B. Energy and protein requirements
for maintenance and growth in gilthead seabre&@parius aurata.). Aquaculture
Nutrition 4, 165-173.

Lupatsch, I., Kissil, G., Sklan, D., 2001. Optintina of feeding regimes for European

sea basPBicentrarchus labraxa factorial approach. Aquaculture 202, 289-302.

172



Capitulo 7 Discusion General

Martinez-Llorens, S., Mofino, A.V., Tomas, A., Mgy&J., Pla, M., Jover, M., 2007.
Soybean meal as partial dietary replacement ftisfimeal in gilthead sea bream
(Sparus auratpdiets: effects on growth, nutritive efficiencydabhody compaosition.
Aquaculture Research 38, 82-90

Martinez-Llorens, S., Tomas, A., Jauralde, I., Rlg,Jover, M., 2009. Optimun dietary
soybean meal level for maximizing growth and nutriatilization of on-growing
gilthead sea breansparus aurata Aquaculture Nutrition 15, 320-328.

Martinez-Llorens, S., Espert, J., Moya, J., Jokr, Tomas-Vidal, A., 2011. Growth
and nutrient efficiency of meagrérgyrosomus regiysAssol1l801) fed extruded
diets with different protein and lipid levels. Im@ational Journal of Fisheries and
Aquaculture 3, 195-203.

Mayer, P., Estruch, V., Blasco, J., Jover, M., 20@&dicting the growth of gilthead sea
bream Sparus auratd..) farmed in marine cages under real productionddions
using temperature- and time-dependent models. Adfuae Research 39, 1046—
1052.

McGoogan, B., Gatlin Ill, D., 1997. Effects of raping fish meal with soybean meal in
diets for red drunBciaenops ocellatuand potential for palatability enhancement.
Journal of the World Aquaculture Society 28, 374-38

McGoogan, B.B., Gatlin Ill, D.M., 1998. Metabolicequirements of red drum,
Sciaenops ocellatysfor protein and energy based on weight gain aodyb
composition. The Journal of Nutrition 128, 123-129.

McGoogan, B.B., Gatlin Ill, D.M., 1999. Dietary mpulations affecting growth and
nitrogenous waste production of red drusejaenops ocellatus Effects of dietary

protein and energy levels. Aquaculture, 178, 338-34

173



Capitulo 7

Discusion General

National Research Council (N.R.C.), 1993. Nutrieguirements of warm water fishes
and shellfishes. National Academy Press, WashinDt@n 114, 18.

Okorie, O.E., Bae, J.Y., Kim, K.W., Son, M.H., Kid,W., Bai, S.C., 2013. Optimum
feeding rates in juvenile olive floundeParalichthys olivaceysat the optimum
rearing temperature. Aquaculture Nutrition 19, 257

Pastor, G.E., Massuti-Pascual, E., Sanchez, Y.8y, R., 2002. Preliminary results of
growth of meagreArgyrosomus regiugAsso, 1801) in sea cages and indoor tanks

EAS/Special publication N°32, Trieste, Italy.

Pastor, E., Grau, A., Massuti-Pascual, E., Santhektadrid, A., 2007. Preliminary
results of growth of meagréyrgyrosomus regiugAsso, 1801) in sea cages and
indoor tanks. EAS Special Publication 32, 422-423.

Pei, Z., Xie, S., Lei, W., Zhu, X., Yang, Y., 200@omparative study on the effect of
dietary lipids level on growth and feed utilizatidar gibel carp Carassius

auratus gibelip and Chinese longsnout catfidbe{ocassis longirostris Gunthpr

Aquaculture Nutrition 10, 209-216.

Péres, H., Oliva-Teles, A., 1999. Effect of dietéipid level on growth performance

and feed utilization by European seabass juveniésentrarchus labrax

Aquaculture 179, 325-334.

Peres H., Oliva-Teles A., 2005. Protein and enengyabolism of European seabass

(Dicentrarchus labra)juveniles and estimation of maintenance requirgse~ish

Physiology and Biochemistry 31, 23-31.

Piccolo, G., Bovera, F., Salati, F., Morra, F., Rie, N., Moniello, G., 2006. Biometric
measurements, somatic indexes and chemical conguosit meagreArgyrosomus

regius fed two commercial diets with different protein/faatio. Aqua 2006,

Florence, Italy. World Aquaculture Society. Abstrax 735.

174



Capitulo 7 Discusion General

Piccolo, G., Bovera, F., De Riu, N., Marono, Sla8aF., Cappuccinelli, R., Moniello,
G., 2008. Effect of two different protein/fat ragioof the diet on meagre
(Argyrosomus regigdgraits. Italian Journal of Animal Science 7, 383%.

Pillay, T.V.R., Kutty, M.N., 2005. Aquaculture, Rdiples and Practices, 2nd Edition.
Blackwell Publishing Ltd, Oxford, UK., p. 630.

Pirozzi, 1., Booth, M., Pankhurst, P., 2009. Thieelf of stocking density and repeated
handling on the growth of juvenile mullowagrgyrosomus japonicu§Temminck,
Schlegel 1843). Aquaculture International 17, 19%-2

Pirozzi, 1., Booth, M.A., Allan, G.L., 2010. Proteiand energy utilization and the
requirements for maintenance in juvenile mullowAygfrosomus japonicyisFish
Physiology and Biochemistry 36, 109-121.

