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PROGRAMA DE FORMACION DE RECURSOS HUMANOS 75,4400, 3@5 ,f f ‘20 i
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FORMULARIO DE POSTULACION E INSTRUGCTIVO

BASES l: (uso interno} FIAFRV-2006-1-_) - 0O d

1. ANTECEDENTES GENERALES DE LA PROPUESTA

NOMBRE DE LA PROPUESTA

Debe corrgsponder a una frase clara y brave que exprese el iema principal de fa actividad.

CURSO EN FISIOLOGIA NUTRICIONAL DE PECES

TIPO O MODALIDAD DE FORMACION

Indicar &i 68 un curse corto de especializacdn o programa de pagsantia, U otro by

E Curso corlo de especializacion ’ Pasantia

LUGAR DONDE SE REALIZARA LA ACTIVIDAD

ahdad, semuna, arovincia y Tegion donde e raghizara la aciividad. £n caso de habor

Ragion Provincia Comuna Loca‘lidadJCiudad

AREAS O SECTORES

Indicar si la aztividad se formacion se tnseria en el area Agncole, Pecuenia Faoresial, Dulceacuicalz o Gastion.
’ -
- Pacuaria Forestal Dulceacuicola

el o Jv‘? rutro:, en qu Lual es se insertan Ins objefivas de la propuesta (ovines de carme, frutales, hortalizas,

Pacas, cultivo de cereales, lequminosas.




TEMAS (S)

Indicar &l tema en el cual se inserta el objetivo de la propuesta. Para identificar el tema, se sugiere tomar como
referencia el lisiado entregado en el Anexo 2 del documeanto “Bases de Postulacion'.

NUTRICION ANIMAL




ENTIDAD RESPONSABLE QUE REALIZARA LA ACTIVIDAD

Indicar el nombre completo de fa entidad, RUT, teléfono, direccion postal, comuna, ciudad, region, fax g-maif, weby ..
cuenta bancaria {N°, tipo y banco)

Nombre: Pontiticia Universidad Catdlica de Valparaiso
RUT:

Identificacion cuenta bancaria:

Direccion comercial: Av. Brasil 2950

Ciudad/Region: Valparaisof Valparaiso

Fono: 32-273000

Fax:32-273000

Correo electronico:

REPRESENTANTE LEGAL DE LA ENTIDAD RESPONSABLE

indicar nombre, RUT, profesion, cargo, direccion, comuna, ciudad, region, fono, fax, E-mail, del Representante Legal de
la Entidad Responsable. Esta infarmacian debera ademas ir acompafiada de su firma,

Nombre: Alfonso Muga Naredo

Cargo en la Entidad Responsable: Rector
RUT:

Direccion: Av. Brasil 2950
Ciudad/Region: Valparaiso! Valparaiso
Fono: 32-273000

Fax: 32-273000
Correo electrénico: rector@ucv.cl %‘/M ,i/uﬂ

L . Firma
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TIPO DE ENTIDAD RESPONSABLE

Se debe indicar si se trata de una univ ersu'iad mrtniucmn de investigacion, organizacion o asoriacion e productores
(Pequshas ¢ r.'ﬂ":‘d'dr‘ ps~grandss), aspeiacion gremial @ empresa productiva yio de procesamiento, entre otras.

UNIVERSIDAD

NATURALEZA ENTIDAD RESPONSABLE

Indicar si iz Entidad Responsable corresporde a une enfidad publics o privada,

Indicar su mmnre,F’u' profesion, especiaidad, cargo, dirsc
' specielidad y/o cargo, podran menci
productor, teonico, consultor, els,

sta informacién debera i accrmpaﬁada de su firma y ademas o

bt
U LT

Nombre; Gabrisl Yany Gonzaiez

Cargo en la Entidad Responsable: Docente
RUT:

Direccion: Av. Altamirano 1480, Of, 204
Ciudad/Regidn: Valparaiso! V region
Fono:32-273444

Fax: 30.274263 ' ﬁ Crar

Comeo electronico: gyany@uev.el

Profesor CO - Coordinador .
Nombre: M* lsabel Toledo Donoso

Cargo en la Entldad Responsabla: Dacente

RUT:

Direccion: Av. Altamirano 1480, Of. 204

Ciudad/Region: Velparaiso! V regién

Fono;32-273444

Fax: 32-274263

Correo electronico: itoledo@uev.ci

L |
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ENTIDAD ASOCIADA (1)

Indicar el nombre de & olos organismos o instituciones {nacionales o extranjeras) que actuaran coma asociados en la
realizacion de la actividad de formacion. Debera indicarse el nombre completo de la entidad, RUT, teléfono, direccion
postal, comuna, ciudad, reqion, fax, e-mail, web y cuenta bancaria {N°, tipo y banco).

Debera también especificarse el tipo de entidad a la cual corresponde, es decir si €8 una universidad, institucion de
investigacion, organizacion o asociacion de productores (pequeros o medianos-grandes), asociacion gremial o
empresa productiva y/o de procesamiento, entre atras. Ademas, deberd indicarse si corresponde a una enfidad publica
0 privada.

Nombre;

RUT; NO APLICA
Direccion:

Fone:

Fax:

Correo electronico:

Tipo de Entidad:

Naturaleza de la Entidad:

REPRESENTANTE LEGAL CE LA ENTIDAD ASOCIADA (1)

Indicar el nombre del representante legal, RUT, profesion, cargo, direccion, comuna, ciudad, region, fono, fax, E-mail.

Nombre;

Cargo en la Entidad Asociada:

RUT: NO APLICA
Direccion:

Fona:

Fax:

Comeo electronico:

Firma

FECHA DE INICID Y TERMING DEL PROGRAMA DE ACTIVIDADES

fndicar las fechas de inicio y térming del procese completo de organizacién, difusion v realizacion de la actividad de
formacién.

Inicio: 13 de Junio de 2006 Término: 24 de agosto de 2006




ESTRUCTURA DE FINANCIAMIENTO

Indicar el costo total de la iniciativa, ef cual debera incluir fos aportes de contraparte, el financiamiento soficitado a FIA ¥

otros aportes (si los hay) indicadas en el fermulario de postulacian, en fa Seceion 15.1. "Cuadro resy

aportes de contraparte”.

men y procedencia de

Ademas se debe especificar el financiamiento soficitado a FIA y el aporte de cantraperte, y &l porcentaje que dicho monto
representa respecto al costo total de la iniciativa. Los valores que se indiquen en esta seccion deben ser iguales a los
presentades en ta Seccion 15 del formularic de posiulacion "Costos totales v estructura de finangiamienio de ta propuesta’

COSTO TOTAL DE LA PROPUESTA

FINANCIAMIENTO SOLICITADO A FIA

APCRTE DE CONTRAPARTE

$4.114.756
1.728.985 21 %
2.385.791 579 %
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Esta propuesta se presenta a FIA con el objeto de solicitar financiamiento para la realizacion de un curso
internacional dictado por el Dr. Sungchul Charles Bai, de la Universidad de Punkyon, Busan , Corea,
consultor internacional y experto en ahmentamon nutricion y ﬁS|oIog|a de peces para dictar un curso en
Fisiologfa nutricional en peces.

La nutricion de peces es un area técnica de alta relevancia en la salmonicuttura por los impactos
ambientales, economicos y sociales que se originan producto de los alimentos no consumidos y materia
arganica proveniente del metabolismo de los peces. Los desafios actuales para la investigacion y
desarrollo en el tema de la nutricion y alimentacion de peces, se orientan a la optimizacion de
formulaciones de alimento que cumplan las exigencias nutricionales de los peces y que a suvez sean .
 economicamente amigables con el medlo amblente -

De acuerdo a las conclusiones del reciente Taller ‘Refevancia de los Estudios Nufricionales para el
Cultivo de Especies Acuicolas: Fortalezas y Debilidades de la Investigacidn Cientifica y Tecnolégica’,
realizado el 27 y 28 de febrero del afio en curso, se concluyé , que para diversificar la acuicultura , es
preciso disponer del conocimiento técnico para el desarrolio de dietas arhﬁmales que cumplan conlos

requerimientos fisicos y nutricionales de las nuevas especies, tengan buena ‘aceptacion , sean altamenle
digestibles y posean una baja lixiviacion de nutrientes.

Actualmente |a investigacion sobre este fema en nuestro pais, se ha avocado al estudio de reemplazos
de materias primas como la harina y aceife de pescado. Es asique en este contexto, FIA apoyo, entre el
2001y 2004, la ejecucion del proyecto FIA “Diversificacion del uso del lupino, utilizandolo como fuente
proteica alternativa en la alimentacion de la salmonicultura’, cuyos resultados permitieron validar
cientificamente el reemplazo de harina de pescado por harina de lupino hasta un 15% enlas
formulaciones de alimentos para la salmonicultura.

Complementariamente , es necesario desarrollar investigaciones que permitan entender cuales son los
cambios fisiclégicos que se producirian en jos peces cuando se realizan ofras sustituciones, como el
reemplazo del aceite de pescado dietario por aceite de origen vegetal, cuales serian las variaciones en |a
digestibilidad de los alimentos y sus efectos en el medio. En ofros paises estos estudios ya estan siendo
desarrollados con acsites vegetales locales, en Chile es preciso conducirlos a la menor brevedad para
entregar las respuestas requeridas por el sector acuicultor. Para ello, es importante actualizar y- -
profundizar los conocimientos en nutricion y formulacion de alimentos para definir 6ptimamente las
esfrategias nutricionales y ambientales, que maximicen los beneficios productivos, frente a la sustitucion
de materias primas tradicionalmente utilizadas en la elaboracion de los alimentos.




| Estos temas seran cubiertos en el curse, lo cual permitira contribuir con la formacion de capacidades
técnicas en el &rea de la nutricion de peces, como lo son tos futuros doctorandos del Programa de
Doctorado en Acuicultura integrado por tres Universidades: Pontifica Universidad Catolica de Valparaiso,
la Universidad Catélica del Norte y la Universidad de Chile, académicos e investigadores de
Universidades, institutos de Investigacién, profesionales que laboran en |as distintas empresas ligadas
directa e indirectamente con la acuicultura y el sector agricola. El curso taller también dara la oportunidad
a que los profesionales asistentes de 20 a 30 empresas , puedan exponer sus experiencias , problemas y
discutir alternativas de solucion directamente con el expositor.

Nota: esta seccion se puede extender como maximo en 3 paginas.



ANTECEDENTES DE LA ENTID D"QUE REALIZARA LA ACTIVID Y DE LAS ENTIDADES .. -

al. esta dmg:da la achwdad de
00 que posee 0’ que utilizara,

P
i

entidad postulante / 13 0'las entidades asociadas. *

3.1. ANTECEDENTES DE LA ENTIDAD RESPONSABLE
(Adjuntar antecedentes adicicnales en el Anexo N°2)

La Escuela de Ciencias del Mar de la Universidad Caidlica de Valparaiso cuenta con académicos
pioneros y lideres en la investigacion de area de acuicultura, y de profesionales especialistas en esta
area. Posee centros de investigacion localizados en Dalcahue, Castro y Rio Blanco, Los Andes.

En sus 50 afios de trayectoria se han desamollado una senie de proyectos de Investigacion y Desarrolio
{1&D) y de Transferencia Tecnoldgica dirigidos al sector salmonicultor.

En la actualidad la Escuela de Ciencias del Mar ha formado una alianza estratégica con la Universidad de
Chile y la Universidad Catélica del Norle para crear el pimer programa de Doctorado en Acuicultura,
cuyo objetivo es |a formacion de capacidades de investigacion para el forialecimiento y entrega de
soluciones reales al sector acuiculior.

La Escuela de Ciencias del Mar se destaca por las tesis dirigidas al sector acuicultor, libros y revistas.
Algunas de estas publicaciones son:

] Libros

Toledo, M., E. von Baer, G. Olivares, P. Soto, A. Manriquez, C. Harrison, D. Mex, F. Garrido, 2004.
Lupino dulce: leguminosa en la produccién de alimento para salménidos. Pontificia Universidad Catblica
de Valparaiso. Valparaiso. 41 p.

Yaiiez, E. 2003. Actividad Pesquera y de Acuicultura en Chile. Editorial Universitaria. Valparaiso. 444 p.

Arana, P, A. Guerrero, M. Ahumada, M. Tapia. 2001, Normativa Pesquera Chilena. Editonal
Universitaria. Valparaiso. 265 p.

s Revista.
Investigaciones Marinas UCV es una revista de publicacién anual que considera contribuciones

cientificas onginales en Ciencias del Mar, dando.preferencia a los trabajos realizados en el Pacifico
Sudoriental.)

o Tesis
Algunas tesis desarrolladas en el tema:

AHUMADA QUEZADA, CARLOS ALBERTO, 1996. Efectos de dietas con distinta relacién
proteinafenergia en el vaciamiento gastico de trucha arcoiris {Oncorhynchus mykiss). 65 p. llus. Prof.
Guia: Mana Isabel Toledo D.

10



CAJAS RAMIREZ, DANIELA ANDREA, 1997. Efecto de tres niveles distintos de proteina en la dieta
sobre indices reproductivos de hembras trucha arcoinis {Oncorhynchus mykiss). 33 p. lius. Prof. Guia:
Maria Isabel Toledo D.

CAMILO LEON, JORGE HERNAN, 1998. Evaluacién de fa larva de mosca como fuente proteica
alternativa en la alimentacién de juveniles de trucha arcoiris (Oncorhynchus mykiss). 50 p. llus. Prof.
Guia: Maria Isabel Toledo D.

CASTANER SARIEGO, CLAUDIO, 1998. Evaluacion de la tasa de crecimiento de peces juveniles de
trucha arcoiris (Oncorhynchus mykiss) alimentados con dietas conteniendo distintos niveles de potasio.
30 p. llus. Prof. Guia: Gabriel Yany G.

FIGUERQOA GUAJARDO, FABRLZZIO RENE, 1998. Validacion de funciones maiematicas que definen
patrones de alimentacién en trucha arcoins (Oncorhynchus mykiss). 49 p. lius. Prof. Guia: Maria Isabel
Toledo D.

SILVA CABRERA, MARCELO, 1998. Efecto del tamafio de las raciones dianas de alimento en la
eficiencia reproductiva de trucha arcoins (Oncorhynchus mykiss). 62 p. llus, Prof. Guia: Maria Isabel
Toledo D.

GALENO DUBRAVCIC, DINKO ANDRES, 1999. Evalyacién del efecto de fotoperiodo v/s temperatura de
cultivo en e! vaciamiento gastrico de juveniles de trucha arcoiris (Oncorhynchus mykiss). 45 p. llus.

MUGA HAUG, CLAUDIA, 1999. Efecto del origen de los pigmentos tiempos de suministro en los indices
reproductivos, calidad de las ovas y posteriores etapas de incubacion y alevingje de trucha arcoins
(Oncorhynchus mykiss), 59 p. llus, Prof. Guia: Maria Isabel Toledo D.

DELAVEAU CONLEY, MYLENE MARIE. 2001. Disefio y dimensionamiento de un sistema de remacion
de desechos organicos para ser implementado en balsas-jaulas, Prof. Guia Maria Isabel Toledo.
CASTILLO SEPULVEDA, JUAN LUIS. 2001. Evaluacion de la prefactibilidad técnica-econdmica de
cultivo de carpa (Cyprinus Carpio) utilizando agua proveniente del sistema de refrigeracion de una central
termoeléctrica. Prof. Guia Maria |sabel Toledo.

VALDIVIA BELLIDO, MARIO CESAR. 2002. Prefactibilidad técnico-econdmica para ef cullivo del puye
(Galaxias maculatus) a escala comercial, en la IX region. Prof. Guia Maria Isabel Toledo.

MUNDNICH WIEGOLD, KARIN ELIZABETH. 2003. impaclo de la introduccién de lecnologia de
incubacion de ovas de Salmén del Atiantico (Salmo salar) a bajas temperaturas. Prof. Guia Gabnel Yany.
MORALES JEREZ, LILIANA RACHEL. 2004, Comparacion de la eficiencia de distintos tratamientos
antifungicos en ovas de trucha arco ins (Oncorhynchus mykiss) en un establecimiento de produccion
industrial,

SOTO AZOCAR, PAULA ANDREA. 2004. Utlizacidon de harina de lupino (Lupinus afbus} en
formulaciones de alimento para juveniles de trucha arcoiris (Oncorhynchus mykiss). 54 p. Prof. Guia
Maria Isabel Toledo. .

MANRIQUEZ LAGOS, ALEX FELIPE. (En desarrollo). Utilizacibn de macroalgas enriguecidas
proteicamente en fa alimentacion de trucha arcoiris (O, mykiss).

OLIVARES CANTILLAND, GERMAN. (En desarrollo). Utilizacion del lupino dulce {L.albus) en la
alimentacion de salmén coho (O. kisutch).
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3.2. ANTECEDENTES DE LA(S) ENTIDAD(ES) ASOCIADA(S)
(Adjuntar antecedentes adicionales en el Anexo N°3)

NO APLICA

CARACTERISTICAS DE LA RELACION ENTRE LA ENTIDAD RESPONSABLE Y LA(S) ENTIDAD(ES)
ASOCIADA(S). {Solo compietar si |a Entidad Responsable se presenta asociada con otras
Entidades)

En esta seccion se debe entregar informacion sobre la relacién que se establece entre la Entidad
Responsable v la(s) Entidad(es) Asociada(s). Esta informacion debe entregar los antecedentes

necasarios para comprender |a naturaleza, caracteristicas y mecanismos mediante los cuales se caoncreta
|a relacion entre lzs entidades,

Asi mismo, en esta seccidn se debe describir en forma detailada qué forma o qué mecanisme de apayo
se ulilizara y los contenidos temalicos en los cusles se irabajard en forma conjunta o seran
complementados & iravés de dichos mecanismos

NO APLICA




OBJETIVOS DE LA PROPUESTA

5.1. OBJETIVO GENERAL

Indicar lo que se pretende kgrar con la Actvidad de Formacion en el proceso de transferencia de
conocimientos yio experiencia, Debe expresarse con una forma verbal activa {por ejemplo: aumentar, apoyar,
capacitar, habililar u ofras andlogas).

Realizar curso internacional sobre Fisiologia Nufricional de Pecss,

Con este curso internacional en el tema de alimentacion y nutricion de peces se lograra la capacitacion de

un grupo de personas que desarrollan invesligacion en el lema de alimentacion y nutricion de peces y

ademas a profesionales que se desemperian en empresas elaboradoras de alimentos, profesionales que
trabajan en el area de productos agricolas para la salmonicultura y obros profesionales que se
desempefian en empresas afinas a la acuicultura.

El curso sera dictado preferentemente por un consuilfor experto en el tema de nutricion animal a alumnos

del doctorade sn acuiculiura y abierto a profesionales del area.

5.2. 0BJETIVOS ESPECIFICOS

2. Integrar estructuras y funciones de los nulrientes alimenticios en relacion a ta figiclogia de los

peces.

3. Disefiar dielas para peces mediante el uso de software computacicnal de uso masivo.

g ulante
se uliizare modalidad
. si es a dis cual o cudles

fantas

6.1. MODALIDAD

Presencial, a desarrollar en la Escuela de Ciencias del Mar, de la Ponfificia Universidad Caldlicade
Valparaiso.

6.2. METODOLOGIA

Se debe enlregar informacion respecto de la metodologia de ensefianza que sé aplicara a lo largo de la
actividad de formacién o capacitacidn, sistema de evaluacion, dias y horarios de dlases, indicadores a
aplicar en el monitoreo y sequimiento de los participantes duranle y después del curso, y todos los
agpectos relevantes para una adecuada formacion de los posibles parlicipantes.




Clases expositivas {Presentaciones en Power Paint} y practicas (uso de software de uso masivo para €l
disefio de dietas)
Ei curso se hara en § dias leclivos, en horarios de 09:00 a 13:00 Hrs y 14:30 a 18:00 Hrs.

1 o A &;’“C’Wuf; oy (.:;J«/ lvvm e {l‘-w]"’“‘ PUTATVONIN &g ..{-'J_:‘-’W ’:V

PARTICIPANTES (DESTINATARIDS] EN LA ACTIVIDAD

B =1, esta seccion se deberd hacerexphcno el perfil de los participantes & los cuales esid dm\.yda la actwldad e
formacion o capacitacion. Para facilitar esfa definicion se puede utilizar [a guia de apoyo al diseno de

iniciativas de formacion con enfoque de competencias laborales, la cual se entrega adjunta a este documento.

7.1. PERFIL DE LOS PARTICIPANTES [destinatarios de la actividad) Profesionales que laboran en
empresas del sector acuicola, poseedores de conocimientos relacionados al cultivo de peces.

Los participantes son poseedores de titulos profesionales en el drea de biologia, acuicultura, N
medicina velerinaria, nutricidn, alimentacion. //
Estudiantes del dnico programa de doctorado en acuicultura exisiente en el pais, que se dictan | /
conjunto las Universidades de Chile, Catdlica del Norte y Pontificia Caldlica de Valparaiso, g

7.2 REQUISITOS DE POSTULACION (de los participantes)

Indicar si el participante debe cumplir con algin requisito para postular en funcn&n de las caracteristicas
especificas de la actividad de formacion o capacitacion propuesto.

Pesear conosimientos relacionados al cultivo de peces. Poseer fitulos profesionales en el area de ‘,/
biolegia, acuicultura, medicina veterinaria, nutricidn y alimentacion. o

7.3. CRITERIOS DE ELEGIBILIDAD O SELECCION (de los participantas)
Indicar los criterios de elegibifidad y seleccion de los parficipantes. /
h]

- ponaas” D?CM‘DL'M}(A’ - »dl
Al
g)m,c'fwtuﬁl/c' 5 Q'Wid

Acreditar estar desempefiandose en &l area de {a acuiculiura o afines.

7.4. DOCUMENTACION REQUERIDA PARA POSTULAR
Especificar la documentacion requerida para postular.

Cerificado de 1a Institucion en la cual se desempefia. a/

1.5. CUPQ DE ASISTENCIA (mé&ximo ¥ minimo)

Indicar el nimer méximo de paricipantes por curso ¥ €l nimero minimo con e cual se recomienda y es
posible impartiro.

Maximo: 30
Minimao: 10

14



8. ESTRUCTURA DE LA INICIATIVA DE FORMACION

En esta seccmn se .salicita .que los postulantes definan las lineas tematicas que t|enen prewsto
desarroliar y a partlr de Ias cuales se conﬁguran ¥ estructuran los contenldos S

Se debe entregar tambren a estructura en que -se ordenan los modulos mdtcando la orgamzacuon
pone la Enndad postulante :

! P
lmclatwas ‘de formacion con enfoque de competencias laborales”.
8.1. ESTRUCTURA DE LA INICIATIVA DE FORMACION

Introduecion (3.5 Hrs)

1. Definicion de Ciencia Nutricional, Fisiclogia Animal y Bioguimica.
2. Clasificacion de nutricionistas y Nutrientes.

Metabolismo Energético {1.5 Hrs)
1. Definicién de unidades basicas.
2. Energiay nomenclatura.
3. Ventajas del metabolismo energético en peces.

Metabolismo de Nutrientes {19 Hrs)
1. “Proteinas-y-gfmincasides.

2. Toxicidad del amonio.

3. Epidosyatinos8Las0s.

4. Carbohidrates.

5. ftamimas.

6. -Minerates.

7. Alimentos y sustancias alimenticias.

8. —Formiiacion de-afimentos-y-practica.

Acuicultura y Nuevas Areas de Investigacion (9.5 Hrs)
1. Futuro de la Acuicultura {Directrices).
2. Desarrollo de nuevas especies.
3. Desarrollo de dietas no contaminantes.
4. Investigacion de nuevas técnicas.

8.2. MALLA CURRICULAR

‘No corresponde.
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DESCRIPCION DE CADA MODULO

la actwldad de formacmn 0 capacnacuon debe presentarse estructurada en funmon de modulos yio talleres, os cuales
cormesponden a 1a unidad minima para el desarrolio de temas u objetivos mas especificos. Para preparar esta seccitn se
recomienda revisar prewamenle Ia "Guia de apoyo para el diseno de lmcnatlvas de forrnacnon con enfoque de
campetenc:as faborales” ' S - : . .

NUMERO DE HORAS: FichaN:[ 1 |

NOMBRE DEL MODULO; _ntroduccion

RESPONSABLE: S.Bai

EQUIPO DOCENTE: S. Bai

OBJETIVO DEL CURSO: | Introducir a los alumnos en el topico general del curso.
(Debe hacer referencia a lo
que busca lograr
especificamente el médulo
dentro de la actividad

global)

CONTENIDOS

TEMATICOS: (Deben ser Definicion de Ciencia Nutricional, Fisiologia Animal y Bioquimica.
presentados en detalle) Clasificacién de nutricionistas y Nutrientes.

METODO DE Clases expositivas y talleres de aplicacién y discusion.
ENSENANZA:

SISTEMA DE Asistencia

EVALUACION:

16



MATERIAL A Presentacion del expositor {Apuntes)

ENTREGAR: Papers del expositor en el tema tratado. B
APRENDIZAJES Entender y manejar conceptos basicos a utilizar en el desarrolio del curso.
ESPERADOS: (Deben ser

coherentes con los

objetivos y contendidos

propuestos)

NUMERO DE HORAS: Ficha N°:

NOMBRE DEL MODULO:  Metabolismo Energético

RESPONSABLE: S. Bai
]
EQUIPO DOCENTE: S Bai

OBJETIVO DEL CURSO: | Conocer el funcionamiento del metabolismo energético de los peces.
(Debe hacer referencia a lo
que busca lograr
especificamente el mddulo
dentro de la acfividad

global)

CONTENIDOS

TEMATICOS: (Deben ser Definicién de unidades basicas.
presentados en detalle) Energia y nomenclatura.

Ventajas de! metabolismo energético en peces

17



METODO DE
ENSENANZA:

SISTEMA DE
EVALUACION:

MATERIAL A
ENTREGAR:

APRENDIZAJES
ESPERADQS: (Deben ser
coherentes con los

. objetivos y contendidos
propuestos)

NUMERO DE HORAS:
NOMBRE DEL MODULO:

RESPONSABLE:

EQUIPQ DOCENTE:

OBJETIVO DEL CURSQ:
{Debe hacer referencia a lo
que busca lograr
especificamente el modulo
dentro de la actividad
global)

CONTENIDOS
TEMATICOS: (Deben ser
presentados en detalle)

Clases expositivas y talleres de aplicacion y discusion.

Asistencia

Apuntes del Profesor

Entender ios mecanismos del metabolismo energético en los peces.

Metabolismo de Nutrientes

R

S. Bai

S. Bai

Conocer clasificacion y funcian de diferentes nutrientes en el metabolismo de

los peces.

Proteinas y aminoacidos.

Toxicidad del amonio.

Lipidos y acidos grasos.

Carbohidratos.

Vitaminas.

Minerales.

Alimentos y sustancias alimenticias.
Formulacion de alimentos y practica.

- 18



METODO DE Clases expositivas y talleres de aplicacion y discusion.

ENSENANZA: Practicas en el disefio de dietas para peces.

SISTEMA DE Asistencia

EVALUACION:

MATERIAL A Apuntes del Profesor.

ENTREGAR: Cd con programa de elaboracion de distas (desarrollado por el equipo de

LABCPAC)

APRENDIZAJES Poder efaborar dietas para peces adecuadas para la nutricion y salud de

ESPERADOS: {Deben ser |éstos.

coherentes con los

objetives y contendidos

propuestos)

NUMERO DE HORAS: _ ‘ Ficha N°:
. Acuicultura y Nuevas Areas de Investigacion

NOMBRE DEL MODULO:

RESPONSABLE: S Bal

EQUIPO DOCENTE: S. Bai

OBJETIVO DEL CURSQ: |Conocer nuevas tendencias en nutricién de peces
(Debe hacer referencia a lo
que busca lograr
especificamente el modulo
dentro de la actividad
global)

19



CONTENIDOS Future de la Acuicultura {Directrices).
TEMATICOS: (Deben ser Desarrolio de nuevas especies.
presentados en detalle}) Desarrolio de dietas no contaminantes.
Investigacion de nuevas técnicas. e

METODO DE Clases expositivas y talleres de aplicacion y discusion.
ENSENANZA:

SISTEMA DE

EVALUACION: Asistencia

MATERIAL A Apuntes del profesor.

ENTREGAR:

APRENDIZAJES Actualizar conocimientos en cuanto a las tendencias y desafios en la lematica
ESPERADOS: (Deben ser |del curso.

coherentes con los

objetivos y contendidos

propuestos)

10 APROBACION DEL PROG RANIA Y OBTENCION DEL CERTIFICADD
| ! o‘s parala aprobacmn de la actividad de form

antes para la oblencion del certafcado correspond:ente' '

] ___lasll_nstltqcmne‘s qu;_ﬂgtqrguen,el t_:grjgtﬂcad
10.1. REQUISITOS PARA LA APROBACION DEL PROGRAMA DE FORMACION

no T . . . £ S ' a ‘l. )
5% ASISTENCIA__ w\w"% de um 6O dle s (4 )|

10.2. ENTIDAD{ES) QUE ENTREGARA(N) EL CERTIFICADO

PONTIFIC!A UNIVERSIDAD CATOLICA DE VALPARAISO
ESCUELA DE CIENCIAS DEL MAR

20



11. ASPECTOS ECONDMICOS DEL PRDGRAMA DE FORMACION

En esta seccion’ se debe entregar mfarmacmn sobre el costo de rnatru:ula 0 mscripcmn lof«'

beneflmos que ltiene su pago, las faciidades de pago posables e] destmo que s dara a estos
recursos, -entre. oircs aspectos SRR . e , .

11.1. CARACTERISTICAS DE LA MATRICULA O INSCRIPCION (monto, modalidad de pago,
beneficios y materiales que incluye)

$200.000, pago can cheque o contado, inchiye materiales del curso,cofie-breaks y almuerzos. L

11.2. SISTEMA DE BECAS Y AYUDAS

Entregar informacion sobre el sistema de ayudas y becas (liberacion del pago de la matricula en
forma total o parcial) que se propone, sefialando el niimero de becas, objetivos de las becas y
ayudas, tipo o naturaleza, entre otros.

Para todos los asistentes al curso se debe contemplar la posibiidad de asignar ayudas tanto en
matena de traslados como en alojamiento y alimentacion. Asi también se debe considerar dentro
de la gestion de la aclividad de formacion o capacitacidn la administracion de los recursos
destinados a dichos fines y de su entrega a los participantes, es decir, 1a Entidad Responsable
debera organizar estos aspectos de modo de velar per que los parficipantes reciban los servicios
de alimentacidn, traslado y alojamiento necesarios,

10 becas completas a alumnos de doctorado en acuicultura e integrantes del equipo del
Laboratorio de Cultive de Peces y Alimentacion Para la Acuicultura (PUCV} que participan
en ¢l Proyecto FIA-P-C-2004-1-D-089 “Aplicacion deltomillo Thymus vuigaris en el
tratamiento de enfermedades ds la salmonicultura.”
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_12 RESULTADOS E. IMPACTOS ESPERADOS _ , ‘
?Indlcar como se espera que Ios par‘ucupantes en'la aclividad de formamon 0 capacitacion aplicaran

‘posteriormente los conacimientos y capacidades adquandas explicando cudl sera la contribucidn cancreta
«de la actividad realizada en su quehacer futuro, asi como sus implicancias y proyecciones en el ambito
“local, Tegional y/o nacional. T T .

Toda la informacion que se entregara {metodologias y técnicas) seran aplicables en aquellas
empresas dedicadas a la produccion de alimentos para la industria acuicola, tanto en la etapa
de formulacion y elaboracion de las dietas, como también en la etapa de seleccion de los
ingredientes a utilizar sobre todo respecto a aquellos de origen vegetal.

Ademas, los contenidos del curso podran ser aplicados en aquellas empresas agricolas,
productoras de insumos para la industria de alimentos para la acuicultura, con lo cual se
impulsara la produccién de productos agricolas con las caracteristicas requeridas para para un
mejor aprovechamiento de los peces de cada uno de los nutrientes involucrados.

La contratacion del Dr. Bai para la dictacion del curso de Fisiologia Nutricional, permitira que los
participantes puedan tener una visién integrada de todos los componentes necesarios para
lograr el mejor aprovechamiento de los recursos disponibles en las dietas por parte de los peces.
Lo que significa que los participantes podran seleccionar los mejores ingredientes y utilizar estos
de la mejor forma para lograr un buen desarrollo de los peces con un bajo impacto de los
desechos producidos en el ambiente en que éstos son cultivados.

Los participantes del curso tendran la oportunidad de intercambiar y discutir con el Dr. Bai sus
propios proyectos innovadores en curso.
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13. EQUIPD DOCENTE {Adjuntar curnculum vttae de cada integrante del equlpo docente en Anexc

N5} -

!nclmr 1a ndmina deE eqmpo douenle :demmcando para Cdda uno de SUS amegranteb nombre complelo
RU emldad enla cual Irabaja telefono duuccmn posta1 actr.udad pnnc:pal y ﬂrma de cada ung de el!us

Este cuadro se u' ega en el disquet en programa Mlcrosoﬂ Excei de modo que dpbera ser construida en
dicho programa, Impresg ¥ {uego ::ompagmadu .can el resto del formulario para Ia entrega de Ias copias
impresas senaladas en |as presenlps Bases Es preciso tener presente que €l dlsquet que dehe. ser

NIVEL DE

REGION

: LUGARDE | ACTIVIDAD ROL A FIRMA
FORMACION | (cindad y pais si | TRABAJO PRINCIPAL CUMPLIR
corresponde) . {organizador 0
’ expositor

1 Maria Isabel - VREGION,

Toda Candidato Ph.D VALPARAISO PUCY DOCENTE | ORGAMIZADOR
2 Gabriel V REGION,

Yany Ph.D. VALPARAISO PUCY DOCENTE| ORGAMIZADOR

3 Sungchul Pukyon | DOCENTE/INVE
Bai Ph.D| PUSAN, KOREA Universiy STIGADOR EXPOSITOR
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Clases expositivas {Presentaciones en Power Point} y practicas (uso de software de uso masivo para el
disefic de dietas)
El curso se hara en 5 dias lectivos, en horarios de 09,00 2 13:00 Hrs y 14:30 a 18:00 Hrs.

PARTICIPANTES {DESTINATARIOS) EN LA ACTIVIDAD

En esta seccion se debera hacer explicito el perfil de los participantes & los cuales esta dinglde la actividad de
formacién o capacitacion. Para facilitar esta definicion se puede utilizar |2 guia de apoyo al disefio de

Iniciativas de formagion con enfoque de compelencias iaborales, la cual se entrega adjunta a este documento.

7.1. PERFIL DE LOS PARTICIPANTES (destinatarios de la actividad) Profesionales que laboran en
empresas del seéctor acuicola, poseedores de conocimientos relacionados al cultive de peces.
Los participantes son poseedores de titulos profesionales en el area de bictogia, acuicultura,
medicina veterinaria, nutricion, alimentacion,

Estudiantes del unico programa de dociorado en acuicultura existente en el pais, que se digtan
conjunto las Universidades de Chile, Catolica del Norte y Pontificia Catdlica de valparaiso.

7.2. REQUISITOS DE POSTULACION (de los participantes)

Indicar si el pariicipante debe cumplir con algiin requisito para posiutar en funcidn de fas caracterislicas
especificas de la actividad de formacion o capacitacidn propuesto.

Peseer conocimientos relacionados al cultivo de peces. Poseer titulos profesionales en el area de
biologia, acuicultura, medicina veterinaria, nutricién y alimentacidn.

7.3. CRITERIOS DE ELEGIBILIDAD O SELECCION (de |os participantes)
Indicar Ios criterios de elegibilidad y seleccidn de los participantes.
Acreditar estar desempefidndose en el drea de [a acuicultura o afines.

7.4. DOCUMENTACIGN REQUERIDA PARA POSTULAR
Especificar [a documentacion requerida para postular,

Cerificado de la Institucion en la cual se desempefia.

7.5. CUPQ DE ASISTENCIA (méaximo y minimo})

Indicar el ndmero méximo de participantes por cursa y el nimere minimo con el cual se recomienda y es
posible impartirdo.

Maximo: 30
Minime; 10



8. ESTRUCTURA DE LA INICIATIVA DE FORMACION

En esta seccién se solicita que los postulantes definan las (ineas tematicas que tienen previsto
desarrollar, y a partir de las cuales se configuran y estructuran los contenidos.

Se debe eniregar también la estructura en que se ordenan los madules, indicando la organizacion
temporal y secuencial que propone la Entidad postulante.

Ademas se debe indicar la relacion entre los distintos modulos y/o talleres que configuran la malla

curricular de la actividad de formacién o capacitacion.

Para cada curse yia taller se debe indicar el niimero de horas que comprende e indicar si se frata de midulos
obligatorios, © bien complementarios © electivos, dependiendo de las caracteristicas y naturaleza de la
actividad de formacion o capacitacion propuesta.

Para preparar esta seccion se recomienda revisar previamente la “Guia de apoyo para el disefio de
iniciativas de formacion con enfoque de competencias laborales”.

8.1. ESTRUCTURA DE LA INICIATIVA DE FORMACION
Introduccion (3.5 Hrs)

1, Definicion de Ciencia Nuiricional, Fisiologia Animal y Bioguimica.
2. Clasificacion de nutricionistas y Nutrientes,

Metabolismo Energético (1.5 Hrs)
1. Definicion de unidades basicas.
2. Energia y nomenclatura.
3. Ventajas del metabolismo energético en peces.

Metabolismo de Nutrientes (19 Hrs)
Proteinas y aminoacidos.

Toxicidad del amonio.

Lipidos y Acidos grasos,
Carbohidratos.

Vitaminas,

Minerales.

Alimentos y sustancias alimenticias.
Formulacion de alimentes y practica.

R i S S A

Acuicultura y Nuevas Areas de Investigacion (9.5 Hrs)
1. Futuro de la Acuicultura (Directrices).
2. Desarrollo de nuevas especies.
3. Desarrollo de dietas no contaminantes.
4. Investigacion de nuevas técnicas,

8.2. MALLA CURRICULAR

No corresponde.




13. EQUIPO DOCENTE [Ad]unlar curriculum vitae de cada integrante del equipo docente én Anexo
NS}

Incluir Ja némina de! equipo docente, identificando para cada uno de sus integrantes nombre completo,
RUT, entidad enla cual trabaja, ieléfono, direccion postal, aclividad principal y firma de cada uno de ellos.

Ademés en el Anexo § se debera completar 1a ficha para cada una de los dacentes que participan en la

propuesta.

Este cuadro se enfrega en el disquet en programa Microscft Excel, de modo gue debera ser construido en
diche programa, impreso y luego compaginado con el reslo del formulario para la entrega de las copias
impresas sefialadas en las presentes Bases. Es preciso tener presente que el disquet que debe ser

entregado junto con la propuesta impresa debe contener ambos archivos (Microsoft Word y Microsoft

Excel),
“NOMBRE - ; {%mﬁm TON: u\ii "Lugﬁgﬁgﬂg [ ) - [FirMA
t ) i (Ci- e ) ﬂdgu?g*.lsk 8 o Oiéa :!'
; 0'-1 TTespo )‘b"" i S (nrgamzador 0|,
> , : ‘““Wﬁ"‘*’ RIS "ot expositar -
1 Maria Isabel . VREGION,
Toleto Candidzlp Ph.D VALPARAISO PUCY DOCENTE | ORGANIZADOR
2 Gabriel VY REGION,
Yany Ph.D, VALPARAISO PUCY DOCENTE | ORGANIZADOR
3 Sungchul Pukyon | DOCENTE/INVE
Bai Ph.D| PUSAN, KOREA University STIGADOR EXPOSITOR
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14. PROGRAMA DE ACTIVIDADES DE LA PROPUESTA

Describir todas las actividades que se realizaran para llevar a cabo la actividad de formacién. Se deberan
incluir tanto las actividades propias de la grganizacién (por ejemplo, reuniones de organizacion, envio de .
invitaciones, publicacion de aviso, proceso de postulacion y seleccion de participantes, etc.) como de la
gjecucion de la actividad de formacion o capacitacién (por ejemplo, clases tedricas y practicas, exposiciones,
reuniones de trabajo, salidas a terreno, elaboracidn de informes, etc.). Las actividades deberan presentarse

ordenadas secuencialmente, indicando la fecha probable en que se realizara cada una de ellas.

Este cuadro se entrega en el disquet en programa Microsoft Excel, de modo que debera ser construido en
dicho programa, impreso y luego compaginado con el resto del formulario para la entrega de las copias
impresas sefialadas en las presentes Bases. ES preciso tener presente que el disquet que debe ser
entregado junto con Ya propuesta impresa debe contener ambos archivos (Microsoft Word y Microsoft

Excel).

Introducir observaciones

Ajuste de la

15-16/06/20068 | PUCV Organizacién propuesta a
de FiA a Propuesta solicitud de FIA
Elaborar material de Imprimir
17/06/2006 PUCVAmprenta | DIFUSION difusion afiches y
tripticos
Envio del
material de
. Dar a conocer realizacion difusién a
19/06/20086 PUCY DIFUSION del curso empresas,
universidades
| ¥ prensa
Inscribir a interesados en Inscripcién de
20-30/06/2006 | PUCV POSTULACION participar en curso AUMNOS
. . Preparacion de
20-30/06/2006 | PUCV QOrganizacion Preparar material apuntes
1.Definir
Introducir a los alumnos en umd.ades
17/07/2006 PUCV CLASES a0 basicas
el tema ,
2. Energia y
nomenclatura
1. Proteinas y
Instruir respecto a gm['_?;ggfgs'
18/07/2006 PUCV CLASES prlnglpales nutrientes en 30 Acidos grasos.
nutricién 3
Carbohidratos
Instrgir respectq a m.ﬂgﬁi
19/07/2006 PUCV CLASE gﬂtr;icz%arlles nutrientes en 30 3 Fgrmulaci an
de dietas.
Poner en practica lo 1. Folrmulamén
20/07/2006 PLCY TALLER aprendido 30 de alimentos
P ractica)
17/18/18y 20/ | PUCV Reunion Revision proyecto FIA FIA- | 6 Antecedentes y
0772006 investigadores | P1-C-2004-1-D-089, resultadeos det
Proyecio FlA analisis y discusidn de proyecto FIA-
con Dr. Bai resultados, proposicion P1-C-2004-1-D-
estrategias proximas 089
actividades el provecto
Direccion
futura de la.--f7 -
Conocer nuevas acuicultura. =
21/07/2006 FUCY CLASE tendencias en nutricion 30 Desarrollo de

acuicola

nuevas dietas.
Desarrollo de

dietas de baja |
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contaminacion.

Nuevas
técmicas para
investigacion.

. Alurmnos ..
220712006 | PUGV EVALUACION |Evelueciéndelcursoy | oo o ) | Resultados de
clerre, curso la Evaluacion

- ———



15, ANEXOS &

ANEXO 1: CURRICULUM VITAE DEL COORDINADOR DE LA PROPUESTA

Se debera incluir en esta seccion el cumcuium vifse del coondinador de la propuesta y fotocopia de los certificados de
titulos. Especificar funcidn y responsabilidad en 1a ejecucion de la propuesta, ademas se debe completar la ficha que
sigue a continuacion.

FICHA DE ANTECEDENTES PERSONALES RESUMIDA . ., . .- -

ANTECEDENTES PERSONALES
{Obligatorio para todos ios participantes}

Nombre completo Gabriel Yany Gonzalez
RUT

Fecha de Nacimiento 3 de marzo de 1947
Nacionalidad Chilena

Direcclon particular {indicar comuna y regién)

Fono particular

Celular

E-mail gyany@uev.cl

Banco y numero de cuenta corriente personal

Género {Masculino o femenino) Masculino

Indicar si pertenece a alguna etnia {mapuche,
aymara, rapa nui, atacameiia, quechua, collas,
alacalufe, yagan, huilliche, pehuenche)

Nombre y teléfono de la persona a quien avisar
en caso de emergencia
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ACTIVIDAD PROFESIONAL Y/O COMERCIAL (ACTUAL}

Nombre de la !nstitucién o Empresa a la que | PUCV
pertenece

Rut de la Institucién o Empresa

Nombre y Rut del Representante Legal de la|Alfonso Muga N.
empresa

Cargo Rector

Profesion

Direccion comercial {Indicar comunay regién) | Brasil 2950, Valparaiso, V

Fono y Fax comercial

E-mail rector@ucv.cl

Clasificacion de publico o privado

Banco y ndmero de cuenta corriente de fa
institucion

ACTIVIDAD COMO AGRICULTOR (ACTUAL).. . -~ = i’ o 0 =

(Completar solo si se dedica a esta actividad)

Tipo de Agricultor (pequefio, mediano o grande)

Nombre de la propiedad en la cual trabaja

Cargo {duefio, administrador, etc.)

Superficie Total y Superficie Regada

Ubicacion (detallada)

Rubros a los que se dedica (incluir desde
cuando se trabaja en cada rubro) y niveles de
produccion en el rubro de interés

Resumen de sus actividades

Organizaciones (campesinas, gremiales o
empresariales) a las que pertenece y cargo, si lo
ocupa

L
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CURRICULUM VITAE

GABRIEL ELIAS YANY GONZALEZ

Profesor de Biologia y Licenciado en Ciencias con mencién en Biologia por la Universidad
Catdlica de Valparaiso y Doctor en Ciencias y Técnicas en Produccién Animal, Opcién Ictiologia
Aplicada por el Instituto Nacional Politécnico de Toulouse-Francia.

Profesor Titular de la Pontificia Universidad Catdlica de Valparaiso, realiza docencia de pregrado
en la Escuela de Ciencias del Mar para las carreras de Ingenierfa Pesquera y de Ingemeria en
Acuicultura y de Postgrado para ¢l Doctorado en Acuicultura y el Magister en Ecologia y
Sistematica del Instituto de Biologia. Fn esta funcion ha dirigido tesis de pregrado y formado
parte de Comisiones de Tesis de pre y postgrado.

Su mvestigacion la ha realizado fundamentalmente en ¢l area de Fisiologia de_la-alimentacién,———

* —_—— 1 - oo - .
——reproduccion y osmoregulacion de peces y en el cultivo de salménidos. Ha participado en
proyectos Fondecyt, Fondef, destacdandose entre estos:

= Fondef D93, “Manejos reproductivos aplicados a la produccién de salménidos™

= Fondef D9611038, “Elaboraciéon y Comercializacion de una vacuna di-valente para controlar
los agentes piscirricketsia salmonis y virus de Ja necrosis pancreética infecciosa (P.S-IPNv)
en la Industria Salmonicultura”™. :

= Fondef D97T1003, “Transferencia Tecnoldgica en procesos de cultivo de salmones”.

= Fondef D99I1055, “Optimizacién inmunologia y genética de péptidos endogenos
antimicrobianos en ostiones (argopecten purpuratus)  para aumentar su capacidad
exportadora”.

= Fondef D0111046, “Generacion de nuevas materias primas para la alimentacidén de e5p601es
acuicolas basadas en productos algales: I Peces”.

Ha publicado una vemtena de articulos en revistas cientificas y 4 manuales de innovacion para la
industria piscicola. También ha participado en proyectos de investigacion financiados por FIP y
FIA y presentado trabajos a Congresos nacionales e internacionales.

Ha sido asesor de empresas de cultivo de salmones y miembro del Grupo de Estudio de proyectos
Fondecyt en el 4rea de Produccion Animal.