Poli, B., Parisi, G., Zampacavallo, G., lurzan, Megcatti, M., Lupi, P., Bonelli, A.,
2003. Preliminary results on quality changes inreéameagre Argyrosomus
regiug: body and fillet traits and freshness changeeingerated commercial-size
fish. Aquaculture International 11, 301-311

Quéemeéner L., 2002. Le maigre commuémgyrosomus regiysBiologie, peche, marche
et potencial aquacole. Ifremer, Plouzane

Regost, C., Arzel, J., Cardinal, M., Robin, J.,dare, M., Kaushik, S.J., 2001. Dietary
lipid level, hepatic lipogenesis and flesh quality turbot Psetta maximpa
Aquaculture 193, 291-3009.

Roo, J., Hernandez-Cruz, C., Borrero, C., Schu¢hBrd Fernandez-Palacios, H., 2010.
Effect of larval density and feeding sequence oragre Argyrosomus regiys
Asso, 1801) larval rearing. Aquaculture 302, 82—88.

S4, R., Pousao-Ferreira, P., Oliva-Teles, A., 2008tary protein requirement of white

sea breamfiplodus sargu}juveniles. Aquaculture Nutrition 14, 309-317.

175



Capitulo 7 Discusion General

Saenz de Rodrigaiez, M. A., Fuentes, J., Moyana, Ribeiro, L., 2013. In vitro
evaluation of the effect of a high plant proteietdand nucleotide supplementation
on intestinal integrity in meagreAfgyrosomus regiys Fish Physiology and
Biochemistry 39, 1365-1370.

Sanz, F., 2009. La Nutricion y Alimentacion en Risttura. Publicaciones Cientificas y
Tecnoldgicas de la Fundacion Observatorio Espaéidélalicultura. Madrid.

Serrano, J.A., Nematipour, G.R. y Gatlin Ill, D.M992. Dietary protein requirement
of the red drum&ciaenops ocellatyisand relative use of dietary carbohydrate and
lipid. Aquaculture 101, 283-291.

Skalli, A., Hidalgo, M.C., Abellan, E., Arizcun, MCardenete, G., 2004. Effects of the
dietary protein/lipid ratio on growth and nutrieatilization in common dentex
(Dentex dentek.) at different growth stages. Aquaculture 23511

Thoman, E.S., Davis, D.A., Arnold, C.A., 1999. Ewtion of growout diets with
varying protein and energy levels for red drugti@enops ocellatiisAquaculture
176, 343-353.

Timmons, M.B., Ebeling, J.M., Wheaton, F.W., Sumialer S.T., Vinci, B.J., 2002.
Recirculating Aquaculture Systems, 2nd Edition. @my Aqua Ventures, Ithaca,
NY 14850, USA. 800 p. NRAC Publication No. 01-0p2800.

Tomés, A., De La Gandara, F., Garcia-Gomez, A.e®¢€t., Jover, M., 2005.
Utilization of soybean meal as an alternative prosource in the Mediterranean
yellowtail, Seriola dumerili Aquaculture Nutrition 11, 333-340.

Torstensen, B.E., Lie, O., Hamre, K., 2001. A faedoexperimental design for
investigation of effects of dietary lipid contemidapro- and antioxidants on lipid
composition in Atlantic salmorS@lmo salay tissues and lipoproteins. Aquaculture

Nutrition 7, 265-276.

176



Capitulo 7 Discusion General

Turano, M.J., Davis, D.A., Arnold, C., 2002. Optraiion of growout diets for red
drum, Sciaenops ocellatug\quaculture Nutrition 8, 95-101.

Velazco-Vargas, J., Martinez-Llorens, S., Tomas,Javer, M., 2009. Tasas optimas
para el crecimiento de la corvinAr§yrosomus regigs XIl Congreso Nacional de
Acuicultura: Con la acuicultura alimentamos tu dalMARM, SEA y FOESA.
Madrid, Espafia. 238-239.

Wang, J.T., Liu, Y.J., Tian, L.X., Mai, K.S., Du,¥Z, Wang, Y., Yang, H.J., 2005.
Effect of dietary lipid level on growth performanckpid deposition, hepatic
lipogenesis in juvenile cobi&@achycentron canadymAquaculture 249, 439-447.

Wang, Y., Guo, J., Bureau, D., Cui, Z., 2006. Rephaent of fish meal by rendered
animal protein ingredients in feeds for cuneatendr(Nibea miichthioides
Aquaculture 252, 476— 483.

Williams, K.C., Barlow, C.G., Rodgers, L., Hockinds Agcopra, C., Ruscoe, I., 2003.
Asian seabasisates calcariferperform well when fed pelleted diets high in pmote

and lipid. Aquaculture 225, 191-206.

177






CONCLUSIONES







Conclusiones

En vista de los resultados de la presente Tesitobabcse concluye que:

Las necesidades de proteina para el mantenimianto @rvina es de 0,0617 g
PD 100 g pez dia’, y las necesidades de energia para el manteror2erd kJ

ED 100 g pe? dia™.

Las necesidades de proteina para la maxima reteanida corvina son de 0,64
g PD 100 g pezdia’, y las necesidades de energia para maxima réteson

38,5 kJ ED 100 g pézdia®.

La tasa Optima de ingesta de proteina digestibie lpacorvina es de 0,8 g PD

100 g peZ dia®, que es equivalente a un nivel del 43% PD en pi&ns

En corvinas de 167 gramos, se puede incluir has@0&6 de turtdé de soja en la
dieta sin tener efectos negativos sobre el creotmig sobre los parametros de
eficiencia alimenticia, siendo el nivel Optimo declusion para el maximo

crecimiento de un 27%.

En corvinas de 350 gramos esta inclusion pueddeshasta un 45% sin efectos

negativos en el crecimiento.

181