En la Pontificia Universidad Catolica de Valparaiso, ademas, se ha desempefiado en los cargos
administrativo-académicos de Director de la Escuela de Ciencias del Mar, Decano de la Facultad

de Recursos Naturales, Vicerrector de Administracién y Finanzas, Secretario General.

Actualmente es Consejero del Fondo de Investigacion Pesquera, Vicerrector de Investigacion y

Estudios Avanzados en la PUCV, Director de la Fundacion San Ignacio del Huinay, Dlrector de o

Quintil S.A. y Director de] Centro de Formacion Técnica de la PUCV.

Valparaiso, Noviembre de 2005



FICHA DE ANTECEDENTES PERSONALES RESUMIDA - .- ... -

h ANTECEDENTES PERSONALES
(Obligatorio para todos los participantss o postulantes)

Nombre completo

Maria Isabel Toledo Donoso

RUT

Fecha de Nacimiento 311011953
Nacionalidad Chilena
Direccion particular {indicar comuna y

region)

Fono particular

Celular 9-3494714
E-mail itoledo@uev.cl
Banco y numere de cuenta corriente

personal

Género {(Masculino o famenino) Femenino

Indicar si pertenece a alguna etnia
{(mapuche, aymara, rapa nui,
atacamefio, quechua, collas, alacalufe,
| yagén, huiiliche, pehuenche)

Nombre y teléfono de la persona a
quien avisar en caso de emergencia

ACTIVIDAD PROFESIONAL Y/O COMERCIAL (ACTUAL)
(Los agricultores deben llenar la seccion siguiente)

Nombre de la institucién o Empresa a la
que pertenece

Rut de la Institucién o Empresa

Nombre y Rut del Representante Legal
de la empresa

Cargo

Profesion

Direccidn comercial {Indicar comuna y
region)

Fono y Fax comercial

E-mail
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Clasificacion de publice o privado

Banco y numero de cuenta corriente de
Ia institucion e

ACTIVIDAD COMO AGRICULTOR {ACTUAL}
{Completar sélo si se dedica a esta actividad)
Tipo de Agricultor (pequeio, mediano o '
| grande)
Nombre de la propiedad en la cual
trabaja
Cargo (dueiio, administrador, etc.)

Superficie Total y Superficie Regada

Ubicacidn (detallada)

Rubros a los que se dedica (incluir
desde cuando se trabaja en cada rubro)
y niveles de produccién en el rubro de
interds ~

Resumen de sus actividades

Organizaciones {(campesinas, gremiales
o empresariales) a las que pertenece y
cargo, si lo ocupa




CV: M* Isabel Toledo Donoso.

1. Datos personales

Nombre: Maria Isabel Toledo Donoso

Institucion: Pontificia Universidad Catdlica de Valparaiso

Cargo actual; Profesor Jomada. Adjunto de la Universidad Catdlica de Valparaiso.

 E—

Direccion: Avenida Altamirano 1480 of. 204 | Ciudad: Valparaiso

Teléfonos: (32) 274279; |Fax: (32) 274263; 274206 |E-Mail: itoledo@ucv.cl
274263

L

2. Datos curriculares

Grados [Lugar " |Fecha
Maestria Universidad de Oregon. Oregon (1982
EE.UU.

Doctorado en Acuicultura Universidad de Chile, Santiago, |EN CURSO
| Chile

Indicar cualquier otra actividad de entrenamiento que haya contribuido a su
experiencia profesional actual,

e Curso Estrategias empresariales Universidad Adolfo Ibafiez, Vifa del Mar,
, 2000,

« Diplomado en Curriculo basado en competencias. U. de Santiago PUCV,
2004,

2. Publicaciones de los Gltimos 5 afios. (En caso de citar un libro por
favor indique si éste es un volumen completo o un capitulo). Repita esta
ficha las veces que sea necesario.

Titulo:. Capitulo 2 titulado Problem Formuiation and Options Assessment (PFOA):
science-driven deliberation in risk assessment of transgenic fish .

Autores: Kristen C. Nelson, Zubaida Basiao, Anne Cooper, Madan Dey, Miguel
Lorenzo Hernandez, Sukun Kunawasen, Li Sifa, Domingo Fonticiella, Blake D.

Ao
2006

Nombre de la revista/editorial: Paginas
Environmental Assesment of Genetically Modified ¢

Organisms

Ratner, Maria-Isabel Toledo, Wattana Leelapatra Kapuscinski,Sifa and Hayes . -




2. Titulo del volumen (en caso de libro o capitule de libro)

Volumen N 3 de la serie CABI, serie titulada: Environmental Risk Assesment of
Genetically Modified Organisms: Building Scientific Capacity for Transgenic Fish in
developing Countries —

Editorial (Incluya lugar de edicién)
CABI Publishing. En revision.

Paginas —’Ano '

Titulo:
Lupino dulce: Un ingrediente para la alimentacion de truchas y salmones

' Autores: Toledo, M., G. Olivares, P. Soto y A. Manriquez. 2004.. Universidad
Catdlica de Valparaiso. Pégs. 11-25.

1. Nombre de la revista/editorial: Lupino dulce: Paginas Aho
Leguminaosa en la produccion de alimento para 43 2004
salmadnidos,Pontificia J
2. Titulo del volumen (en caso de libro o capitulo de libro)

Editorial (Incluya lugar de edicién) Paginas Ao
Pontificia Universidad Catolica dwe Valparaiso ISBN -956- 2004

17-0352-1, Inscripcion N° 138710 Derechos reservados.

|

Titulo:
Reempiazo de harinag de pescado por Harina de Lupino (Lupinus albus) en alimentos
extruidos para Gucha Arcoiris

Autores: TOLEDO M.L. , G. OLIVARES y P. SOTO

Nombre de ia rewsta Jeditorial: Paginas ARho
3er simposio Avances y Proyecciones de ia Acuicultura en |40 2002
Chile, X Congreso Latinoamericano de Acuicultura (ALA).

£t Universidad Catdlica del Norte, Coquimbo, Chile.

P. Titulo del volumen (en caso de libro o capitulo de libro)

Editorial (Incluya lugar de edicion)

Paginas Wﬁﬁo

Titulo
Pigzs: nutricion y calidad para la acuicuftura nacional
Autores: Marfa Isabel Toledo 7 ":,‘aa::.Z?‘\L\
Nombre de Ia revista/editorial: Paginas /. |Afio i
Chile Acuicola. {= 2003 |
\ )



2. Titulo del volumen (en caso de libro o capitulo de libro)

Editorial (Incluya lugar de edicion) Paginas ‘ Ano
| -
Titulo:
Fremix de algas en alimentos para peces
'Autores: Maria Isabel Toledo
Nombre de la revistafeditorial: | Paginas | Afio
Chile Acuicola. |

‘ " 2002

2. Titulo del volumen (en caso de libro o capitulo de fibro)

Editorial (Incluya lugar de edicion) Paginas

3. Presentaciones en congresos internacionales/nacionales durante

los altimos 5 anos.
(Repetir esta ficha las veces que sea n

ecesario)

[Titulo de la presentacion: Marco legal nacional de bioseguridad en Chile

' Autores: Maria Isabel Toledo

Nombre y lugar del congreso:
Transgenic Fish Biosafety Writing
Worshop, 17 - 21 Octubre 2005.
Penang, MALASYA Scientific &
Technical Advisory Panel (STAP) to
the Global Environment Facility (GEF).
Experto invitado.

Ano
2005

Titulo de la presentacidn: Problem Formulation and Options Assessment (PFOA):
science-driven deliberation in risk assessment of transgenic fish.

Autores: Maria Isabel Toledo

Transgenic Fish Biosafety Writing ,
Worshop, 17 — 21 Octubre 2005.
Penang, MALASYA Scientific &

' Technical Advisory Panel (STAP) to
the Global Environment Facility (GEF). |
Experto invitado. |

Nombre y lugar del congreso: Anho

2005




Titulo de la presentacion:

“Generacidn de fuentes alternativas de materias primas para la alimentacion de
especies acuicolas, basadas en productos algales: . Peces,

| Autores: Maria Isabel Toledo

Nombre y lugar del congreso: Afo
Algas enriquecidas como ingrediente en | 2005
la produccion de alimentos para

salmonidos Puerto Montt

Titulo de la presentacién:
Enricehd seaweed for salmonid feeding.

Autores: Maria Isabel Toledo

Nombre y lugar del Ao

congreso: 2004

XVIT Internatinal Seaweed

Symposium Bergen Noruega

Titulo de la presentacién: ]

Diversificacion del uso del Lupino (Lupinus albus) utilizandolo como fuente proteica
alternativa en la alimentacion de la salmonicultura
Autores: Maria Isabel Toledo

Nombre y lugar def congreso: |Ano

Sector agricola y la biotecnologia, | 2004
situacion actual y
desafios, Santiago

Titulo de la presentacion:
Generacion de fuentes alternativas de materia primas para Ia alimentacion de
especies acuicolas basadas en productos algales. I Peces

Autores: Maria Isabel Toledo

Feria Creativa Fondef 2003

Nombre y lugar del congreso: J Afio

Titulo de la presentacién:
Manejo Alimentario de la Salmonicuitura

| Autores: Maria Isabel Toledo )
Nombre y lugar del congreso: ‘Aﬁo G
INTESAL - Aqua Sur 2003 AN S




Titulo de la presentacién:
Nuevos insumos para la alimentacion de salmones

Autores: Maria Isabel Toledo

Nombre y lugar del congreso: Ano
Feria internacional del Salmon Fisal | 2003

Titulo de la presentacion:

truchas arco iris

Reemplazo de harina de pescado por harina de fupino en alimentos extruidos para

Autores: Maria Isabel Toledo

Nombre y lugar del congreso: Afo
X Congreso Latinoamericano de 2002

Acuicultura. Santiago, Chile.

5. Proyectos en los cuales el investigador ha trabajado los Gltimos 5

anos.
(Repetir esta ficha las veces que sea necesario)

Nombre del Proyecto

trucha arco iris.

Aios
Utilizacion de atractantes naturales en alimentos artificiales para ] 2005-2006

Categoria en la que participé |Fuente de financiamiento

| Director de Proyecto

PUCV-UNIVERSIDAD DE CONCEPCION

Nombre del Proyecto

FIA PI-C-2004-1-D-089 Aplicacion del Tomillo ( 7hymius vulgaris)
en el manejo de enfermedades de la salmonicultura.

Anos
2004

Categoria en la que participé |Fuente de financiamiento
Director de Proyecto

FUNDACION PARA LA INNOVACION

AGRARIA N

Nombre del Proyecto Anos

2004
DI 2237962004 "Utilizacion de Leptocarphus ruvilares, planta
medicinal, en el tratamiento de hematomas cancerigenos en higados
de truchas de cultivo”.
Categoria en la que particip6 Fuente de financiamiento
Director de Proyecto PUCV




Nombre del Proyecto Anos
Proyecto FIA C-01-1-D060 . "Diversificar el uso de! lupino, 2001
utilizandolo como fuente proteica alternativa en [a alimentacidn
de Ia salmonicultura

Categoria en la que participé |Fuente de financiamiento

Director de Proyecto FUNDACION PARA LA INNOVACION
AGRARIA

Nombre del Proyecto Anos

Evaluacion de la hatina de lupino como fuente proteica 2001

alternativa en formulacion de alimentos para reproductores de
trucha arco iris

Fuente de financiamiento
PUCVY

Categoria en la que participé
 Director de Proyecto

Nombre del Proyecto Ainos
FONDEF D01-I-1046 “Generacidn de fuentes alternativas de materias | 2001
primas para la alimentacién de especies acuicolas, basadas en

Lproductms algales: 1. Peces.

Fuente de financiamiento
FONDEF

Categoria en la que participo
Director de Proyecto

4. Formacion de estudiantes y de investigadores jovenes. Incluya tutoria
y co-tutoria de tesis,
Entrenamiento a través de seminarios individuales o colectivos, cursos, etc.
(Repetir esta ficha las veces que sea necesario)

Nombre de Ia tesis /seminario/curso
Utilizacion de harina de lupino -lupino albus- en formulaciones de alimento para
juveniles de trucha arcoiris -oncorhynchus mykiss.

Grado postulado Lugar/institucion Ao
Ingeniero Pesquero PUCV 2004

Nombre de |la tesis/seminario/curso
Evaluacion de la prefactibilidad técnica-economica de cultivo de carpa -cyprinus
carpio- utilizando agua proveniente del sistema de refrigeracion de una central
termoeléctrica.

Grado postulado ‘ Lugar/institucion Afio
Ingeniero Pesquero PUCVY 2001

Nombre de la tesis/seminario/curso

escala comercial, en la IX region.

Prefactibiidad técnico-econdmica para el cultivo del puye -galaxias maculatus a|

Lugat/institucién A;IO i N

Grado postulado 0
PUCV : 2002

Ingeniero Pesquero

i



Nombre de la tesis/seminario/curso
Disefio y dimensionamiento de un sistema de remocion de desechos organicos
para ser implementado en bafsas-jaulas.

Grado postulado Lugar/institucion Ano
Ingeniero Pesquero PUCYV 2001

7. Consultorias a particulares, empresas o instituciones {publicas y
privadas)

{Describa en detalle).

Se desemperia como Jefe de Proyecto en Los estudios de Pesca o
Acuicultura que realiza Aquambiente Ltda.

Se desempeiia como perito judicial en materias acuicola pesqueras
Diagndstico para el Fortalecimiento de las Politicas Ambientales Referentes
a la Introduccidn de Especies Hidrobiologicas Exdticas. Para Comision
Nacional del Medio Ambiente.

Supervision del Estudio de Potencial de Cultivo Hidrobiologico Estuarinos y
seleccidn de sitios aptos en la VII Regidn. Para Gobierno Regional de la VII
Region.

Informe Pericial- Tasacion de Aparejos de Pesca. Determinacion del valor de
las especies incautadas a bordo del pesquero Pan Atlantis I. Ordenado por
el 20 Juzgado Civil. Valparaiso.

Estudio Ambiental para 5 empresas procesadoras de Puerto Natales
(Pesquera Edén 1y 2, Pesquera Froward, Comercial Mac Clean y Cia.,
Pesquera Cold S.A.).Con financiamiento Corfo.

Estudio de antecedentes Biologico Técnico de Cultivo de Pejerreyes en
Terrenos Adyacentes al lago Rapel. Prefactibilidad Técnica-Econémica.
Sercotec VI Region.

Caracterizacion de las Aguas de la XI y XII regiones, para evaluar el
potencial de Cultivos Marinos. Proyecto FTT Austral.

Supervision en Estudio de Mercado de Productos Pesqueros de Caletas
Artesanales de la VI Regidn. Disefio de Plan Estratégico Encargado por
Gobierno Regional de la VI Region.

Determinacion de Porcion de Agua y Fondo para Cultivo en Nehuentue, IX
Region.

Diagndstico y Difusién de Pisciculturas en Aguas Interiores de la VI Regidn.
SERNAPesca V Region.

Evaluacion Impacto Ambiental en Ecosistema costero adyacente Planta
Termoeléctrica-Tocopilla.

Alternativas de aprovechamiento de capturas pesqueras en la industria de la
acuicuitura (Pesca Chile),

Estudio de Impacto Ambiental Maritimo para Celulosa Arauco en Laraquete
(VIII Region).



FICHA DE ANTECEDENTES FERSONALES RESUMIDA E

S L
.’.r‘:,; 1

ANTECEDENTES PERSONALES

{Obligatorio para lodos los participantes) - e
Nombre completo Bai Sungchul Charles
RUT
Fecha de Nacimiento 23 de Febrero de 1954
Nacionalidad Kaoreana

Feeds and Foods Nutrition Ressarch Center
Pukyong National University

, Busan 608-737, Korea
Fono particular (B2-51) 620-6137/6874

Direccién particular (indicar comuna y region)

Celular
E-mail schai@pknu.ac.kr

Banco y nimero de cuenta cormiente persenal

Género (Masculino o femenino} Masculino

Indicar ei pertenece a alguna etnia (mapuche,
aymara, rapa nui, atacameia, quechua, collas,
alacalufe, yagan, huilliche, pehuenche)

Nombre y teléfono de la persona a quien avisar
en caso de emergencia



iacosta
Rectángulo


ACTIVIDAD PROFESIONAL Y/O COMERCIAL (ACTUAL)

Nombre de la Institucion o Empresa a la que
pertenece

Feeds and Foods Nutrition Research Center
Pukyong National University,

Pusan
Rut de la Institucién o Empresa
Nombre y Rut del Representante Legal de la
empresa
Cargo Investigador/Docente
Profesion Or. en Nutricion Animal

Direccion comercial (Indicar comuna y region)

Feeds and Foods Nutrition Research Center
Pukyong National University

Busan 608-737, Korea

Fono y Fax comercial

E-mail

Clasificacion de pablico o privado

Bance y ndmero de cuenta corriente de la
institucion

ACTIVIDAD COMOQ AGRICULTOR (ACTUAL) -
{Completar solo si se dedica a esta actividad) .. . ~

Tipo de Agricultor (pequefio, mediano o grande)

Nombre de la propiedad en la cual trabaja

Cargo (dueiio, administrador, etc.}

Superficie Total y Superficie Regada

Ubicacion (detallada)

Rubros a los que se dedica (incluir desde
cuando se trabaja en cada rubro} y niveles de
produccion en el rubro de interés

Resumen de sus actividades

Organizaciones (campesinas, gremiales o
empresariales) a las que pertenece y cargo, si lo
ocupa




ANEXO 2: ANTECEDENTES DE LA ENTIDAD RESPONSABLE



Universtdad Catolica de Talpararso

2. INGRESOS OPERACIONALES (miles de §)

Los principales ingresos que registra la Universidad cada afio provienen de los aranceles
de matriculas de sus estudiantes de Pre Grado y Past Grado, investigaciones académicas,
apontes fiscales directo e indirecto, fondos concursables del sector publica y donaciones

del sector privado

2005 2004

Donaciones Privadas
Recursos con Restriceion al Cierre
del Ejercicio

Donaciones sin Restriccion al
Cierre del Ejercicio

Subvenciones y Aportes
Aporte Fiscal Directo
Aporte Fiscal Indirecto
Aporte Fiscal para Becas
Otrras Transferencias Fiscales
Fondos Concursables
Recursos con Restriccion A Ant.
Recursos con Restriccion al Cierre
del Ejercicio

Subvenciones / Aportes sin
Restriccion al Cierre del Ejercicio

Servicios Académicos
Matriculas
Derechos Universitarios
Investigaciones Académicas

Servicios No Académicos
Servicios Generales
Arriendos en General
Venta de Bienes y Productos
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Universidad Catohea de 1alparaiso

3. GASTOS OPERACIONALES (Miles de $)

Personal
Sueldos
Honorarios y Becas
Colaciones y Viaticos
Provision Vacaciones Devengadas
Indemnizaciones y otros beneficios
Nota: En el ano 2005 quedan
provisionados $ 1.201.419 M., por
desvinculacion  profesores 2005/2006
valor final acordado a pagar en Marzo

2006.- E1 2004 1a prov.fue de $ 450.235M

Bienes de Consumo
Bienes de Consumo Corrmiente

Bienes no Inventariables
Combustibles y Lubricantes

Servicios No Personales
Servicios Basicos
Servicios de Transporte y Comunicacion
Arriendos Pagados
Sepuros
Manutencion -
Otros Servicios

Transferencias
Becas y Beneficios Alumnos
Fondo Bienestar del Personal
Consejo de Rectores
Fondo Solidario Crédito Universitario
Otros Organismos

4. INGRESOS NO OPERACIONALES (Miles de §

Renta de Inversiones
Intereses de Inversiones
Dividendos

Intereses por Préstamos al Personal


iacosta
Rectángulo

iacosta
Rectángulo


Universidad Ceasohea de ) alparaiso

Tasas Recargo Mateiculas y otros
Tasas de Recargo Matriculas
Ingresos Anos Anteriores
Ingresos No Clasificados

5. GASTOS NO OPERACIONALES (Miles de $)

Gastos Legales y Financieros
Intereses y Reajustes
Comisiones y Gastos Bancarios
Permisos de Circulacion, Gastos
Notariales, Judic., Impuestos y Otros
Crédito Fiscal IV A Rechazado
Descuento por Pronto Pago Matriculas
Diferencias de Cambio

6. SINIESTROS Y CASTIGOS DEL PERIODO (Miles de $)

Siniestros y Castigos del Periodo
Castigo Activo Fijo y Bodega Reactivos
Provision Incobrabilidad Alumnos, otros
Deudores y Condonacion Deuda
Matriculas
Provision Incobrabilidad Prestamos al
Personal

7. RESUMEN DE LOS PRINCIPALES CRITERIOS CONTABLES APLICADOS

A) E;ASES DE PREPARACION DE LOS ESTADOS FINANCIEROS

Los estados financieros han sido preparados de acuerdo con principios de contabilidad
generalmente aceptados y consistentes con los aplicados en afios anteriores. Conforme lo
establecido por ef Boletin Técnico # 63 del Colegio de Contadores de Chile A.G. para las
organizaciones sin fines de lucro, se han aplicado los puntos relativos a reconocer las
restricciones temporales y permanentes que puedan afectar a los activos Circulantes y
Fijos. De igual forma se aplico lo establecido en el Boletin Técnico # 47 que dice relacion

con el reconocimiento del costo de las vacaciones devengadas por el personal al cierre del
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Universidaed Cenidbrea el alparaiso

ejercicio, reconociéndose la variacion de las mismas con cargo a los resultados del

ejercicio

B) CORRECCION MONETARIA

Los estados financieros han sido ajustados mediante 2 aplicacion de las normas legales de
correccion monetaria vigenies, de acuerdo a principios de aceptaciéon general. Para el
presente ejercicio, se han corregido monetariamente las cuentas de Ingresos y Gastos. El

saldo de la aphlicacion de dicha correccion se ongina de la siguiente forma;

Activo Circulante

Pasivo Circulante
Activo Fijo

Fondo Depreciaciones
Capital Propio

Otros Activos

Ingresos
Gastos

Cargo Neto a Resuliados

El Balance y el Estado de Actividades del periodo anterior han sido ajustados en un 3,6%,
corespondiente a la variacion del [PC en el periodo relevante, para efectos de permitir una

adecuada comparacion con Jos estados financieros del presente ejercicio.

C) DEPOSITOS A PLAZO E INVERSIONES
Los depositos a plazo e inversiones se presentan a sus valores de inversion mas los

reajustes ¢ intereses devengados al 31 de Diciembre.

D) DEUDORES MATRICULAS

Por primera vez, se ha efectuado el proceso de matricufa para alumnos de primer aiio del
ano academico sipuiente, durante el mes de Diciembre del afio en curso, lo anterior ha
significado reconocer las deudas de estos alumnos con la Universidad descontando al
arancel de inscripcion respectivo, como igualmente reconocer el ingreso anticipado de
dichas matriculas, .dado lo anterior la composicion de las dendas alumnos al 31 de
Diciembre es la siguiente
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Unmiversidad Cataliea de alparaiso

-Deudas del afio académico 2005 Activo Circulante
-Deudas del afo académico 2006 Otros Activos
Total deudas alumnos

E) ACTIVO FIIO

El Activo Fijo se presenta a su costo de adquisicion mas las revalorizaciones legales
acumuladas af 31 de Diciembre del afio de cierre. La depreciacidén de dichos bienes, se ha
calculado de acuerdo al sistema lineal, considerando los afios de vida util remanente de los
respectivos bienes, para el afio 2005 ésta fue de $1.739.482.694 y para el afio 2004 fue de
$1.685 594.015.

8. COMPROMISOS CON BANCOS

La Universidad ha contratado créditos con bancos privados nacionales tanto para el corto
plazo como para el largo plazo. Estos fondos han sido utilizados para cancelar
indemnizaciones por desvinculacion del personal académico desde el afio 2001 a la fecha
y una parte para cubrir necesidades normales de operacién. Los compromisos pendientes
al 31 de Diciembre del 2005 son Jos siguientes:

Banco del Estado

Banco Scotiabank CR 1

Banco Chile (deuda en §)

Banco Scotiabank CR.2

Ranco Scotiabank CR.3 Curauma

Banco Chile (Desvinculacion 2005)
Intereses Devengados al Cierre del Ejercicio

Totales
9.-INGRESOS ANTICIPADOS

Durante el mes de Diciembre de este ejercicio, por primera vez tuvo lugar al proceso de
matriculas de alumnos de primer afio del afio siguiente, por este motivo se reconocié un
ingreso anticipado por concepto de matriculas afio académico 2006 por $ 5.358.347.000.-

10. PROVISIONES Y CASTIGOS

Durante el afio 2005 la Universidad procedit al igual que afios anteriores, ha efectuar una
provision de castigo de deudas incobrables de alumnos del afio 2004 y anteriores como
también provisiones contables sobre deudores varios de dudosa recuperaciéon lo cual,

unido al castigo de algunas existencias significé un cargo a resultados final de $
456.414 405 -

6
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{ nversidad Catolica de 1 alparaiso

10 IMPUESTO RENTA

La Universidad no ha constiruido proviéién para impuesto a la renta de primera categoria,
dado que segun el Decreto Ley 1604 Art.14 publhicado en e! Diario Oficial del 03/12/76 y
en conformidad con el Decreto Ley 824 Art.40 N°2, las Universidades mantienen su
exencion por los ingresos que le son propios a su actividad, quedando sujetas solamente al
pago de los impuestos sobre las utilidades generadas por las actividades del art.20 N° 3 y

N° 4 que puedan estas realizar.

11. GARANTIAS Y AVALES

La Universidad por acuerdo del Honorable Consejo Superior, se ha constituido como aval
de los créditos bancarios que han obtenido las empresas relacionadas Corporacion de
Television de la Universidad Catolica de Valparaiso y CFT UCEVALPQO , ademas se han
otorgado garantias con boletas extendidas por bancos, a favor de terceros para caucionar

recursos provenientes de Proyectos.

Al cierre del ejercicio estos tipos de créditos y las garantias de proyectos son los
siguientes.
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Cmversidnd Cotohica de Y alpgraiso

12. HECHOS POSTERIORES

Hasta ia fecha de 1a emision de los presentes Estados Financieros no han ocurridos hechos
relevantes que pudieran tener un efecto significativo en las cifras presentadas al 31 de

diciembre de 2005

N MARTIN

Corntaddr Direcior dd Finan:zas

.



ANEXO 3: ANTECEDENTES DE LA(S) ENTIDAD(ES} ASOCIADAS



ANEXO 4: CONTENIDOS DE LA ACTIVIDAD

Short Course
in
Physiology of Fish Nutrition

July 17 to 21, 2006.

Escuela de Ciencias del Mar, Pontificia Universidad Catdlica de Valparaiso,
Av. Altamirano 1480, Valparaiso.

Professor: Dr. Charles Bai, Ph.D., Nutrition/Physiological Chemistry. (See attached CV)
Units and Topics of the course.

UnitI.-

Introduction: 1. Define Nutritional Sciences, Biochemistry and Animal Physiology
2. Classification of Nutritionists and Nutrients

1-1. Definition of Fish Nutrition and Biochemistry:

1-2. Definition of Physiology:

1-3. Important subjects of physiology:

2-1. Nutritionists:
2-2. Nutrients:
2-2-1. Major nutrients groups: Protein, Lipids, Carbohydrates, Vitamins, Minerals and Water

Unit II.-

Energy metabolism: 1, Define the basic units
2. Energy partitioning and nomenciatures
3. Advantages of E metabolism in Fish

1-1. Calorie

1-2. Joule

2-1. Energy partitioning

2-2. Nomenclatures

3. Advantages of Energy metabolism in Fish

Nutrients metabolism: 1. Protein & amino acids
2. Ammonia toxicity

1-1.  Protein’s structures, function and roles

1-2.  Evaluation of protein quality

1-3.  Nitrogen excretion (urea, uric acids, ammonia)

1-4.  Amino acids’ structure function

1-5.  Definition of Essential Amino Acids (EAA) and NEAA

1-6.  Definition of Biochemical Amino Acids and the Definition of Life Status
2-1. Ammonia Toxicity via TCA

2-2.  via Neuro-transmitter



2-3.  via unbalance of Cation in and out side of Cell (Na-K ATPase)

Unit III.-
Nutrients metabotism: 1. Lipids and fatty acids

2. Carbohydrates

3. Vitamins

4, Minerals
Utilization, Classification and Function of Lipids
Classification, Properties and Structures of Fatty acids
Definition and Synthesis pathway of Essential Fatty Acids
Classification and Function of Carbohydrates
Properties and Structures of Carbohydrates
Essentiality of Carbohydrates and New Concept of Carbohydrates in Nutrition
Classification and Function of Vitamins
Properties and Structures of Fat Soluble Vitamins
Properties and Structures of Water Soluble Vitamins
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4-1. Definition and Function of Minerals
4-2. Major Minerals
4-3. Semi-essential Minerals

Feeds, Feed stuffs and Feed formulation: 1. Feeds and Feed stuffs
2. Feed formulations and practice

1-1.  Classification of Feeds (FAO)

1-2.  International Feed Number(My Book and FAQ)

1-3.  Quality Control requirements for Fish meal and Fish oil (My Book and FAQ)
2-1.  Basic concepts of computer feed formulation

2-2.  Feed formulation practice I with 2-4 feeds stuffs for ﬂounder(tables)

2-3.  Feed formulation practice II

2-4. Feed Formulation practice III

Uint IV.-
Aquaculture and New area of research: 1. Direction of future aquaculture
2. Fish nutrition research review
(1) Develop new species diets
(2) Develop low poliution diet
(3) New techniques for research
1-1 Current status and future prospects of Worid Aquaculture
2-1  Develop new species diets (Korean rockfish)
2-2  Develop low pollution diets (Flounder)
2-3-1 New techniques for research (Operation Techniques in trout)
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Post Prandial Plasma Free Arginine Concentrations Increase in Rainbow Trout
Fed Arginine-deficient Diets

Gunjun Park, Sungchul C. Bai*, Im-ho Ok, Kyungmin Han, Silas S. O. Hung'
Quinton R. Rogers’ and Taesun Min*
Department of Aquaculture, Pukyong National University, Busan 608-737, Korea

ABSTRACT : Three experiments were conducted to determine the effects of dietary arginine concentrations on plasma free ammo
acid (PAA) concentrations in rawmbow trout, Oncorfyrchus myless (Walbaum) The first experiment was conducted to determine
appropriate post-prandial and food deprivation sampling times in dorsal aorta cannulated rainbow trout averaging 519+9.5 g (meantSD)
at 16°C. Blood samples were taken at 0, 2, 3, 4, 5, 6 and 24 h after feeding (0 and 24 h blood samples were taken ffom the same group of
fish). PAA concentrations increased by 2 h post-feeding and the concentration of all essenhal amino acids except histidine peaked at 5 h
and returned fo 0 time values by 24 h in the second experiment dorsal aorta cannulated rainbow trout averaging 528+11.3 g (meanSD)
were divided into 6 groups of 4 fish 1o study the effect of dietary arginine levels on PAA. After 24 h food deprivation, each group of fish
was fod one of six L-amino acid diets containing graded levels of arginine (0.48, 1.08, 1.38, 1.68, 1.98 or 2.58%) by mtubation. Blood
samples were taken at 0, 5 and 24 h after feeding. Post-prandiaf (5 h after feeding) plasma-free erginine concentrations (PParg) showed &
breakpoint at 1.03% arginine in the diet and post-absorptive (24 h afier feeding) plasta free-arginine concentrations (PAarg}) showed a
breakpoint at 1.38% arginine. PAarg increased linearty from fish fed diets containing arginine between 0.48% and 1.38%, and the
concentrations remained constant from fish fed dists containing arginine at or above 1.38%, but were all below PParg at ali time points.
Results of the third experiment confirm the results that PParg concentrations from fish fed arginine deficient diets were higher than
PAarg (0 or 24 h values). Thus, in contrast to mammals and birds, the PParg when arginine is present in the diet as the most limiting
amino acid such that it severely limits growth, increases in plasma rather than decreases. (Asian-Aust. J. Anim. Sci 2065, Vel 18, No.

3:396402)

Key Words : Arginine, Rainbow Trout, Dorsal Aorta Cannulation, Plasma Free Amino Acids

INTRODUCTION

Evaluation of plasma free amino acids concentrations in
mammals and birds has led to discoveries wnvolving the
genetic defects of amino acid metabolism, the secondary
perturbations of amino acid metabolism as a result of
primary renal or liver disease and the effects of amino acid
deficiencies, imbalances and toxicities on amino acid
metabolism (Zicker and Rogers, 1990) Factors influencing
plasma free amino acids (PAA) concentrations in growing
animals have been studied extensively. Although assay
procedures used in PAA studies have varied considerably,
the results obtained have been quite consistent in
demonstrating that dietary amino acid deficiencies result in
reduced plasma concentration of that amino acid, post-
prandially (Hill and Olsen, 1963), whereas dietary amino
* Corresponding Author. Sungchul C. Bai Tel: +82-51-620-6137,
Fax: +82-51-628-6873, E-mail: scbai@mail,pknu.ac.kr
t Department of Animal Science, College of Agriculture and
Environmental Sciences, University of California, Davis, CA
95616 USA.

2 Department of Molecular Biosciences, School of Veterinary
Medicine, University of California, Davis, CA 95616 USA.

? Korea Science and Engineering Foundation, Gajeong-dong,
Yuseong-Gu, Daejeon 305-350, Korea.

Received May 5, 2004; Accepted November 26, 2004

acid excesses have resulted mn increase of that amino acid in
the plasma (Richardson et al., 1953).

Studies in the chick (Richardson et al., 1953, Hill and
Olsen, 1963), rat (Swendseid et al, 1963; Young and
Zamora, 1968), pig (Puchal et al, 1962), human
(Longenecker and Hause, 1961; Snyderman et al., 1964)
and fish (Thebault, 1985) have clearly established that a
reduced concentration of an essential amino acid (EAA) in
plasma reflects a deficient level of that amino acid in the
diet.” Others (Munro, 1970; Young and Scrimshaw, 1570;
Young et al., 1971} showed that the pattern of amino acids
and the leve] of a specific EAA in plasma correlate with the
gbility of the dietary protein to support growth The
relationships between the concentration of PAA and dietary
amino acid intake have been the subject of reviews
(Leathem, 1968; McLaughlan and Mormnison, 1968, Munro,
1970; Young and Scrimshaw, 1970; Zicker and Rogers,
1990).

Although the effects of dietary protein sources and
amino acid mixtures on plasma free essential amino acid
concentrations in sea bass (Thebault, 1985) and in rainbow
trout (Schuhmacher et al., 1997, Vermeirssen et al., 1997)
have been reported, the complete dose-response
relationships for arginme have not been ivestigated
Therefore, the objectives of the present study were
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Table 1. Compasition of the besal dizt (% of dry matter)'
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Table 2. Amino acid composition of the basal diet (Yeof dry

Ingredients % matter)

EAA” 17.27 P . From

NEAA® 1236 Amino acids TOm RSN vstalline Totat!

. +gelatin f

Casein 500 amino ac1ds

Gelatin* 2.00 EAA

Dextrin® 2797 Argining 0353 1.924° 2277

Dextrose* 5.00 Histidine 0.194 0.725 0919

a-cellulose’ 8.20 Isoleucine 0.252 1.674 1.926

Fish oil® 10.00 Leucine 0 493 2.702 3.195

Carboxymethyl cellulose* 1.00 Lysine 0.502 1.904 2.406

Ca(H,P0,);H,0 3.00 Methionine 0.152 1.030 1.182

Choline bitartrate* 1.20 Cystine 0.019 0.172 0.191

Vitamin mixture® 3.00 Phenylalanine 0.271 1.742 2013

Mineral mixture’ 400 Tyrosine 0.270 1.335 1.605

' Dhets were neulralized with NaOH to give a final pH 6.6. Threonine 0.221 1.601 1.822

*EAA: Essential amino acids, Ajmomote, Tokyo, Japar Tryptophan 0065 0.452 0.527

*NEAA: Non-Easential amino acids, Ajinometo, Tokyo, Japan. Valine 0.350 1.999 2349

:Umt.ed States Biochemical (USB), Cleveland, Cluo. NEAA
Ewha Qil Company, Pusan, Korca, .

* Vi tamin mixtu:ea(r)rrlglkg feed unless indicated otherwise): vit. A, 3,000 A.laan. 0.345 1741 2.086
IU; vit. Ds, 2,400 IU; vit. E, 120 I menadione sodium bisulfate, 6, v, “5partic acid 0.483 3280 3.763
B,-HCL 15; vit B, 30; vit Be-HCL 15; vit By, 0.06; vit C, 300,  Clycine 0.538 0.758 1.296
calcium pantothenate, 150; nicotinamide, 150; inositol, 150; d-biotin,  Glutamic acid 1.298 3.616 4914
1.5; choline chloride, 3,000, pancreatin, 12.5. Vitamin mixture prepare Proline 0.790 0.568 1358
by our lsboratory and the individnal vitamins purchased from USB, Serine 0.374 2.398 2.772

Cleveland, Ohio, USA

? Mimeral mocture (mg/kg feed): MnSQ,, 320, ZnSQ,, 270, FeSQy,, 750;
CuS0Q,, 60, CoSQ,, 7, MgS8Q,, 17.3, K;50,, 212, NaCl, 519, K;HPQ,,
136; NaSeO,, 0 01; KI, 0.15. Mineral mixture was prepared by our
laboratory and Lhe individua! minerals purchased from Junsei Cheanical,
Tokyo, Japan.

determine the effects of the different dietary arginine levels
on PAA concentrations and to estimate the dietary arginine
requirement by using surgically modified young growing
rainbow trout (Oncorfiynchus mykiss).

MATERIALS AND METHODS

Animals and husbandry

Rainbow trout averaging 51919.5 g (Expenment I,
528+11.3 g (Experiment II) and 521%13.1 g (Experiment
III) were obtamed from Ewhajung Trout Farm m Sang Joo,
Korea. For all experiments, net cages (1.3 mx1.3 mx1.3 m)
were placed in a flow-through raceway with a water flow of
60 L/min Supplemental aeration was also provided fo
maintain the dissolved oxygen near 7.240.4 mg/L. Water
temperature was maintamed at 1610.2°C.

Dorsal aorta cannulation and intubation

The trout were anesthetized with 200 mg/l 3-
aminobenzoic acid ethyl ester methansulfonate (MS 222,
Sigma Chemical Company, St. Lows, MO) for 3 to 5
minutes, placed on a V-shape table and gills were
continuously imrigated with 16°C water containing 100
mg/L. of MS 222 during the operation. A 50 cm-long

TThe ammno acid profile simulaled that of 35% whole chicken egg protein
(Robinson et aL, 1981). .

* Six experimenial dicts were formulated to have graded levels of arginine
(0.48, 1.08, 1.38, 1.68, 1.98 or 2.58%); equal amounls of aspartic acid
and glutamic acid by weight were substituted by arginine in the basal
diet.

cannula (Clay Adams PE 50 tubing, Parsippany, NJ) with a

bubble about 56 ¢m from one end was washed with

hepannized Cortland saline solution (Houston, 1990) and a
13-gaupge needle was used to pierce a hole on the right

nostrum (ventral side up) for the cannula to exit A 19-

gauge needle was used to bere a small hole in the roof of

the mouth at the mid-line behind the third gill arc at a 30°
angle and a piano wire was inserted into the PE 50 tubing as

a guide. The proper msertion was verified by the

observation of a slow blood flow after the wire was

withdrawn from the cannula. A 3 ml syringe with a 23-

gauge needle was used to remove air and blood clot and the

cannula was flushed with the heparin solution. The cannula
was sutured behind the bubble on the roof of the mouth, led
out from the right nostrum, plugged with a color head pin,
ard sutured af the dorsal fin (I-H Ok et al., 2001; Ba et al,,
2003).

Experimental design and diets

Experiment I was conducted to determine the
appropriate post-prandial and post-absorptive time for
blood sampling 1n dorsal aorta cannulated rainbow trout (I-
H Ok et al, 2001; Bai et al., 2003). After dorsal aorta
cannulation, the trout were divided into 6 groups (4 fish per
group) in each net cage and were fed a commercial minbow
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trout diet (Woosung Feed Co Ltd., Taejon-Si, Korea) for 3
days until the fish recovered from the operation of dorsal
aorta carmulation. After 24 h food deprivation, these fish
were intubated with the L-amine acid based diet at 1% body
weight (dry-matter), anesthetized with MS222 and blood
was sampled at 0,2, 3, 4, 5, 6 and 24 h thereafter (0 and 24
h bloed samples were taken from the same group of fish).
The basal diet was formulated by the modification of Kim
(1997) and contammed a 29.6% crystalline amino acid
mixture, 5% casem and 2% gelatin. Ingredients and amino
acid composition of the basal diet are shown in Table 1 and
2, respectively. The ingredient mixtures without cil were
stored at -80°C until used and basal diet was prepared by
adding fish oil (10% of diet) and water (0.4 part of distilied
water-diet, w/w) before intubation.

Experiment II was conducted to determine the effects of
different dietary arginine levels on post-prandial (5 h after
feeding, PParg) and post absorptive (24 h after feeding,
PAgrg) plasma free arginine concentrations in rainbow trout.
Rainbow trout were divided into 6 groups of 4 fish each in
net cage and fed a commercial diet (Woosung Feed Co. Ltd.,
Taejon-Si, Korea) for 3 days until the fish recovered from
the operation of dorsal aorta cannulation. After 24 h food
deprivation, these [ish were intubated with 1% body weight
(dry-matter} of the experimental diets. Six diets were
formulated to contain 0 48, 1.08, 1.38, 1.68, 1.98 or 2.58%
of argimne. Equal amounts of aspartic acid and glutamic

PARK ET AL.

acid by weight were substituted for the proper amounts of
argimne 1n the diets. Each group of fish was anesthetized
and blood was sampled from each fish within a group at 0,
5 and 24 h after intubating the expenmental diets (0.4 parts- -
of distilled water chet, w/w) by using a 3 ml syringe.

Expenment III was conducied to confirm the results
from Experiment II in which PParg were higher than PAarg
from fish fed the arginine deficient diet (0.48%). Four
rainbow trout were fed a basal diet tor 3 days until the fish
recovered from the operation of dorsal aorta cannulation.
After 24 h food deprivation, these fish were intubated at 1%
body weight (dry-matter) of the 0.48 or 2.58% arginme diet
Two consecutive dietary periods were used: the first peniod,
3 days of the 2.58% arginine diet; the second period, 3 days
of the 0.48% arginine diet In the first period, 0 h post
feeding blood samples were taken at the beginning of day 1
and 24 h later (24 h after feeding). During the second peniod,
0 h and postprandial (5 h after feeding) blood samples were
taken for 3 days (day 1, 2 and 3). The post-absorptive (0 h)
blood samples were taken on day 4 (24 h after feedmg fish
on day 3).

Sample collection and analysis
Fish were anesthetized with 200 mg/l MS8222 and 300

pl blood were sampled from each fish Plasma sampies
were prepared by centrifugation at 3,000xg for 10 min. For
deproteinization, the plasma samples were mixed with 10%

Table 3. Plasma free amino acid concentrations (nmol/ml) afler feeding the basal diet (Experiment I)!

Amino acids Time (h) after feeding Pooled
0 2 3 4 5 6 24 SEM

EAA
Arginine 79¢ 131" 115° 128" 228° 78° 131° 9
Histidine 1144 244" 186° 143¢ 185° 96 ¢ 1134 10
Isoleucine 84° 2001 260°¢ 346° 488 . 367" 110°¢ 26
Leucine 146° 307° 392¢ 516° 784" s§1° 166° 41
Lysine 108° 2704 354°¢ 422* 515° 1374 2484 24
Methionine 494 149°¢ 155°¢ 222° 321* 235% 621¢ 17
Phenylalanine 93° 178¢ 225°¢ 426° 714" 239° 981 40
Threomne 123° 432° 532° 450° 793 * 518° 1654 41
Tryptophan 10¢ ne %" 25* 20t 18°¢ 104 1
Valine 222¢ 530° 594° 560° 783" 579° 238°¢ 37
Total 1,028¢ 2.464¢ 2.843°¢ 3,238 4,831" 2948° 1,341° 181

NEAA
Alanine 603 % 1086° 1248° 715¢ B45¢ 6714 465° 52
Aspartic acid 474¢ 6274 694°¢ 795° 976 g92% 512° 36
Asparagine 103° 165° 1857 153° 156° 98¢ 115°¢ 8
Citrulline 38> 45° 40° 49* 37" 31 18° 2
Glycine 329" 446* 241°¢ 1434 1404 242° 396 % 23
Glutamic acid 272° 463°¢ 614" 454° 1,092° 614° 2611 52
Ornithine 11 105° 126° 131* 118%® 70° 481 8
Serine 112° 253° 255" 282° 377* 415" 134°¢ 21
Tyrosine 39* 8¢ 136° 195° 300° 175° 57° 16
1-Methylhistidine 33° 76° 88" m?® 127* g§7¢ 53¢ 6
3-Methylhistidme 314 54°¢ 7z° 119* 115° 101° 394 5

TValues arc means of four fish wherc the means In each row with diferont BupcrscTIpts are signiticantly ditterent (p<<0.05).

-
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Figure 1. Plasma free arpinine conesntrations (nmolfnd) at 5 h
(post-prandial arginine) after feeding in fish fed graded levels of
dictary arginme (Experiment II}. Y=1751-33.2 (R-X), R=1.03%
0.299 (SE),

Table 4. Posi-prandial and post-absorptive plasme free arginine
concentrations {nmel/ml) of raimbow rout fod graded levels of
dielary arginine {(Experiment [1) '

Level of arginine (%) Foolel
0.48 1,08 .38 1.68 1.98 25% SEM?
Posi-prandial vatues
157 168 211" 236® 245 2027 1.98
Fost-absorptive valuss
66* 9 7™ 13 121®* 13t 0.82

' Valus A mesns (n=5) and means with difmnl supessriph are
sigmficantly dilferent (p<0.05).
* Pooled standard error of wean® SD¥VR .

S-sulfosalicylic acid in the ratio of four w one, cooled on
ice for 30 min and centrifuged. The prolein-free supematant
was diluted in pli 2.2 lithium citrate sample dilution buffer
in the ratio of one lo one and the samples were stored at
-80°C until apalysis, The plasma free ammo acids were
separsied and quantified using a 8433 amino scid analyzer
(Sykam, Germany ) using the ninhydrin method.

Statistical analysis

Dala were subjecled to analysis of variance lest by using
Sulistix 3.1 (Analytical Softweare, 5t. Paul, MN, USA).
When a significant treatment effect was observed, a Least
Stgmiticant Difference test was used 1o compare means.
Treatment effects were considered significant at p<0.05.
The breakpoints for both PParg and PAarg were estimated
by using the broken line model of Robbins et al. (1979).
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Figure 2. Plasma free arginine concentrations (omol/ml) at 24 h
{post-ab sorptive arginine) afler feeding in fish fed graded levels of
dietary arginine (Experiment II). Y=175.1-33.2 (R-X) R=1.03%
0.299 (SE).

RESULTS

Experiment 1

Plasma free amino acud concenirations from fish force-
fed the basal diet are shown in Table 3. Plasma free
€ssential amino acid concentrations, with exception of
hisudine, iysine and Uryptophan, began to mncrease at 2 h,
peaked at 5 h and returned to near hasal level at 24 b
Plasma free histidine concentration peaked at 2 h and
rewmed to the basal level at 6 h. Plasma free lysine
concentration peaked at S h and did nol return to the basal
level by 24 h. Plasma free tryptophan concentrations peaked
at 2 1, remained constant between 2 b and 4 h and reiurned
to the basal level at 24 h. Total plasma {rec essential amino
atid concentrations peaked at 5 h and returned to near basal
level at 24 h Plasma dispensable amine acid concentralions
peaked between 2 b and 6 h and returned to pear basal
levels at 24 h.

Experiment 1

Post-prandial plasma free arginine concentrations
{PParg) and post-sbsorplive plasma [ree arginme
concentrations (PAarg) of fish fed graded levels of arginine
are shown in Figure | and 2. PParg concentrations declined
with decreasing dietary arginine. PParg from fish fed 0.48
and 1.08% argmine diets were not significantly different
(p>0.05), however, PParg increased with dietary arginine
levels among fish fed diets containing (rom 108 1o 2,58%.
Pharg significantly increased with dielary arginine levels
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Table §. Plasma free arginine concentrations (nmol/ml) from fish
fed diets containing 0 48 and 2.58% dietary arginine (Experiment
1’

PARK ET AL.

Table 6. 0 h and 24 h post feeding plasma free arginine
concentrations (nmol/'ml) from fish fed the verious levels of
dietary arginine (Experiment 1, I1 and I11) !

Dictary Time (h) after feeding 0 h post feeding value 24 h post feeding value
arginire (%)  0h®>  Sh(dl) 5h(d2) 5h{d3)24h(d4) TExpl 7911 (1.12%)° 131213 (2.28%)

0.48 153£25° 158+21% 168434° 87+18°  Exp. I 665 (0 48%)

2.58 143127 1354£33" 132415 (2.58%)

' Values are means+SD Fom four fish and means with different  Exp. III 14327 (2.28%)" §7+18 (0.48%)

superscripts are significantly different (p<0.05),

?$ h postprandial blood samples were taken daily for 3 days (d1, 2 and 3}
and 24 h post-absorptive blood samples were taken on day 4 (at 24 h
afier feeding fish on d 3). 0 h post-prandial blood samples were Laken at
the beginmung of day 1 and fecding fish once a day, 24 h post-absorptive
feeding blood samples were taken on day 4 (at 24 h after feeding fish on
day 3).

from 0.48% to 1.38%, while it mcreased at a lower rate
beyond 1.38% The breakpoints, using the broken-line
model, were 103 and 1.38% for PParg and PAarg,
respechively.

Experiment TN

There were no significant differences between PParg
from fish fed 0.48% arginine diet and PAarg from fish fed
2.58% arginine diet. However, the fowth day PAarg from
fish fed 0.48% arginine diet was significantly lower than
PParg from fish fed the same diet and the PAarg from fish
fed 2.58% arginine diet (p<0.05).

DISCUSSION

Experiment I demonstrated that most amino acid
concentrations peaked at 5 h and returned to near basal level
at 24 h after feeding. From the § h plasma amino acid
concentrations it would appear that post-absorptive
concentrations might have been reached long before 24 h
In mammals, including rats (Swendseid et al., 1963, Young
and Zamora, 1968), pigs (Puchal et al, 1962), dogs
(Longenecker and Hause, 1959) and humans (Young and
Scnimshaw, 1970) severe essential amino acid deficiency
causes a decrease in the lmiting amino acid dunng the
absorptive phase, with a return toward normal 12-24 h after
meal. Murai et al. (1987) and Schuhmacher et al. (1997)
reported similar results that the plasma concentrations of
arginine, leucine, 1soleucine, valine, phenylalanine and
threonine from fish force-fed crystalline amino acids at 1%
body weight (dry-matter) peaked at 6-9 h and returned to
baseline by 24-32 h post feeding in rambow trout

Post-absorptive (24 h after feeding) plasma free arginine
concentrations (PAarg) of the trout increased as dietary
protein increased, with somewhat of a platean occurring at
about 1.38% of dietary arginine. Perhaps this is the
concentration of dietary argmine that results m "regulation”
(either reutilization for protein synthesis or oxidation of
excess of that mobilized) of body arginine during the post-

135433 (2 58%)

' Values are means+SD from four fish where the means in each row with
different superscripts are significantly different (p<0.05).

* 0 h post feeding value is 24 h post feeding value from fish fed
commercial diet containing 1.21% arginine.

324 h post feeding value from fish fed experimental dist (dielary arginine
levels).

*0 h post feeding value is 24 h post feeding value from fish fed basal diet
containg 2 28% arginine.

absorptive phase.

In Experiment II the effects of alterations of dietary
arginine intake on post-prandial (5 h after feeding) plasma
free arginine concentrations (PParg) were dependent upon
the relative adequacy of the dietary arginine supply. PParg
from fish fed 048 and 1.08% arginine diets were not
significantly different, however, PParg increased with
increasing dietary arginine from 1.08 to 2.58%. In the
chicks, Zimmerman and Scott (1967) found that the dose-
response curves for lysine, valine and arginine in the plasma
remained almost flat initially and then increased at the point
when the intake of each amino acid just exceeded the level
required for maximum growth. In rats, McLaughlan and
[llman (1967) found that the dietary level of each essential
amino acid that supporled the concentration of the ammo
acids afler overnight food deprivation, was the same as that
published for the requirements for each amine acid.

If the breakpoint was taken as the requirement of
arginine for the trout. in the present experiment, the
requirement would be 1.03% of diet on the basis of PParg,
considerably lower than that shown for the dose-response
curve using maximum growth (Ogino, 1980; Walton et al,,
1986). PAarg increased with dietary arginine fromn 0.48% to
1.38%, then showed a breakpoint with a slight continued
slope If this breakpoint were used as the arginine
requirement the arginine requirement of trout would be
1.38% dietary arginine. The latter breakpoint is close to the
requirement as determined by Ogino (1980) who reported
that the arginine requirement of rainbow trout was 1.4% of
diet. Kim et al. (1992) estimated the arginine requirement of
rainbow trout as 1.41% of diet based on the growth data
when L-amino acid mixture, casein and gelatin were used as
protein source. Other reported estimates of the arginine
requirement of trout ranged between 1.2-1.8% of the diet
(Kaushik, 1979, Walton et al., 1986). Since the breakpomnt
of post-prandial plasma essential amino acids has not been
consistently found at the requirement for all essential amino
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acids 1n other species, more work needs to be done before
the breakpoint of posl-prandial plasma essential amino
acids should be taken as the requirement in trout or other
fish.

Experiment II showed that PParg (157422 nmoVml)
was higher than PAarg (66122 nmol/ml) for fish ted 0.48%
arginine diet (less than half of the estimated requirement).
This response indicates a basic difference between rainbow
trout and mammals and birds in the metabolic response lo a
dietary deficiency of argimine. Perhaps argmne 1s
catabolized more slowly and thus is availabie for protein
synthesis and gluconeogenests over a longer period of time
after a given meal in rainbow trout. This is not true for all
amino acids m fish since for methionine in sea bass
(Thebault, 1985) and lysine in rainbow trout (Schuhmacher
et al., 1997) dietary deficiencies of these amino acids cause
a decrease in their concentrations in post-prandial plasma.

Experiment III confirmed the results from Experiment 11
that PParg from fish fed the arginine deficient diet were
hugher than PAarg from fish fed either the arginine deficient
diet (0.48%) or the arginine adequate diets (1 68-2.58%).
This expenment shows that the response of PAarg pattern in
trout is not similar to those of mammals and birds. PAarg
lrom fish fed the arginine deficient diet was lower than thal
from fisb fed the arginine adequate diet (Table 5). This
might indicate that PAarg concentrations are dependent
upon the previous arginine intake.

In conclusion, these results show that post-prandial
plasma arginine concentrations are responsive lo dietary
arginine level. Feeding a diet severely deficient in arginine
to trout results in a postprandial rise, not fall in plasma
arginine concentration, in contrast o decreases found in
birds and mamumals. Breakpoint analysis using PParg
resulted in a breakpoint at 1 03% dielary arginine, whereas
using PAarg it resulted in a breakpoint at 1.38% dietary
arginine. However, valdity of using these breakpoints to
estimale arginine requirement needs further study.
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Summary

Diets incorporating three different sources of extracted cottonseed meal (CM), soybean
meal and an animal protein mixwre were evaluated for juvenile rainbow trour. Fish
averaging 0.96 g were divided into groups of 30; 3 groups per treatment, and each group
was fed one of four diets for a 16-week period. Fish meal (FM) was replaced on a 25%
protein basis by each of three different sources of CM from California (CA), Tennessee
(TN}, and Arkansas (AR), US.A. In the three CM-containing diets another 25% soybean
meal protein and 50% animal protein mixture were also incorporated to completely replace
FM protein. The results of growth rate and feed utilization showed that FM could be
entirely replaced by a mixture of plant proteins (CM and soybean meal) and animal
by-product proteins. Hematocrit Jevels were significantly lower in the group fed
CM-containing diets than in the control. The findings suggest that CM can be used as a
good protein source by the incorporation of at least 15% in diets {25% of fish meal protein
replacement), and that the nutritive values of CM in juvenile trout can be different due to
their different origin. Significantly higher concentrations of total gossypol were found in
faeces of CM-TN (5.8 = 0.4 pmol/g) and CM-AR (5.6 + 0.6) groups than in that of CM-
CA (3.7 £ 0.4} group. It was documented that gossypol enantomers, present in an equal
proportion in diets, selectively accumulated in liver and bile, whereas equal proportions of
{+)- and {(—)-enantiomers were found in whole-body and faeces. Depending on CM source,
fish can absorb approximately 35-50% of dietary gossypol, and the majority of the
absorbed gossypol seemed to be excreted.

Introduction

Feedstuffs of animal origin are generally considered to be of higher quality than those of
plant origin, primarily because of their higher protein content and superior complement of
indispensable amino acids {(Roeinson and L1 1998). In recent years there have been efforts
to increase the amount of ingredients of plant origin and studies have reported some success
“in replacement of fish meal (FM) in dicts for large rainbow trout, Oncorhynchus mykiss,
using soybean meals and protein concentrates (Kausuik et al. 1995; Movawno et al. 1992),
soybean and corn gluten meal mixtures (GoMes et al. 1995), and a combination of several
alternative protein sources (YamamoTo er al. 1995). Soybean meal was the maost frequently
studied dietary ingredient as a FM replacement in diets for many fish. Animal by-products,
such as poultry by-product meal, meat and bone meal, feather meal, and blood meal, have

.8 Copynght Clearance Center Code Statement: 0931-2439/2002/8607-0201 $15.00/0  www blackwell.de/synergy
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also been incorporated in practical fish feeds (Muras 1992), and have individuallv been used
as an animal protein source for FM replacement (Davies et al,, 1990; FowLer 1991; Hices
etal., 1979; Luzier et al., 1995). However, when compared to FM-based control diets, dicts
free of fish meal resulted in general inferior growth in salmonids, (MaMBRINg et al,, 1999).
By-products of cottonseed are used in diets for both terrestrial animals (CoLin-NEGRETE
et al. 1996) and fish (HENDR1CKS et al., 1980) because of its high protein content. Cottonseed
meal (CM) has been examined in diets of fish such as channel cathsh, /aalurus punctatus
(Dogrsa et al., 1982, RosinsoN and BrenT 1989; Robinson and L1 1994; ROBINSON and
TierscH 1995), rainbow trout {(HENDRICKS et al., 1980; HErMAN 1970; RoEHM et al., 1967),
and tilapia, Oreochromis niloticus (EL-SAYED 1990; RoBINSON et al., 1984), Despite its high
nutrivional value, cottonseed contains gossypol, a polyphenelic compound, which is toxic to
fish (HERMAN 1970; RINCHARD et al., 2000) and terrestrial animals (CoLiN-NEGRETE et al,,
1996; MaKINDE et al., 1997). In most studies, gossypol concentrations in fish tissue were
either not analysed or were analysed by a colorimetric method with anisidine (CramMKASEM
1988; FisHer et al., 1987), which can overestimate gossypol. Data on utilization of CM in
fish diets in combination with animal by-product and the resulting gossypol accumulation
and/or excretion are not available. There are wide variations in the ratio of gossypol
enantiomers present in different species of cottor plants (Gossypium species) and even
within different tissues in the same plant (Cass et al., 1991; Jaroszewskr et al., 1992).
However, orly few authors reported the selective accumulation of enantiomers in tissues of
animals ingesting gossypol (Kim et al., 199%), and only one report exists on catfish
(Rosinson and TierscH 1995). We, therefore, evaluated three different sources of solvent
extracted CM containing an equal proportion of gossypol isomers, as a FM substitute,
incorporated in combination with soybean meal and an animal protein mixture iz diets for
juvenile rainbow trout. Diets were evaluated by fish growth rare, feed utilization, gossypol
‘absorption’ and concentrations in tissues, and the digestibilicy and concentrations of protcm
and minerals (phosphorus and iron) in fish body and faeces. For the first time concentrations
of separate gossypol isomers in tissues and faeces of fish were analysed using specific high
performance liquid chromatography (HPLC) metheds employing simultaneously both UV
and electrochemical detectors.

Matenrials and methods
Diets
Four experimental diets were formulated to be isonitrogencus and isocaloric in terms of
crude protein (47%) and gross energy {17.5 M]/kg) (Table 1). The energy value of each
diet was estimated on the basis of mammalian physiological fuel values, ie. 16.7 KJ/g
protein or carbohydrate and 37.7 K)/g lipid (LEE and PuTnam 1973). Dietary FM protein
was substituted with 50 or 100% animal protein mixture {APM) and the diets marked as
APM50 and APM100, respectively. The APM consisted of cqual amounts of meat and
bone meal (50% protein, 8.5% lipid), blood meal (92% protein, 0.3% lipid), poultry
by-product meal (58% protein, 14% lipid) and feather meal (85% protein, 2.5% lipid). For
CM-containing diets, FM was replaced on a 25% protein basis by one of three different
sources of CM from Califorma (CA), Tennessee (TN), and Arkansas {AR), USA. These
diets are referred to as CM-CA, CM-TN, and CM-AR, respectively. In the CM-containing
diets the remaining protein consisted of 25% soybean meal (SM) and 50% APM. The three
different sources of CM were solvent extracted meals and the total gossypol concentrations
were 1.07, 1.65, and 1.53%, for the CM from California, Tennessee, and Arkansas,
respectively. The proportions of (+)- and (-)-isomers of the CM were 53 : 47, 54 : 46, and
53 : 47, respectively. The analysed concentrations of dietary wotal gossypol were 0.11, 0.186,
and 0.16% for the CM-CA, CM-TN, and CM-AR, respectively. Experimental diets were
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Table I. Compasition of the experimental diets (% of dry matter)

Experimental diets Control  APM50  APMID0 CM-CA CM-TN CM-AR

Ingredients?!
Fish meal, menhaden 20.00 10.00 - - - -
Fish meal, herning 20.00 10.00 - - - -
Arumal Protein Mixture’ 0.00 19.84 39.67 19.84 19.84 19.84
Cottonseed meal-Ca? - - - 15.66 - -
Couonsced meal-TN? - - - - 14.71 -
Cottonsced meal-AR? - - - - - 15,97
Soybean meal - - - 14.72 14.72 14.72
Krill meal (hydrolysate) 5.00 5.00 5.00 5.00 5.00 5.00
Whear mlddling 28.00 27.00 26.00 11.80 13,00 11.40
Corn gluten meal 11.60 11.80 12.00 15.30 15.00 15.40
Yeast (brewer) 6.00 6.00 6.00 6.00 6.00 6.00
Viamin mixture® 0.50 e.50 0.50 0.50 .50 0.50
Mineral mixrure® 0.50 0.50 0.50 0.50 0.50 0.50
Vitamin C* 0.05 0.05 0.05 0.05 0.05 0.05
Choline chlornide 0.10 D.10 0.10 0.10 D.10 £.10
Menhaden fish o1l B.00 §.90 9.80 10.50 10.50 10.50
Cellulose 0.25 0.31 0.38 0.03 0.c8 0.02

Proximarte analyses
Cnude protein 46.8 47.2 483 48.2 48.3 47.4
Crude Llpid7 14.4 14.4 14.3 14.0 14.0 14.0
Gross encrgy (M]/kg)’ 7.5 17.5 17.5 175 17.5 17.5

" The ingredients were purchased from: fish meal (herring), Ampro Fisheries Co. Reedville, Vir-
gina, USA; fish meal (menhaden), Baker Co., Stamford, Connecuicut, USA; soybean meal, Archer
Damets Midland Co., Fostoria, Ohio, USA; Krill meal, Specialty Marine Products Ltd, Vancouver,
Canada; wheat muddling, ADM Co., Loudonville, Ohto, USA; cornghuen meal, Baker Trading
Co., Daytwon, Ohio, USA; Yeast (brewer), Alliech, Chicago, Hlnois, USA; mineral muxture
{Bernhart Tomarelli salt mixture), choline chloride, and ecllulose, ICN Pharmaceuucals Inc., Costa
Mesa, Califorma, USA; fish oif (menhaden), Cereal By-products Co., Chicago, Illinois, USA

? Animal protein mixture was composed of equal amounts of blood meal {American Protein Co.,
Ames, [A), meat & bone meal (Inland Products Co., Clyde, OH), feather meal (Amercan Protein
Co., Ames, IA), and pouliry by-product meal (Hdmes By-products Co., Millorsburg, OH}. Its
crude protein and lipid levels were 68.25% and 6.5%, respectively

}CA, California source; TN, Tenncssee source; AR, Arkansas source

*Roche Performance Premux composition per g of the vitamin mixture: vitamin A, 2646 1U;
vitamin D3, 221 IU; vuamin E, 66.1 IU; vitamin B12, 13 pg; riboflavin, 13.2 mg; macin, 61.7 mg;
d-pantothenic acid, 22.1 mg; menadione, 1.32 mg; folic acid, 1.76 mg; pynidoxing, 4.42 mg; thia-
min, 7.95 mg; d-biotin, 0.31 mg. Hoffman-La Roeche, Inc., Nutley, NJ

*Five mg Sc in the form of sodium seleute per kg Bernhart Tomarelli salt mixmure (ICN Phar-
maceuticals Inc., Costa Mesa, CA)

“Phospitan C (Mg-L-ascorbyl-2-Phosphate), Showa Denko K. K. Tokyo, Japan

7 Calculated based on compositions of the ingredienes used (NRC 1993)

cold-pelleted into 2.0 mm diameter size, freeze-dried to approximately 5% moisture,
crushed into desirable particle size (0.4-2.0 mm), and stored at —20 °C until use.

Fish, facility and feeding trial

The feeding trial was performed at the Piketon Research and Extension Center aquaculture
facility with juvenile rainbow trout (London, Chio, registered strain) averaging 0.96 + 0.07
g initial weight. Prior to the feeding trial fish were fed a commercial diet (Bioproducts, Inc.,
Warrington, OR) for two weeks to allow for adjustment to the experimental conditions.
Fish were randomly distributed into groups of 30; 3 groups per treatment. Each
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experimental dier was fed to wiplicate groups of fish with the feeding rates ranging from
4% of fish weight at the beginning to 2% at the end of the feeding trial (NRC 1993). All
procedures and handling of animals were conducted in compliance with the guidelines of
the Institutional Laburatory Animal Care and Use Committee, The Ohio State University.,
The fish were fed three times per day, 7 days a week, for 16 weeks. The feeding trial was
conducted in 50 | flow-through circular fibreglass tanks, supplied with well water at a flow
rate of 1.8-2.0 I/min. Supplemental aeration was also provided to maintain dissolved
oxygen levels near saturation. Water temperature increased gradually from 8 wo 15 °C
during the experiment and a diurnal light:dark cycle was regulated at 12 h:12 h. Total fish
weight in each tank was determined every 4 weeks to check their growth and to adjust the
feeding rate. Feeding was stopped 24 h prior to weighing.

Sample collection and analysis

Analyses of crude protein, moisture and ash were performed by standard procedures
(AQAC 1995). At the end of the feeding trial all fish were weighed and counted to
calculate percent body weight gain (PWG; body wt gain x 100/initial body wt), feed
conversion (FC; body wt gain/dry feed consumed), protein efficiency ratio (PER; body wt
gain/protein intake), specific growth rate (SGR; [In final body wt - In initial body
wt] x 100/days), and survival. Hematocrit was determined by the microhematocrit method
{(Brown 1980} on three fish randomly selected per group {total 9 fish per treatment). For
histological examination, livers from three randomly selected fish in each dietary replicate
were used. Tissues were preserved in 10% neutral buffered formalin, dehydrated through a
graded series of alcohol, and embedded in paraffin. Sections were cut at 34 ym, mounted
on glass slides and stained routinely with hematoxylin and eosin followed by clearing
through xylene and cover slipped over Permount medium.

For gossypol analysis, two fish were randomly selected from each dietary group (total 6
fisk per treatment) and killed to colicct the liver and bile samples. Three fish per each
dictary proup (total 9 fish per treatment) were killed for the whole-body analysis of
gossypol. For gossypol analysis, faeces were collected after 16 weeks of feeding. Mineral
compositions of diets and whole-body was determined by the inducuvely coupled plasma
{ICP) emission spectraophotometric method with the use of ARI-3560 Spectrometer
(Applied Research Laboratories, Valencie, CA) according to Watson and Isaac (1990).

- Faeces collection and apparent digestibility test

The indirect method described by Cro and KausHix (1990) was used to calculate the
apparent ‘digestibility’ coefficient (ADC), with chromic oxide (0.5 g per 100 g feed on dry
matter basis) as the inert indicator. The apparent ‘digestibility’ cocfficient of protein and
gossypol ‘absorption’ was calculated using the following formula:

ADCyica=[1 — (NF/ND x CrD/CrF)] x 100

where: NF = % nutrient in faeces, ND = % nutrient in diet, CrD = % chromic oxide in
dier, and CrF = % chromic oxide in faeces. Faeces were collected with a modified faecal
collection system (YamamoTo et al., 1998). From the 12th week of feeding trial, fish were
fed with the 0.5% chromic oxide-containing diets to facilitate the apparent ‘digestibility” test
until the end of the feeding tnal. After 16 weeks of feeding, all fish of each treatment (three
groups) were transferred to three 50 L collection tanks having a steep conical bottom
connected to a facces collecting chamber, Water flowed to the top and out at the bottom of
the conical tanks at a rate of less than 0.4 I/min. Fish were prevented from stirring the faeces
by a cireular net placed at the base of the tank. To collect faeces, all the fish were fed their
respective diets containing 0.5% chromic oxide to satiation each morning at 08:00, and again
at 11:00. The faeces were collected every 40 min for 7 h, and immediately frozen ar -20 °C.
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The fish were fed again their respective diets ac 20:00 on the same day, collection tanks
cleaned, and the faeces were collected the next day at 08:00. The collected faeces were
immediately frozen at —20 °C and then stored at -80 °C until analysis.

Analysis of gossypol

Gossypol in diets, liver, bile, whole-body, and faeces were determined by HPLC according
to the method described by KiM and Carnoun (1995), with some modifications. Wer liver
tissue was used for analysis of {+)- and (-)-enantiomers of gossypol because preliminary
assays revealed thar the gossypol concentration in frecze-dried liver samples were lower
than that from wet samples. The preliminary assay was conducted in triplicate to compare
the two processing methods. The wet liver and freeze dried diets, whole-body, and faeces
were weighed, and 5-10 volumes of complexing reagent added to obtain the 2-amino-1-
propanol derivatives of (+}- and {-)-enantiomers of gossypol. The complexing reagent was
composed of 2 ml 2-amino-1-propanol (Sigma Chemical, St. Louis, MQ), 10 ml glacial
acetic acid {Sigma Chemical) and 88 ml N, N-dimethylformamide (Sigma Chemical). The
samples were homogenized in complexing reagent on ice for 1040 s, heated ar 95 °C for
30 min, cooled on ice, and then centrifuged at 1500 x g for 5 min. For determination of
gossypol from bile, the homogenization step was omitted. After centrifugation, an aliquot
of the supematant was diluted with mobile phase to obtain a desirable concentration,
centrifuged again at 1500 x g for 5 min, and filtered through a syrnge filter (0.45 um,
Whatman Inc., Clifton, NJ) before injection 1o HPLC,

The HPLC system consisted of a Beckman 506 A solvent delivery system equipped with
a 20 pl injection loop connected to a 4.6-mm x 150 mm Shodex C-18 column (Showa-
Denko, Shoko Co. Ltd, Tokyo, Japan) packed with an octadecyl-bonded porous silica gel
{5 um), and both a UV detector (Programmable detectur module 166, Beckman Instruments
Inc., San Ramon, CA) set at 254 nm and an electrochemical detector (Model LC-4C; BAS,
West Lafayette, IN) set applied potential at 0.75 V. The mobile phase was made of 80 ml
acetonitle and 2 mm KHLPO, (firal concentration} dissolved in 100 mi distilled water
(HPLC grade) adjusted to pH 3.0 with H3PO,. Standards of (+}- and {-)-enantiomers of
gossypol were provided by Dr Quezia B. Cass, Departamento de Quimica, Universidade
Federal de Sdo Carlos, Sio Carlos, Brazil (Cass et al., 1999). The retention time for (+)- and
(-)-enantiomers of gossypol were 2.1 and 3.4 mm, respectively, with a flow rate of
1.8 ml/min. Recovery rates were higher than 92% for both gossypol enantiomers and the
detection level was 1 ng/20 ul of injection volume with a signal-to-noise ratio of 3.

Statistical analysis

Each experimental diet was fed to three groups of fish by a completely randomized design.
Differences among dietary treatments were tested by one-way anGva, and means were
compared using Tukey’s multiple comparison test by the SPSS staristical package (Version
9.0, SPSS Inc., Chlcago, IL). The percentage data of weight gain, specific growth rate, and
hematocrit were arcsine transformed before the anova analysis. Differences were
considered significant at p <0.05.

Results

No significant differences in fish body weight were found among all groups until week 8,
but fish began to show differences in growth rates from the 12th week, followed by
significant differences at the 16th week (Fig. 1). Final body weight gains and feed
conversion by fish during the 16-week feeding trial are shown in Table 2. Body weight
gain, feed conversion and specific growth rate of fish fed CM-TN and CM-AR diets were
not significantly different compared to those of fish fed the FM-based control diet. The
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Fig. 1. Changesin mean bady weight of rainbow trout fed the experimental dicts for 16 weeks. Values
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Table 2. Percentage body weight gain (BWG), feed conversion (FC), protein efficiency ratio
(PER), specific growth cate (SGR) and hematocrit of juvenile rainbow trout fed experimental diets

for 16 weeks?
Dicts BWG (%} EC PER SGR (%) Hemaocric (%)
Control 1370 17.00" 105 £001*  226:002' 240£001" 44:110°
APMS0 1529 + 14.21° 087 £+0.00° 1.B6£000° 2742001° 40+ 073
APM100 1235+ 27.23 % 092£002% 194:004> 2312002" 362152° |
CM-CA 1235 +39.01% 091 +003™ 1832:006™ 231:003" 39:104°
CM-TN 1330+ 1617 0962 001" 203+002% 237001 39094 L
CM-AR 1350 + 10.93* 100+001* 216:001°% 239+061* 39x109™

"Means of triplicawe groups; Values = SD w1 the same column with differen: EUpErsCript are sig-
mfcasily different (p < 0.05) -

protein efficiency ratio of fish fed the CM-AR diet was also not significantly different
compared to that of fisk fed the control diet. However, fish fed APM50, APM108, and
CM-CA dicts exhibited significantly lower growth performances than the fish fed the
contral diec. A significan: decrease in hematocrit was found in fish fed diets containing CM
and/or APM compared to fish fed the control diet. No differences were observed in whole-
body protein and ash cencentrations among all che groups (results not presented). No
morality was observed and differences in the palatability of the diets were not neticed
during the 16 weeks of the feeding trial,

The ratio of (+)- and (-)-enantiomers was equal in the three CM-connaining diets.
Gossypol concentrations in liver, bile, whole-body, and faeces are presented in Fig, 2. No
differences in gossypol concentrations were fouud among treatments in liver, bile and
whole-body of the fisk. Significantly higher concentrations of total gossypol were found in
facces of CM-TN (5.8 £ 0.4 umol/p) and CM-AR (5.6 + 0.6) groups than in that of
CM-CA (3.7 + 0.4} group. This trend in total gosssypol was also observed in both (+)- and
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Fig. 2. Concentrations of gossypol enantiomer in liver, bile, whole-body, and excrered facces of

juvenile minbow trout fed the control (fish meal-based) and 1est dicws containing three differsnt

sources of cortonseed meal during 16 weeks, Values are means + SD of triplicate groups- Differemt
letiers indicate significantly  different values (p < 0.08)

{-)-gossypal enantiomers. A significant correlation (> = 0.85, p < 0.001) was found between
gossypol concentrations in diet and faeces. Gossypol was not detected in tissues or faeces of
the fish fed the control dier. Interestingly, the ratio of (-)-enantiomers to total gossypol
differed, depending on tissues or facces. In liver and bile, che percentage ratios of (=)-
enantiomers to total gossypol were less than 30% which means chat over 70% of (+)-
enantiomer was selectively retained in tissue. However, an approximatcly equal propontion
of cach (+)- and (~}-enantiomer were [ound in the whole-body and faeces of fish. No
significant histopathological changes were found in liver tissues of fish examined. The colour
of livers were not different between fish fed CM-conraining and control diets, however,
vellowish liver due to the gossypel deposition was found in tilapia, Oreochromis spp. fed the
same amount of CM for 16 weeks in our previous study (MeaHInzirexs et al,, 2001).
Phosphorus and iron concentrations in diets, whole body and faeces are shown in Fig. 3.
Phosphorus in faeces of the control group was significantly higher than those of other
groups, and iron concentration in faeces was significandy higher only in CM-TN group
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compared to the conmrol, APM50 and CM-CA groups. No significant differences were
observed in whole body concentrations of phosphorus and iron among ceatments. The
apparent ‘digestibilicy’ of dietary protein and “absorption’ of phosphorus and gossypol after
16 weeks of feeding were different among treatments (Fig. 4). Protein 'digesubility’ of dict
CM-AR (89.6 + 1.29% ) was significantly higher than thosc of the control (85.0 + 1 88%),
APMS50 (83.4 + 0.41%), APM100 (80.6 £ 2.10%) and CM-CA (83.5 + 1.34%) diets. The
phosphorus “absarption’ was hipher in diets conraining CM and/or APM than in the
control. The ‘absorption’ rate of gossypol ranged from 35 1o 50% depending on the CM
source, and was significantly higher in CM-TN and CM-AR groups than in CM-CA group.

Discussion

The resuits of the present study are significant because, to our knowledge, it is the first fish
meal free and high dietary protein (45%) formulation for juvenile rainbow trout that
resulted in comparable growth rate to the FM-based control diet. Furthermore, the fish fed



Cotionseed mea! utshization in jwvenile ramnbow troat 209

120 [J  FPrelem % Phescpi e
—i—  poaypal

= 10 -
b & ib d
o E be v o =
= - =
£
T
T @
- ¥ a ¥z 3
0 L &
5 | |
5 Al - i a a
=9 7 T - X
[+
<

|

b
o

4 T T

T T 11
Conmol  APMSH APMI0U UM-CA CMSTN OMAATR
Expzrimental diets

Fig. 4. Apparent “digesiibility’ of dierary prowein and ‘absorphon’ of phosphorus and gossypol

cxamined after 16 weeks of feeding wrial. All the fish from the fecding wial were used for the

‘digestibilicy’ test using incrt indicator, 0.5% chromic oxide. Valucs are means + 5D of wiplicate
groups. Differem letiers indicate significandy different values (p < 0.05)

the FM-based control diet (herring and menhaden FM, 1 : 1) in the present study grew ata
rate comparabie or higher specific growth rares (2.40 + 0.01% per day) than indicated
carlier in other studies. For instance, SkonNBERG ct al., (1997) used a similar size of rainbow
trout and SGR of fish fed a control diet (herring FM) amounted to 1.42 and 2.56% on
rescricted or ad libitum feeding, respectively, in an $-week-long study. Rainbow trout
weighing 3 g fed a menhaden FM-based diet (ad libirum) showed a SGR of 2.77% after
13 weeks of feeding (WaTanaEE et al., 1993). The feeding peried in our study was longer
compared to other FM replacement studies that were conducted with juvenile rainbow
trout (STICKNEY et al., 1996; Yamamoto et al., 1955).

Hesrmaw {197C) reported that in rainbow wout, growth depression did not occur unl
dietary frec gossypal concentrations were higher than 290 mg/kg. Rosinson and TiERsSCH
(1995) found no effect of 200 mg free gossypal per kg diet in channe! catfish on growth,
feed consumption, feed conversion ratic, and survival. Free gossypol is defined as ‘acetone
soluble gossypol', whereas bound gossypol can be estimated by subtracting the portion of
free form from rortal gossypol. In the prasent study the free gossypol concentrations of the
diets CM-CA, CM-TN, and CM-AR were 60, 150, and 225 mg/kg, respectively, based an
individual CM analysis. The reason for the lower growth rate in CM-CA diet group can be
attributed to the inferior nutritive value of CM rather than its gossypol concentration. The
nueritive values of CM can differ among different species of cottonseeds processed {(Cass
et al., 1991; Jaroszewski et al, 1992) and different processing methods (Cuerey et al.,
1978; Forster and CarLuoun 1995).

Lower hematocrits were found in the group fed CM-containing diets than in the control
in the present study. This result is in agreement witch the results in rainbow trout
broodstock (Danrowskr et al., 2000), Nile tilapia (MBarnzIREKT et al., 2001}, swine and
rats (SkuTCHES et al., 1973, 1974}, The reason for the observed lower hematocrit in groups
fed CM-containing diets in the present study could be the cumulative effect of gossypol
and/or decreased availability of iron in CM causing increased eryrhrocyte fragility
{CoLiN-NEGRETE et al., 1996; MAKINDE et al., 1997).

RoeuM et al, (1967) reported that in rainbow trout, the liver was the main organ
responsible for accumulation of gossypol and that the gossypol elimination took place

[oe
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with a considerable delay in the liver. In the present study we found the percent ratio of
the (-}-enantiomer to total lower in liver (26-29%) and bile (27-39%) than in the whole-
body (47-52%) and faeces (49-51%). This result supported the notion that liver is the
main organ for the elimination of absorbed gossypol (Roemm et al, 1967), and was
consistent with the result of dssue gossypol concentrations found in rainbow trout
broodstock in our laboratory. In our previous study we observed the highest gossypol
concentrations in liver compared to plasma, bile, kidney, muscle, stomach and gametes
(resulns not published). The findings reported here may suggest that liver eliminates (-)-

enantiomer more actively than the (+}-enantiomer. Several studies have shown thart the {-)-
enantiomer has the higher biological actvides, such as antfertility, antitumour and
toxicity than (+)}-enantiomer (Benz et al., 1990; JosepPH et al., 1986; SHELLEY et al., 1999;

TANPHAICHITR et al, 1988) Smrth and Crawson (1965) indicated that the primary
pathway of gossypol excretion was via the biliary system. Our results of bile gossypol
concentrations supported the hypothesis that the primary pathway of gossypol excretton is
via biliary system. We found high concentrations of toral gossypol in the faeces of rminbow
trout {3.7-5.8 umol/g dry matter). Heifers exposed to 1300 and 2000 mg of gossypol/kg
excreted 0.58 and 2.3 umol of total gossypol per g facces, respectively (CoLin-NEGRETE
et al., 1996). CoLin-NEGRETE et al.,, (1996) calculated that berween 5 and 15% of gossypol
was absorbed by the heifers, Asou-Donia and Lyman (1970) reported that in pigs and
hens, which are sensitive to gossypol toxicity, the maximum amount of radicactivity
absorbed in tissues was 32.9 and 16.8% of the orally administered dose, respectively. The
approach we used to determine the ‘absorption’ rate of gossypol in trout was to compare
the gossypol concentration in diets and exereted faeces by using chromic oxide as a
indirect method (Cuo and Kavusux 1990) and to consider the total consumption and
accumulation of gossypol in the whole-body throughout the feeding trial. In the present
study, we found a large proportion of dietary gossypol (35-49%) absorbed by the fish in
comparison to terrestrial animals (Fig. 4). We also calculated that fish consumed on
average 13.1 + 0.26 g of diet during the 16-week period, leading to a total intake of 13.7-
21.4 mg of total gossypol per fish depending on the three different sources of CM-
containing diets. This would then result in gossypol intake ranging from 1.07 £ 0.05 to
1.54 + 0.02 mg per g of fish body weight. However, fish retained only 0.8-1.6 ug gossypol
per g of fish body wt indicating that the amount of gossypol that was not excreted through
faeces is less than 0.2% of dietary gossypol. Therefore, it may be assumed that the majority
of the absorbed gossypol is metabolized to other compounds such as gossypolone,
gossypolonic acid and demethylated gossic acid as proposed by Asouw-Donia and
Dieckerr (1975). However, we observed very low amounts of gossypolone in liver tissues
(identified by internal standard) showing less than 1% of the total gossypol detected by
HPLC {data not shown).

The result of the higher protein ‘digestibility’ (Fig. 4) in the fsh fed CM-AR and
CM-TN diets may indicate that in rainbow trout the availability of CM is comparable or a
little higher than that of fish meal. Other protein sources, such as soybean, corn gluten, and
poultry by-product meal had similar protein availabilities to both herring and menhaden
fish meal (Ricue and Brown 1999; Sucrura et al, 1998). The significantly lower
phosphorus *absorption’ (Fig. 4) in the control in comparison to the other groups can be
explained by the significantly improved udlization of fish meal phosphorus by plant
ingredients (R1icuEe and Brown 1999). Tlis result is also in agreement with the observaton
by Svcrora et al, (1998) in cohe salmon and rainbow trour, where phosphorus
‘absorption’ was inversely correlated with dietary levels of calcium and with phosphorus
itself. The authors reported higher phosphorus availabilities in soybean and corn gluten
meal, as well as poultry by-product and feather meal, than in both herring and menhaden
fish meal. In the present study the concentrations of calcium and phosphorus in the control
diet (1.67 and 1.63 g/100 g, respectively) was 1.5 and 2.3 times higher than those in CM-
CA, CM-TN, and CM-AR diets (resuits not presented). The reason for the higher crend in
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the faeces iron concentrations in CM-TN (significant} and CM-AR (not sigrificant)
compared to that of the control (Fig. 3) might be atiributed to the characteristic of
gossypol chelation by iron. Owing to the fact that gossypol readily reacts with iron, it was
found that the reaction in the intestine resulted in the formation of an insoluble complex
which is egested in the faeces (MuzaFFaRUDDIN and SAXENA 1966; SKUTCHES et al., 1974).

In conclusion, this study demonstrates that CM can be used as a valuable protein source
by at least 15% incorporation in diets for juvenile rainbow trout. Fish meal, a traditional
protein source in fish feed, can also be completely replaced by a mixture of plant protein
(CM and soybean meal} and some other animal by-product proteins. Nutritive values of
CM in fish can be different depending on their origin and processing. We documented that
fish excrete the (-)-enantiomer faster than the (+)-enantiomer of gossypol, and that
approximately 35-50% of dietary gossypol is absorbed by fish, whereas the remaining
absorbed gossypol seemed to be excreted with urine and/or through gills. This needs
further study,
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Abstract

Two experimenis were conducted Lo compare the
patterns of plasma [ree amino acid concentrations
alter force-feeding in rainbow troul Oncorhynchus
mykiss (Walbaum) with and without dorsal aorta
cannufation, In the lirst experiment, 335 rainbow
troul averaging 504 * 7.8 g (mean * SD} were
divided inLo seven groups of live lish each. Aller 48 h
slarvalion, a group of lish was anaesthetized and
blood samples were laken al one of the following lime
periods: (). 4, 8, 12, 24, 36 and 48 h afler [eeding. [n
the second experiment, live dorsal aorta cannulated
rainbow trout averaging 311 * 6.2 g {(mean = SD}
were kept in a cage. After 48 h slarvation, the lish
were anaesthelized and blood samples were taken
from Lhe same lish at (), 4, 8, 12, 24, 36 and 48 h
alter feeding. In Lhe lirst experiment, the concentra-
tion of all plasma free amino acids except histidine
and glycine peaked al 4 h and returned Lo Lhe basal
level 24 h alter feeding. In the second experiment,
the concentraton of all plasma [ree amino acids
except isoleucine, leucine, phenylalanine and tryp-
tophan also peaked at 4 h and returned Lo the basal
level 24 h aller feeding. These results showed that
Lhe patiern of plasma [ree amino acid concentrations
from lish with and without dorsal aorta cannulation
were gimilar,

Keywords: plasina [ree amino acids, lorce leeding,
rainbow Lrout, dorsal aorla cannulation

Introduction

Plasma [ree amino acid levels were measured Lo
study amino acids metabolism and to evaluate the
quality ol dielary protein in trout {Nose 1972;
Schlisio & Nicolai 1978; Yamada, Simpson, Tanaka
& Kalayama 1981; Ogala & Arai 1985; Walton &
Wilson 1986; Murai, Ogata, Hirasawa, Akiyama &
Nose 1987; Cowey & Wallon 1988 Ash. Mclean &
Westcott 1989; Schuhmacher, Coldberg, Schén,
Wax & Gropp 1993; Tantikitii & March 1995;
Schuhmacher, Wax & Gropp 1997). In these
experimenis, blood samples were taken from Lhe
caudal vein and artery by needles and syringes in
the anaesthetlzed lish randomly captured from Lhe
treatment populalion. The procedures of these
experiments have several major limitations. First,
the handling associaled with the method is stressful.
Second, the method does nol allow repeated
sampling of the same individual fish, thus requiring
large numbers of lish and tanks. These limitations
resulted in a large individual variation within
treatment in the time course of amino acid
appearance in the peripheral blood and peak level.

Procedures for dorsal aorta cannulation and
repeated sampling of blood in the same resting lish
are well established (Soivio, Westiman & Nyholm
1972). The dorsal acrta cannulation allows repeated
sampling of the same individual lish when studying
changes in the levels of nulrients in the blood
circulation. Therefore, the purpase of Lhe present
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study was to compare the patterns of plasma free
armuno acid concentrations in force-fed rainbow trout
with and withou! dorsal aorta cannulation.

Materials and methods
Animals and husbandry

Growing rainbow Lrout averaging 504 * 7.8 g
{experiment I} and 311 % 6.2 g {experiment I[I)
mean body weight were oblained from Ewhajung
troul farm in Sangju, Korea, For both experimenls
eight net cages (1.3 X 1.3 X 1.3 m) were placed in
a [low-through concrele raceway with a waler low
of 60 L min™*, Aeration was provided Lo maintain
dissolved oxygen al 7.4 * (0.7 mg L™, and water
lemperalure was maintained at 17 £ 0.2 °C.

Darsal aorta cannulation

Fish were anaesthelized with 200 p.p.m M8222(3-
aminobenzoic acid ethyl ester methansulphonate;
Sigma, St Louis, MO, UISA) for 35 min, and placed
on a V-shape lable, and gills were irrigaled
conlinupusly with 16 °C  waler containing
100 p.pm MS-222 during the operation. A
30-cm-long cannula (Clay Adams PE 50 tubing,
Parsippany, NJ, USA) with a bubble aboul 5-6 cm
from one end was washed with the heparinized
Cortland saline solution (Houston 1990), and a
13-( needle was used to pierce a hole on the right
nostrum (ventral side up) for the cannula to come
out. A 19-G needle was used 10 bore a small hole in
the roof of the mouth at the mid-line behind the
third gill arc at a 30° angle, and a guilar wire {G)
was inseried into the PE 50 as a guide, The proper
Inserlion was indicated by a slow blood llow afler
the wire was withdrawn Irom the cannuia. A 3-cm’
syringe with a 23-C needle was used Lo remove air
and blood clot, and the cannula was ushed with
the heparin solution. The cannula was sutured
hehind Lhe bubble on Lhe roof of Lhe mouth, led out
[rom the right nostrum, plugged with a colour head
pin, and sulured al the dorsal lin.

Experimental design, diet and lorce-lfeeding

In the lirst experiment, 33 rainhow (rout were
divided mto seven groups of live (ish each. After
48 h starvation a group of live {ish was anaesthet-
ized with 200 p.p.m MS-222 and blood samples
were taken at one of the following Lime periods; (), 4,

Table 1 Compoasition of the basal diet (% dry marmer)!

ingredient Proportion (%)
Essential anuno acids 17 27
Naonessaniial amino acids 1236
Casein® 500
Gelatne® 200
Dextrin® 27.97
Dexrose® 500
Celiulosa? 8.20
Fish o 10.00
Carbaxymethyl cellulose? 100
Ca(HaP0,).2H,0 3.00
Choline bitartrate® 120
viamin mixure” 300
Mineral rmuxture® 4,00

'Dicts were neutralized with NaOH to give a Bnal pH of
f.b.

*{inited States Biochemical (Cleveland, OH. 1ISA).

YEwha il Company {Pusan, Korca).

‘Vitamin mixture (mg kg™ feed unless Indicated other-
wisc}: vitamin A, 3(M}0 [T}; vitamin D3, 2400 ITJ; vitamin
E, 120 IIJ; menadlone sodium bisulphate, 6; vitamin B1-
H, 15; vitamin B2, 3(); vitamin B6-HCL, 1 5; vitamin B12,
{1.06; vitamin C, 3(}}; ealcinm pantothenate, 15(); nicotine
amide, 15{); Inasitol, 15¢% d-biotin, 1.5; choline chloride,
3043 pancreatin, 12.5. ’

Mineral mixture (mg kg™ feed): MnS(. 320: ZnS0,,
270; FeS0,, 750: Cudilly, 6% CoS0,. 7; Mg80,, 17.25:
K,50)4, 212.24: NaCl, 51.88; K;HPO,4, 136.009; NaSc();,
0.013: KT, 0.15.

8, 12, 24, 36 and 48 h afier force-leeding a basal
diet by the slomach intubation method
{Schuhmacher etal. 1997) at a rate of 1% body
weighl on a dry maliler basis.

[n the second experiment live dorsal aorla-
cannulated rainbow trout were stocked in one
cage. Aller 48 h slarvation, the lish were anaes-
Lhelized with 200 p.p.m MS-222 and blood samples
were laken [rom Lhe same [ive lish repeatedly at 0,
4, 8,12, 24, 36 and 48 h alter force-feeding the
basal diet by the slomach intubation method at a
rale of 1'% body weight on a dry maller basis.

The basal diet was formulaled by modifying Lhe
procedure of Kim {1997}, and the diel conlaining
29.6% crystalline amino acid mixture plus 3%
casein and 2% gelatine. Ingredients and amino acid
composition of the basal diet are shown in Tables 1
and 2, respectively. The basal diel mixture without
oil was stored al ~80 °C uniil used. Ingredients were
mixed with 10% of [ish oil and waler before
intubation. Pish with and without dorsal aoria
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Table 2 Amino acid composttion of the basal dict (% dry
matter)

From

From crystaline

casein and amino

gelatine acids Total'

Essential amino acids
Arginine 0353 18242 2277
Hisudine 0194 0725 0919
Isoleucine 0252 1674 1326
Leucine 0493 2.702 3.195
Lysing? 0 502 1404 2 406
Methionine 0152 1030 1182
Phenylalanine 0.271 1.742 2013
Threonne G221 1 601 1822
Tryptophan 0085 0 462 0527
Valne 0350 1.999 2.349
Non-essential amino acids

Alanine 0345 1741 2086
Asparc acid 0 483 3280 3763
Cysteine 0019 0172 019
Glycine 0538 0758 1296
Giutamic acid 1298 3616 4914
Praline 0730 0568 1358
Senne 0374 2398 2772
Tyrosing 0270 1335 1605

"The amino acid profile was simoiated with that of 35%
whole chicken egg protein (Robinson, Wilson & Poc
1981).

Lysine-HCT was used in crystalline amino actds mivmre,

cannulated were anaesthelized with 200 p.p.m MS-
222 and [ed the basal diet by the stomach
intubation method {diet plus 0.4 paris of distilled
waler per diet) using a 3-cm? syringe.

Sample callection and analysis

Fish were anaesthelized with 200 p.p.m M§222, and
300 L blood was obtained from lish. In ithe firs
experiment blood samples were taken [rom the
caudal vein using a heparinized syringe, and in the
second experiment blood samples were taken fom
dorsal aoria using the cannula. Plasma samples were
prepared by centrifugation atL 3000 g for 10 min. For
deproteinization, the plasma samples were mixed
with 5-sulphosalicylic acid (458 mmol L™} in Lhe
ratio of 4:1, cooled on ice for 30 min and
receniriluged. The prolein-free supernatant was
dissolved in pH 2.2 lithium citrale sample dilution
hulfer in the ratio of 1 : 1, and the samples were
stored at -80 °C until anaiysis. The plasma [ree

amino acids were separaled and quantilied using a
$433 amino acid analyser (Sykam, Gilching,
CGermany) using the ninhydrin method.

Statistical analysis

Dala were subjected Lo ANOVA test using Statisijx 3.1
{Analylical Sollware, St Paul, MN, [USA). When a
signilicant ireatment efllect was observed, a Least
Significani Difference Llest was used lo compare
means. Treatment ellects were considered signili-
canl at P < 0.05,

Results

Plasma free amino acid concentrations [rom lish
without dorsal aorta cannulalion are summarized
in Table 3. Plasma free arginine, isoleucine, leucine,
methionine, phenylalanine, threonine, tryptophan,
valine, alanine and glutamic acid concentrations
peaked at 4 h, returned to the basal level beiween
12 and 24 h, and remained constant belween 24
and 48 h alter [eeding. Plasma [ree histidine
concentralion decreased at 8 h and peaked at
36 h alter leeding. Plasma free glycine concentra-
tion decreased between 4 and 8 h, peaked at 12 h
and returned to the basal level al 24 h alter leeding.

Plasma free amino acid concentrations from lish
with dorsal aorta cannulalion are summarized in
Table 4. Plasma f[ree arginine, histidine, lysine,
methionine, threcnine, valine and glutamic acid
concentralions peaked at 4 h, returned Lo near
basal line level beiween 8§ and 24 h, and remained
constant beiween 24 and 48 h alter [eeding. Plasma
free isoleucine, leucine, phenylalanine and trypto-
phan concentrations peaked al 4 h, decreased
between 8 and 24 h, and remained constani
thereafler. Plasma free glycine concentration
decreased between 4 and 8 h, peaked at 12 h and
returned to the basal level at 24 h afler [eeding.
Plasmna [ree alanine and aspartic acid concentra-
tions peaked at 4 h and returned to the basal level
48 b afler feeding.

In force-fed rainbow trout with or without dorsal
aorla cannulation afler 48 h slarvation, most of
plasma [ree amino acids peaked approximately 4 h
alter [eeding, and returned Lo the basal level at 24 h.
Murai etal. (1987) reporied that the plasma [ree
amino acid concentrations rom lish force-leeding
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Table 3 Plasma lroe aminoe ackd concentrations {(nmal mL"] [rom hgh without dorsal aoma cannuiatlon after faree-
teeding the basal dict {experdment 1)

Timas (h) after fores-faeding
Poalad
0 4 8 12 24 6 43 SEM
Essenual amino actds
Arginine 1a7<0 nr 27170 na g 118%? 108°° 17
Histichinie 1730 = 199+ ° 1154 1arse 14282 280" 1g3*® 8
Iscleucine 103° 5228 37g° 264% 1469 157% 14054 e
Laucine 1549 Ba4* Agoe 348° 183° 132° 19g¢ 37
Lysine 51" acr 486" < 477ec 131° 406 asp-* 27
Methionine 432° e 804" Ep5Re 393° 383" arg" 25
Phenytalaning 126* 649" 527° 226° 135° 21 147° 41
Threorune IFgER ik 364° SAG" 181¢ 22385 275°9% 21
Tryptophan 7 28 158° [va 1ane gt * 3
vahne 1898 ¢ g 228° =kl 1269 a7 BT |
Non-essential amiro acids
Alaning 504° g2a* 782" B27°¢ 5287 454° 5p7e <ql
Aspanic acid 5427 B74% 7820 (i Fid 7540 6567 n° 20
Glycine aras 526° 432 724*% a3rse 5937 427" 21
Gluamic acid feg 486" B 652° N g%+ s o 52
Senne 275° 754 §93° 456° 435° 294° a24° a5
Tyrosmne 7at bt 2657 162¢ a6 fi's g1 19

Waltics are mean of five Hsh where the mean values tn cach row with a difierent superscript are significanty difforent

(P < (LOS).

Talde 4 Plasma free amins acid concenrations inmol mi!) rom fsh with dorsal aorta cannulaton afler orce-feeding

the basal diet {cxperiment )’

Time {h} afmr torce-feading

Poohked
0 1 a 12 24 36 48 SEM
Essential aming acids
Aminine 102° 6a0* as4® 245° 185° 145° 212 36
Histicine 141" fevdd 150° q3° a4" g1 135% 15
Iscleucine i3 B54% 4g5° a7 27y 216° 175¢ 33
Leucine 152¢ 7ag™ Bas® a1 275 2549 3100 A4
Lysine gare 12574 1015t> pETADe jores 417° 7530 51
Methwonine 7at g45* 5450 5827 377° 25B° rp-d 42
Phenylalanine 132¢ 792 &72° s34 b oo 1947 22° 48
Trreorne BRI a47" 437° 2" 274° 262¢ 2057 berd
Tryptophan [ n- 2" 19" 2® 11" 12 2
valine 175°% 430° 318° aar 19554 154° 176° 18
Non-esserital arming acids
Alaning 567 1108% 840 G42° 72re sa2¢ 593° a8
Asparic acid 5530 1087 grz® 784° g13%= 721° 5g4° a2
Glyctne [k Eaged 472° a3g® 7248 agzc 474° 28
Glutarmic acid e 17" og3° 7255 513° 4797 452° 54
Senne 2518 q143 7827 561° E41¢ 411° ag5° 47
TyTasing B17 a01* 195° 2120 105° gy a gr 23

'Walies are mean of Bve lsh where the mean values 1n cach row with & different supersertpt arc signiticantly dificrent

(P < .05
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erystalline amino acids peaked at 6 h, and returned
to the basal level at 24 h. A similar result was
reparied by Schuhmacher et «l. (1997). Walton and
Wilson (1986) hand-fed a complete diel based on
casein, and measured peak levels al 12 h. Yamada
etal. (1981) observed that plasma [ree amino acid
concenirations peaked between 24 and 36 b afler
force-feeding casein, and 12 h afler force-leeding a
crysialline amino acid mixture. Wailton and Wilson
(1986) and Cowey and Wallon (1988) suggesied
that this lag phase was caused by an extended
starvation period (7 days) and by slreéss owing Lo
force-feeding. The lag phase could probably be traced
back 1o other faclors inlluencing amino acid uptake,
i.e. dielary (nonprolein} energy source and energy
conteni (0gino & Takeuchi 1976: Plefler 1982).

Force-feeding crysialline amino acid diet leads to
a peak ol plasma free amino acids earlier than with
force-feeding intact protein. Crysialline amino acids
favour rapid intestinal amino acid uptake, which in
turn leads Lo a fast supply of the plasma, and also an
intensilied amino acid catabolism (Schuhmacher
etal. 1997, Rodehutscord, Borchert, Gregus,
Michael. & Pfeffer 2000). In the case of amino
acids entering plasma from intacl prolein, absorp-
tion of amino acids continues over a longer period of
tlime and thereby exiends the pericd over which the
amino acids are available for protein synthesis
{Tan(kiiti & March 1993). Plakas, Lee, Wolke &
Meade (1985) examined plasma [ree amino acid
levels as an index of protein quality in Lhe diet. The
bioavailability of lysine in early maillard browned
protein was determined by plasma free lysine
response in rainbow troul

Delerminalion of plasma essential amino acid
levels could allow accurale prediction of dielary
essential amino acid needs in humans (Young,
Hussein, Murray & Scrimshaw 1971), chicks
(Zimmerman & Scoit 1965}, rats {Mclaughlan &
[lman 1967}, pigs (Mitchell, Becker, Jensen,
Harmon & Norton 1968) and rainhow (rout
(Kaushik 1979). Different feeding and blood sam-
pling procedures, such as dosage, lish size, tube size,
and/or texture ol the malerial, may ailect the
pallern of plasma free amino acid concentralions
and peak occurrence. Yamada etal. (1981) and Ng,
Hung and Herold {1996} observed that plasma lree
amino acid concenirauons fell 2 h afler force-
leeding. This may have been caused by the effect of
force-feeding. Stress leads to a nel catabolism of
peripheral proteins, elevation of plasma free amino
acid levels and increased amino acid melabolism in

several lish species {van der Boon, van den Thillart
& Addink 1991 Vijayan, Ballantyne & Leatherland
1991).

The present expertment resuils show that the
patterns ol most plasma [ree amino acid concentra-
Lions [rom force-fed rainbow trout with and without
dorsal aoria cannulation were similar, and Lhe
dorsal aorta cannulation did not aflect Lhe patiern of
plasma free amino acid concentrations in rainbow
trout. These resull indicate thal force-fed rainbow
trout mighi recover [rom the stress of dorsal aorla
cannuiation within 48 h of Lthe operalion, and Lhe
dorsal aona cannulation would allow repeated
sampling on the same individual lish (o study
nutrienlt metabolism in the blood circulation. This is
in line with lindings in rainbow trout {Brown, Eales
& Hara 1986) and channel catlish Ictalurus
punctatus {Ratinesque) {Mazik, Plakas & Siehly
1994) subjecled Lo dorsal aora cannulation. The
patlern of plasma [ree amino acid concentrations
from force-fed rainbow (rout with dorsal aora
cannulation may be useful in determining the
optimum blood sampling lime and evalualing
protein qualily and essential amino acid require-
menis. However, concentrations of most plasma lree
essential amino acids in rainbow troul with dorsal
aorta cannulaiion were higher than those withoul
dorsal aorla cannulation. This may have been
caused by the stress effects of repeated blood
samplings. Thus, lurther studies should be done Lo
reline the oplimum blood sampling time and to
conlirm Lhe swress eflects of anaesthelization in
rainbow troutl with dorsal aona cannuiation.
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Replacement of Fish Meal by a Mixture of Animal By-Products
in Juvenile Rainbow Trout Diets

Ky sOonG-Jun Ler, KoNeas DAaBROWSRE angy JoosT H. Bros

Seherdd wf Nerteserd Kraonsory,
tHieck Siecde Llatived o
Cobweines Ofide $12109 SA

Susgonul, C, Bal

Depavimens of Agwosulture,
Pubveny Nerussed CIRIversity,
Pruseor GO8-727, Korew

Abstriet-A mixture of animal by-producix (MAB) was tested 0 replace Bsh men! (FM) jo dies
o yuvenite rainbow ong Grcorinnchns sivkive. Fish averaging « SN 6.96 2 0.07 g were divided
wito 1§ proups, and T oroups were fed tae of five isoniirogenous diets replacing O, 20, 40 Al o
1M of FM protein with simifar peccentages of MAD {roirol, MAB20, MAB40, MABRD, or
MARIG, respectivelys. The MAB comsivied of 257 inea aud bome menl. 1.5% lesther nycal,
0% saquid fiver powder, (8% feuther weal, T.5% bood aend (spray-deied), 7 3% pounliry by-
produdl meal, and .28% cuch methiomne and 1y, Afier [ woeks o2 feeding, fish T diets
MABIU. MABOU, and MABI0{ exhibaed <igmdicandy fower growth perfontance than the fink
fudd the control and MABZ0 dies. Appurent digesiibiliy astimates of protein with differet ol
levhior Himes (every 40 min and after 12 and 4% b) did pot show. i 2 foces collection dysten,
protein ieaching iato the water for ap 1o 48 1. The MAB sabstitution of up to 60% of FAM procia
in Jivis did nat show differences tn apparent proein digestibility (85.8 £ 1,05% for MABRZ, 33,1
v 0.45% tor MAESD, and 82,7 £ 2678 fur MABSM comparod with the comtrod (8340 = 1,885 5,
whereus in the MABIOD groap digesubility (77,7 = $.42%) wis significanty jower than in the

iicr mouwps. The appareni phosphocas abaorptive of lest dict groups was significamly leghar

1365 T FF 2% for MABXO, 240 ¢ 6 20 for MABAG, 57,0 2 5.22% for MABED, und 574 =
5.34% for MAB 10U} than dhay of the contro] (8.3 % 0 158%). Concenisations of prefein and aslimn
the whitle botly tocreased a8 MAB substitution in dicts inereascd. The findings sugpest thal MAbB
comld repdaee v 1o 28% of FM profcin in digts for javeniie rainbow rout for 16 weeks witlion!

adverse prowth effedis.

Fish meal {FM; hos been & major ingredien? i
fish divix because of i high prisiein quality und
palatability, Substituting Jess expensive piotein
suurces for high-price FM in salmonid Teeds is one
wiay 10 Jower produciion costs (Hardy 1996} For
this reason, many studies bave been conducted 1o
fepluce or redoce 1ts inclesion in fsh dicts by var-
ious less expensive alternetive animal and vege-
Luble protein sources; however, ssch candidate Rasg
characieristics that make it inferior in some respect
te high-quaiity FM {Hardy [596; Mambria: et af.
1490y,

Feather meal, meat and bone meal, poulry by.
product meal, and bland meal, the supplementary
pratein sources coramonly incorporited utlow lev-

* Cornesponding aothos: dabrowski | @Gogu.edu

! Presemt agdress: Pikeron Reseaich and Extwstion
Center, Ohip Swate University, Piketon, Ghio 45661,
LSa,

Receivad Aprif 7, 2000; sccepicd Qetober 5, 2000

ein {51 5% in pricical fish feeds (Mumi 19923,
have individunily been studied ay an animal pro.
ein reptacements for FM. These ierresivial ammai
by-product meals have a high proiein fevel and
favorable essential amino acids profifes, bu they
are deficient in ove or mose of the sssentixi amino
acids (NRC 1993). 1f the preper combinations of
thase by-products are used in fish d:ety, the guality
of the diet is likely to be improvest (Trevies et o,
1989). Few studies that used comhinanions of feed
ingredicnts as an FM replacement have been re-
ported. Yamammoto et sl (1995) reported thut com-
binations of meat mes! and malt protein four of-
{fectively improved the growth of and protein uli-
lization by Gngerling rainbow trout Oncerhyrchus
mykiss compared with the replacement of FM by
each ingredienr alone. Ef-Sayed (1998) reported
that in Nie tlapia OQreachromis niloticus a bjood
medl and meat und bone meal mixiure resulied in
tawee prowih performances connpared with a FM-
hased diet.
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Tawny b Proximate compesitnar i%) of fdemeal, mixiure of animal by products [MAD), and Teed ingrediends use

v ALAH e y-maiter hysisg,

loyredient Priscin Lipd Aalt S LTNNTE

Uinds vk (lnsting) 7 g B4 370
Fasdv tal fasioivhacdent GR 6 it 1940 h g -
Ml TAG 14.4 123 LU

Paraltner mieyl H8.5 14,7 71.7% 411

Mo aned boare gl 355 1%.0 30 4 19

Veatheer i 847 5.2 34z 4N

Supid liver powdy 512 2.5 6.6 0.1

Fouliry Siy-prodect meal LRy is? i5.1 BR:E

Boexd il 1.5 074 2.3 8.23

Because of their high protein levels and eco-
pomie impacts, leather meal and squid liver pow-
der can also be good candidaies for replacing FM
in fish feeds. Leather meal is produced from the
taaning process, which generates much greaier
guanities of by-products and wastes than leather
product (Simeonouva and Dalev 1996} One ton of
wet salted hides yields only 208 ke of leaher but
over 681 kg uf solid by-prodoct, and the chemical
companiion of the by-products varies aceording
ta the pracessing method {Cabest et al. 1998).
Squid liver mead i3 oac of the traditional protein
saurces in dicts For penicid shiimp because of its
high level o ipid and n-3 highly unsaturated fatty
acid fowefion (o denoies the position of the fira
double bond fram the methyl end). Merican and
Shim (1995) reported 1hat squid liver meal is char-
actenzed by hiph Jdipestibility of dry matter and
total Bipid i diets for adaelt Pengeus monodon.

Therefore, it is important to study the nutritional
vialues of combinations of animal by-products in
arder t¢ repluce FM in commercial fish diets with-
out compronmising growth and feed efficiency. The
purpose of this study was o evaluate juvenile rain-

ow trouf fed diets containing graded substitutions
of a mixture of animal by-products {MAB) for FM
protein, specificaily by examining their growth and

feed wutifization, the whole body composition of

minerals, and apparent profein and phosphorus di-
gestibility. As part of the digestibility estimation
we tesled whether leachiog of nitrogen occurred
from sedimentary feces by comparing dipestibility
estimates based on feces collected "at different
times.,

Methods

Dieis.—Five experimenral diets were formulat-
cd {0 be isonitrogennus and isocalaric i terms of
crude protein (45%:) and gross enargy (4,180 keal/
kg}- The energy value of each diet was estimated
on the basis of mammalian physiclogical fuel val-

ues, i.¢., 4 kcallg protein or carbohydrate and 9
kcalfy lipid (Lee and Putnam 1973; Garling and
Wilson 1977). A mixture of animal by-producis
(MADB) used in this experiment was ubtained from
Pukyong National University, Pusas, Korea, and
consisted of 25% meat and bone meal. 24.5%
leather meal, 20% squid liver powder, 153% feather
meal, 7.5% blood powder, 7.5% poultry by-prod-
uct mead, and 0.25% each methioning and lysine
(Table }). The ratio of each ingredient for MAB
was hased on prodcin contents und amino acid com-
positioms and cost analysis for economic benafits,
For the experimental diets (Table 2}, FM way re-
placed by MAB on the basis of crude protein as
follows: control diet = HHI% FM: MAB20 diet =
80% FM: 20% MAB; MABAO diet = 60% FM:
40% MAB: MABGQ diet = 40% FM: 60% MAB:
and MAB100 dict = 100% MAB. To balance for
phosphorus, calcium phosphate (monobasic} was
added. The calculated essential amino acid con-
centrations in the experimental diets mct or ex-
cceded those recommended by NRC (1993). The
experimental dicts were pelleted, freeze dried, and
stored at ~20°C until used. For digestibility tests,
0.5% chromic oxide was included in the diets.
Fish, facility, and feeding trial ~-The feeding tri- .
al was perfarmed at the Piketon Research and Ex-
tension Center aquaculture facility with juvenile
rajinbow 1rout averaging (=SD; 0.96 = 0.07 g ini-
tial weight. Prior to the feeding trial, fish were fed
a commercial diet for 2 weeks to aliow for ad- |
justment to the experimental conditions. Fish were
randomly distributed inta groups of 30 in each of
3 tanks per treatment. Each experimental diet was
fed to iriplicate groups of fish; feeding rates ranged”
from 4% of fish weight at the beginning lo 2% ot
the end of the feeding trial (NRC 1993). The fish
were fed three times per day, 7 d per week, Thes
fecding trial wus conducled for 16 weeks in 50-L!
flow-through circular fiberglass tanks supplied
with well water at a flow rate of 1.8-2.0 L/min.
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FISH MEAL REPLACEMENT FOR RAINBOW TROUT

Tamy 2e-Lomposition (R} of coptrel and experimentil dices, MAD = micture of animal foy - produets.

Ingredicn or

thirscierislic Conund MABR2Y MABYU  MABol MAB Y}
Cint meal, meshaders 0¥y 1.0 1240 Rx: G0
Fish o, herming Huist {6 12450 By £L00
MA R ful 7.7 15 6 s D .65
FailE mea® 5.4} 500 5,0 50 .0
Whent middiings LY 2800 IR0 35 2800
Corp gluter meal 11,60 1960 tindi EL 60O Y
Hrower's yeast 6Vl GO0 64X fr.in} 6.5
Caleium phosphaite 1) 05 (HES b AG 250
Vigamin wixtaret 11 ¥ 0.5 .50 Ui .50
Mineral ssixtunsd £ 50 8,50 1.5 11,54 1150
Vibunin C*® oS anas (LIS Gia 0.05
Chaoline 1] g . og [LRR ]
Fizh rul, mmeahudes 800 T80 7.60 744 1.4
Cetinioue 125 [ .39 ti6 tos
Prisxamate comiparsitinn

Crutle proteia 45.3 451 45 .9 4.4
Phospharus 143 140 L6 1:58 152
Lipid A 6.9 6.9 {6k 1.5
Encrpy (Kealkg)! EWE ] 4,178 4,177 4376 4,180

A Composed of 25% memt wnd bonc meal. 24.5% keather meal, H¥E suid twer powder, 15T
feather meal, 7.5% blood meal, 7,549 pouitry by-praduct menl, and $.25% cach methionsns and
Tysine,

B Krill by drolysutes; Speciatty Marise Prodduers, Lid , West Yancouver, Ritish Colunbis, Canads

¢ Rochie Perfornmnce Prerma conposition {per pram of vitimin mixiure) vitamin A == 2 646 11)-
vitanug [y = 224 (L) vitanua E = 6. 1U; vitamin B9 = 13 ug; sbodlevm = 132 my; piacin
= 017 mg o-panwthesic acid = 12} g membone = 132 myg; folic aod = 1L.76 mg;

pyridaxing = 4,42 mg. thimmin « 7.93 mg. J-linia = 31 mp (Hollman-Ls Roche, #nc.,

Nutley, New Jersey|.

J Five mp Se in the farm of sodium sehenjte per kboptum Bermburr Tooarelli sali mixture (ICN

Prarmaceuieals, tne., irvine Casifimiag,

* Phospitan C (Mp- C-ascorbyl 2-phesphate); Showa Deako K. K., Tokyo, Japan
{ Calculated based o the cumpasitivns of the wgredicnts wsed (NRC 9935

Supplemental aeration was also provided 10 main-
tain dissolved oxygen at levels near saturation.
Water temperature increased gradually from B°C
ta 15°C during (he experiment and a diomal light:
dark cycle was regulated at 12 h: 12 h. Toual fish
weight in each tank was monitored every 4 weeks
to check growth and adjust feeding rate. Feeding
was stopped 24 h prior o weighing.

Feces collection and protein and phosphorus ab-
sorption.~—~The indirect method was used to cal-
culate the apparent digestibility coefficienl (ADC)
with 0.5% chromic oxide as an inert indicator (Cho
and Kaushik 1990}, The apparent digestibility co-
efficients for protein and phosphorus were calcu-
lated using the following formula:

ADC e = [1 ~ (NF/ND %X CrD/CrE)} X 100,

where: NF = percent nutrient in feces, NI} = per-
cent nutrient in diet, CyT) = percent chromic oxide
in diet, and CrF = percent chromic oxide in feces.
Feces were collected with a madified fecal collec-
tion system after 16 weeks of the feeding trial
(Yamamoto e al, 1998). From week 12 of (he feed-

ing trial, fish were fed the 0.5% chromic oxide
diets o facilitate the digastibility test, After 10
weeks of feeding trial. three groups of 20 fish per
diet treaiment were transferred (o three 50-L col-
lection tanks having a steep conical hottom con-
nected o a feces collection chamber. Water flowed
to the wop and out at the bouwom of the conical
tanks at a rate of less than 0.4 L/min., Fish were
prevented from stiming the feess by a circular net
placed 1t the base of the tank. To 1est the apparent
outrient digestibilities of the fve experimental di-
els, the fish were fed their last respective meal &1
2000 houss, and the feces were colleciled the next
day at 0800 hours. To compare apparent protein
digestibility with different times of fecal collection
(every 40 min, after 12 h, and 48 h), the leces of
the control fish fed the FM-based diet were col-
lected every 40 min for 7 h and again at 48 h after
feeding, The collected feces were immediately fro-
zen at ~20°C and then stored at —80°C wntil an-
alyzed.

Sumpie collection ond analysis.~Analyses of
crude protein, moisture, und ash in diets and wholi
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Expernendd] paiod week)

© Fiaore }o-Changes in meus hody weight of fuvenile
raintow trow! fed Lve differem dicts {5ee Tables | and
2 Tor deseiptivne ) far 16 weeks. Values are medns %
5D of tripheate proups, Digts maving different feners (o
w ) are sipnificantty diffcrend {7 < QU051 1he boxed inset
idicates sbiasticil compar cons batween groups at K and
£2 weeks.

bodies were porfosmed by stundnrd procedures
(AQAC 1995). Dictary Lipid was determined ue-
carding to Folch of 4k (1957) At the end of the
feeding trial, all fish were weighed snd counted o
caleulate percent weight pain (hody weight gain
X 100¢inuial body weipht)., Ieed efficiency {(body
weight pain ¥ 100/dry feed cousenied), protesn
efficiency ratio (hody weight gainfprowein intake),
specific growth rate i{log, fina) body weight - log,
iitial body weight) X j00/days), and sorvival,
Dicets and fish whole body were dry-ashed w de-
termine mineral compositions by the inductively
coupled piasma (ICP) emission speciromeétry
method (ARE-3560 Speciromecier; Appiied Re-

ey

PER BT A

search Luboratnries, Vadeovie, Californiu) aceord.
iny o Watson and isaac (1990) For chromyue
anzlvsiv, sanaples were digesicd with percilorie

acid. twa eated with the sanse methesd as cther -

eminefuls,

Sraiiktiee] witetvyis, ~Datn were sigected 1o
vne-wiy analbysis of varisnee { ANQVAL asing the
SPSS atatistival package (Version 9.4, SPSS iy i,
Porcemage data were aresine-translormed before
analysis. A Fisher least significant difference
{LSD) test was used 10 compare treutmenl meins
with £ = .05, The possibie replacement ievel of
FM proicin by MAB was determined by broken-
line regression analysis (Robbins et al. 1979).

Resully
CGrrenvith Performance and Whole Bocty Mineraly

Averuge body weights of fish fed experimental
diets during the |6-week period are shows e Fig-
ure 1. Fish growth cales began to diffar in week §
und became distinetly different between weeks 12
and 16, After the final week, fish fed diets con-
taining 4, 60, und 100% MAB prowin (diets
MAB40, MAB6, and MABIDD} exbibited sig-
nificantly lower weight gain. reed efficioncy. pro-
tein efliciency vatio, and specific growlh rate com-
pared with fish fed the control and MAB20 diew
{Tabic 3). The rexression equation for the broken-
tHoe aralvsis rachnique was ¥ = 1558 — 8.527X
{r=0.96)and ¥ = 1316. The breakpoint at 28.3%
MAB substituiion level produced the lcast mean
square eerar, and this value was determined as the
acceptable substitution level of MADB. intercsting-
ly. the whole body protein fevels of fish increased
as the MAB substitution in diets increased. No
moriality was observed doring the 16 weeks of the
feeding triai. Lower diet accepiance was noliced
in the fish fed MABI00 afier the week 12,

Taptt J—Weight pain (WG} feed effiaency (FE), specific growth rate {SGR), protein efficizncy ratio (PER), and
whoie body prolein (WBP) of juvenijle rainbow towt fed experimenin) and contro] diets for 16 weeks. Vilues are means
= SE of rriplicale groups by dic; values in (e same row followed by different fefters aie significamily differeat (P <
0.05). The acronym MAB = mikiure of animal by-products,

Charnererisiic Canarol M A B2} MAB4D MABED MAB DD

W0 SR (T I-  F 1S = 269y 15 £ 03y Y59 « B9 T s S w
FE [yt M= 109 04T 1792 948 2 10y B3 = Li5a X8 x QAT w
SGR (F¥ 240 2 04y 240 = 002y M E0y it £ 0.00% 189 » 0Nt w
PERS 228 2 0022 23 s hide 200 £ 093y IR E O3 1.57 £ 0t w
WBP (&) Sl T 0MWx 560 = B30« 565 & (43« 555 = D58y 0.4 £ D267

* Weight gain (%) = [tfinal weipht — initizi weight) X 100G}l weght,
R Fees elficrency (%) = [body weighi aain () ¥ 100Vdvy feed isddke (p).
¢ Spevific griwih rate (%3 = [{log, fnal weeght ~ Jog, initial weight) x 120Pd.

Y Prostin efficioncy ratio = body weiglt gain (gVprowin intake {g).

£ Whole body pretein (%) % (prosein comcentration X 100Wdry whole body whight (3.
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T b A-=Total b dnd oiiersd composition of the whole body of fish fed experitentai wnd comrol dists for 16
weehs. MAR = mivtare of aninal by-pioducts. Values we means & SE o iriplicate groups by diat values in the same
rne without a letter in common ure signiticantly different (£ < .05},

Nhinetas] Fnneat Cutliod AR AR A B MARIKG
Aok 75 GRT 23 YA oo Six GO 2 My 4 = QX (hs 2 0is,
1" P47 139 1 g« 1.5% 2 003 Tod = 100y 172 1 0dH LEd = O0R 2
ht'i) 17 SRR TITI 1.2 ruady 123 4 4105,y 122 in 136 = 0y
Caited EA2 176 0 4L 1.6F = bl x IR ERNREX 2N P88 = 04K by
Na ) IRTY 13,30 = (O] » iz hilx 8232 0]y .35 = {3y 040 = 042 2
Ma ) 0.9 LT 2 00y 0GT = Bty 11 = 0 ry Q113 = 1k ry 812 = 08,
Feppfz) 7 187 = N6 636 = 33y 996 - MY ay M B68En 6t = {3l
Aln (pafg? GLU o 638 FOY = 63 yx 118 = 266 2y D ol gl J1E BN N L 123y
Cu ipupfy? 1.23 FA2 2020, 1842 i6x 261 * U7 yx I 2%y IRT 2053,
2o 1ppdd Yr.s 614 = 081 yx 588 = 235« 852 = 325y 68.3 = Y26y 76.8 =350+

Whale bady ash levels increased as MAB sub- .

stitution in diets increased and were significantly
higher in MAB 100 groups compared with the con-
trol (Table 4). All the individual mineral levels,
except for Fe and Mn, followed the same trend as
whole body ash. However, the levels of ash and
individual minerals in feces collected 12 h after
laxt feeding decreased ag dietary ash and individ-
nal mineral levels decreased (Table S). as related
to increased MARB sabstitution in diets {Table 6}.

Apparent Protein and Phosphorus Availabifiey

After 16 weeks of {eeding, apparent protein and
phosphorus availabilities were determined in the
feces coliected 12 h after ¢ meal (Ficare 2). The
apparent protein digestibility of diets containing
MAB20 (85.8 = 1.05%), MAB40 (83.1 * 0.45%).
and MABG&O (827 + 2.67%) were not significantly
different from that of the control diet (85.0 =
1.88%), even though they produced lower growth
rates than the control. However, apparent protein
digestibility of the MABIOO diel (77.7 * 4.41%)
was significantly fower (P < 0.03) than that of the
control diet. Contrary 1o the observed trend of ap-
parent protein digestibility, test diets containing

MAB-exhibited significantly higher apparent phos-
phorus digestibility than the controd diet. Apparemt
protein digestibilily determined at fecal callection
times of 12 h (85.0 % 1.88%) and 48 h (874 =
1.16%) did not differ significantly from that of
feces collecied every 40 min (R6.0 & 2524,

Discussion
Greneth Perfarmance and Whole Body Minerals

Based ¢n the broken-line analysis. we found that
approximaiely 30% of FM protein could be re-
placed by MAB, which would iead to growth rates
in juvenile rainbow trout comparabtie to FM-based
diets. This is significamt because it is the first time,
te our knowledge, that two new animal protein
sources. leather meal and squid lver powder. have
been shown to be effective MAB components in
repiacing FM in fich diets. Fish fed the FM-based
control diet (} herring: 1 menhaden) grew very
well, showing comparable or higher specific
growth rates (SGR, percent growth rate 47 d, 2.40
4 0.0F) than those reporied in the fierawwre, For
instance, in an other rainbow trout study, Skonberg
et al. {1997) found that similarly sized fish (initial

TaLE 5.~Ash and mincrul composition of feces of the fish f=d the cxperimental and control diets for 16 weeks:

MAB = mixture of animal bv-products, Values are means

a letter in conmmon are significantly different (P < 0L05).

-+~

SE of wiplicate groups; values in the same row withoul,

Mineral Coatro! MARBZO MARB4D MABGI MABIX)
Axh () 27.7 = A3y 127 £ 0%y 230 > LGy 1.0 = 000 3= 0w
P (%) 395 v 008z 339 £ 019y J4f = OBy 214 =0.02x £SO 004 w
K (5% 004 = 007 2y 005 x GOz 0.04 = 0.00) zy 003 = 0.00) ¥y 0.03 = 0.007 zy
Ca (%} 645 = 1127 608 ~ L34z 596 x 037z 453 =042y 343 £ (1201
Na (%) 030 £ 0.02y 0.3¢ + G0l zy 042 £ 0032 033 = 0.02yx 026 = 004 x
Mg (%) 0 £ 003z 051+ 003 066 * 002y 025 002w 020 = 003w
Fe (ugig) 299 * 473+, 115+ 1022 1926 > 167y 1,029 = 92.5x F215 = 856 vx
Mn (up/g} 3694 2 6ldz 415+ M1y 861 * 166y 429 = 343y 25 = 220y
Cu (up/z) MO =032y 174 * O.RDX MY £ 1762 235 T 0483 zy 219 * 043y
Za (ugsp) 233 £ 4,732 225 11.5zy 217 = 13.8 1y 208 = 530y 155 + 6.702
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Tl b —Minerad conipesiiog ol the cxperimemal and
cubtral dicts: MADB = misiae of animal hy-producis,

il

cimponent Ponlrel MABRIY RIATIE MBS MAR K
[ ol & ¥ 163 1.52 b4 1.58 E52
Ki%) It i o2 0,42 .65 fr Rt
Calhh 147 1.5 bS5k {40 .19
Ma 193 EES 04t 041 3K 3
My 19 {32 0N.us 03 029 [t
Fe (upfay 135 159 w Jx6 404
Ma {ugiz 13 11} Hial (e Hir
Cu {(wpred . 4.9 4.7 17.3 i77
Zn (upgle) B4 843 REA #49 Bl 4

weipht, 1.8 g) Jed a coatral dict (herring FM-
hased) for & weeks had an SGR of 1.12% SGR for
resiricted feeding (3-4A%/ d) and 2.56% for ad ii-
bitum leeding at temperdiures of 15-21°C. Rain-
bow trout, weighing 3 g, fed 3 menhaden FM-
based dict ad libitum had an SGR of 2.77% afier
13 weeks of feeding (Watanabe et al. [993), Fur-
thermore, the feeding period in our study was rel-
arively fong, compared with many other FM re.
placement studies of juvenile ainbow troul, be-
cause of rapid growth rates in tire joveniles (Wa-
tanabe ctal. 1995; Yamamoto et al. 1995; Stckney
et al. £996).

Most individual 2aiaial protein sources, such
meal and bone meal, feather ineal, blood meal, and
paviry by-product meal, have been able to replace
less than 50% of FM in diets of salmonids. Fowler
{1991) found that poultry by-product meal could
campose 20% of & practica! diet lor chinook salm-
on Oncorliynchus tshawytscha, with coneurrent re-
duction of the FM by 50%, without impairing
growth and feed efficiency. Feather meal was re-
parted &5 a minor replacer flor FM in dizis for coho
salmon Q. kiswrch (HMiggs et al. 19793, ehinook
salmon (Fowler 1982}, and Nile tilapia {(Bishop et
al. 1995), High levels of meat and bone meal in
fish diets showed different results in different sh
species. Blood meal was also studied in rainbow
trout (Luzier et al. 1953}, eel (L.ce and Bai 19§7),
and tilapia {Lee and Bai 1998), When FM is re-
ptaced with combined ingredicnts, the interpre(a-
tion ol resulis is difficult because many interac-
tions between nutrients may be involved in muiri-
eat metabolism. In our study, approximaicly 30%
of MAB protein was able 10 replace FM protein
in juveniie rainbow trout diets, showing that in the
group with 40% MAB the prowih rale decrease
was less than 7% of the control. The lower growth
performance is probably related to the inferion
quality of the animal protcin sources, but [eather
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FIGuRe 1.—Apparent digestibility coefficicols for
protein und phosphorus in juvenile riinbaw trout fed
experimeniyd diets for 6 weeks. Feces were collecied
12 hatier the st feeding in the digestibiliey test. Values
are meass I SD of wiplicate groups. Bars having dil-
fercat letters {a-h for protcte, z-w fur phosphorus) are
signiticantly differens {7 < 0.05),

meal and syeid liver powder seern 1o have potential
us anbnal protein yources in rinnbow trout feed.

Sogiura el al. (1998} reported that the levels of
Ca snd ash in sxatmonid diets formuolated with an-
imal by-product sources were inversely currelnted
o the percentlage uf net shsorption of Ca, Fe, and
Mn, indicating passible antagonistic interactions
of Ca with these minerals. Our resulis were similar
W that of Sugiura et el. {1998). In our study, ssh
and samc minera! whole body concentrations (Ta-
ble 4} were inversely correlated with those of the
experimental diets (Table 6). The whole body con-
centratians of Ca, K, Na, and Mg were inversely
correlated with dictary levels of Ca (r = ~0.89),
K {r=~098) Na{r = «0098), and Mg {r =
—0.91; P < 0.05 for ail), However, the levels of
ash and Ca in feces showed a positive corrclation
with the dietary ash (r = .94 P < (.05) and Ca
(r=0399; P <001} A similar rend was abserved
in other mineral levels between dier and feces,
eved though the positive correlations were not sig-
nificant (£ > 0.05), This result confirmed dats of
Sugiura et al. (1998}, whe reporied that fecal nu-
tricnt losses were positively correluted (P < 0.05}
to nutrient intake, except for protein, Na, K, and
Zn.

. Apparens Protein and Phosphorus Availability

Apparent proicin digestibility was not signifi-
cantly different for up to 60% replacement of FM
protein compared with that of the control diet, even

A et .



FISH MEAL REPLACUMENT FOR RAINBOW TROUT

though weight gain was lawer in the 40% and 60%
replacement groups than in the control. This result
may indicate that appareot protein digestibility of
MA@ is slightly lower than that of fsh meal in
juvenile ot Although FM and MAB were not
the only profein sources in the diets, the other pro-
win sourees {e.g., wheat middiings, corn gluen
meal, veast, and krifl meal) were incorporated in
all the dieis at the sume levels. Wuranabe and
Poagmaneerat (1991} 1eported that rainhow trout
had lower protein digestibility of meat and bone
meul (78% ) than of whise {92%) and brown (90%)
FM. Robaina et al. (1997 mentioned that poor
digestibility of mzat and bone meaf in diets of
gilthead seabream Sparus aurata was due to its
high ash content. The reason for the Jower apparest
protein digestibility of MAB in our study might
be attributed to the poor amino acid profile rather
than the high ash content of nieat and bone meal
{the major ingredient in MAB) because the ash
content of MAB was lower than that of FM {Table
1.

Higher apparent phospherus aveilabilities were
found in the test diet groups than the control group
(Figure 2). The reason for this scems to be due (o
supplementation of highly absorbable menobasic
catcium phosphate in the test diets (NRC 19931,
The availability of phosphorus from FM, which is
primarily of bone origin, is generally lower ihan
that of cerfain other high-protein feed ingredients,
such as casein and yeast. Therefore, our findings
suggest thal using a mixture of animal by-products
migh: improve phaspherus availability in juvenile
trout diets. Furthermore, an MAB counld have an
advantage in reducing phosphorus release into the
water, as indicated in feces phosphorus concentra-
tions {Table 5). This is a0 nportant consideration
because of the effect of aquacuitural phosphorus
discharge on stream eutrophication (Hardy 1999).

Fecces collection frequently results in nutrients
leaching into the water and leads to overestimation
of digesubility: approximately 5-8% higher valoes
than those determined by wsing lecal stripping or
dissection methods (Brown 1993; Hajen et al.
1993; Watanabe er al. 1996, Alan et al. 1999).
However, Allan et al. (1999) reported that strip-
ping was not a suitable method for collecting di-
gesta from juvenile silver perch Bidyarnus bidyanus
smaller than 10 g, and dissection methods exhib-
ted considerzbly lower values than colicction
methods with rapid setilerment, In our study, we
used a collection method employing rapid settle-
ment {Yamamoto et al. 1998) and determined ap-
parent protein dipestibility from feces collected at
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three different schedules {every 40 min. 12 h, and
48 h). Feces coliected every 40 min retained their
original bound form However, we found some
taosened of fecal form ai 12 h and more & T2 b
zollections, but the reiated average vilues of prol™—
tein digesiibility were not stadstically signiticaat.
This is supporied by Allan et al. {1999}, who re-
poried similar digestibility Trom feces coliceied at
different times {2, 6, 12, and 18 h), and by Satoh
et al. (1992), who reported minimal differences in
protein and lipid digestibility derived from feces
coliected at 3, 6, ¥, 12, and 5 h afler rapid sei-
tleruent in a fecal collection chamber. Therefore,
our findings suggests that, with rapid feces settle-
ment systems, fecal collection times of 40 min to
48 b do not tesult in differend protein digestibiliny
vaiues,

Based on the wholesale market price of 1998,
fish meal (menhaden:hemring, 1:1) used in the pre-
sent study was US$ 2.51/kg and the estimuted cost
for MAB was 0.56/kg (Jack Bardail, OARDC,
Wooster, Ohio. personal communication). There-
fore, we eapect that at least $ 0.22/kg of juvenile
rainbow trout feed could be suved if 30% of FM
protein is replzced by MAB. Usc of MAB in fish
diets as a FM replacement could be more cost-
effective in the future if the price of FM countinues
{o rise. ’

Jn conclusion, oor findings suggest that MAB
could replace approximately 30% of FM protein
in dicts for juvenile rainbow trout without adversc
growth effects for up 10 16 weeks. Also, fecal coj-
lections within 48 b of iast feedings should not
significantly overestimate appurent protein digest-
ibility values. Further research wifl be reguired 1o
determine the feasibility of using MAB composed
of different combinations of ingredients and ex-
amine affects on larger sizes of fish.
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ANEXO 5: CURRICULUM VITAE DEL EQUIPO DOCENTE

Se debera incluir en esta seccion el curriculum vitae completo y fotocopia de los certificados de titulos (si comesponde) dew
cada une de los inlegrantes del equipo docente de la actividad de formacidn o capacitacion. Especificar funcion y
responsabilidad en la ejecucién de la propuesta.

Se debe completar Ia ficha que sigue a continuacién para cada uno de los integrantes del equipo docente.

FICHA DE ANTECEDENTES PERSONALES RESUMIDA _

W

ANTECEDENTES PERSONALES
{Obligatorio para todos los parficipantes)

Nombre completo Bai Sungchul Charles
RUT

Fecha de Nacimiento 23 de Febrero de 1954
Nacionalidad Koreana

Feeds and Foods Nutrition Research Center
Pukyong Nationat University

Busan 608-737, Korea

Direccion particular (indicar comuna y region)

Fono particuiar (82-51) 620-6137/6874
Celular
E-mail schai@pknu.ac.kr

Banco y nimero de cuenta corriente personal

Género (Masculino o femenino) Masculino

indicar si pertenece a alguna etnia {mapuche,
aymard, rapa nui, atacamefia, quechua, collas,
alacalufe, yagan, huilliche, pehuenche)

Nombre y teléfono de |a persona a quien avisar
I_u*!n caso de emergencia
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ACTIVIDAD PROFESIONAL Y/O COMERCIAL (ACTUAL)

Nombre de la Institucién o Empresa a la que Feeds and Foods Nutrition Research Center

pertenece Pukyong National University,
Pusan

Rut de [a Institucion o Empresa

Nombra y Rut del Representante Legal de la

empresa
Cargo Investigador/Docente

|

| Profesidn Dr. en Nutricion Animal

Feeds and Foods Nutrition Research Center
Pukyong National University

Busan 608-737, Korea

Direccion comercial {Indicar comuna y regidn}

Fono y Fax comercial

E-mail

Clasificacion de publico o privado

Banco y numero de cuenta corriente de la
institucion

ACTIVIDAD COMO AGRICULTOR {ACTUAL)
{Completar solo si se dedica a esta actividad)

Tipo de Agricultor (pequefio, mediano o grande) |

Nombre de la propiedad en la cual trabaja

Cargo [duefo, administrador, etc.)

Superficie Total y Superiicie Regada

Ubicacion (detallada)

Rubros a los que se dedica (incluir desde
cuando se trabaja en cada rubro) y niveles de
produccion en el rubro de interés

Resumen de sus actividades

Organizaciones (campesinas, gremiales ©




empresariales) a las que pertenece y cargo, si lo
ocupa




CURRICULUM VITAE
Brief to December, 2005.

NAME: Sungchul Charles Bai

CURRENT TITLE: Undergraduate and Graduate Faculty
Professor/Department of Aquaculture
Director/Feeds and Foods Nutrition Research Center
Pukyong National University
Busan 608-737, Korea {82-51} 620-6137/6874
E-mail: scbai@pknu.ac.kr or scchai@empal.com
Fax (82-51) 628-6873/6875 Homepages: www.ffnrc.com

DATE OF BIRTH: February 23, 1954 (Koréa)

EDUCATION : B.S., Animal Husbandry, Kon-Kuk University, Seoul, 1980
M.S., Animal Nutrition, California State University, Fresno, 1984
Ph.D., Nutrition/Physiological Chemistry, Schoal of Veterinary Medicine,
University of California, Davis, 1990

PROFESSIONAL AND ACADEMIC APPOINTMENTS:

President-elect, World Agquaculture Society, 2006 -Presant

President, Korean Ee{ Aquaculture Research Assodiation, 2003 - present

President, Vision 21 Korean Aquacuiture Forum, 2003 - Present

Board of Director, World Aquaculture Sodety (WAS), 2003 - present

Editor, Aquaculture (The offidal Jounal of Korean Aquaculture Sodety) 2002 - present
Associate Editor, The Joumal of World Aquaculture Sodiety (JWAS), 2001 - present

Editorial Board Member, Aquaculture Research, Blackwell Science Ltd., 2000 - present
Editoriat Board Member, Journal of Asian Fisheries Soclety, 2005 - Present

Director, Feeds and Foods Nutrition and Research Center, Busan, Korea, 2000 -~ present
Visiting Professor, Dept. of Animal Sciences, Univ. of California Davis, Davis, Ca, 1999-2000
Chairman, Dept. of Aquaculture, PKNU, Busan, Korea, 1996 — 1998

Professor, Dept. of Aquaculture, PKNU, Busan, Korea, 1993-Present (promotion in 2005)
Visiting Assistant Professor, Sch. of Nat. Resources, The Ohio State University, USA, 1993-93
Postdoctoral Research Associate, Departrnent of Wildlife and Fisheries Sdences, Texas A&M
University, Caollege Station, TX, 1990-1992

Postgraduate Researcher and Graduate Research Assistant, Department of Physiclogical
Sdences, School of Vetennary Medidne, University of California, Davis, CA, 1986-1990.

TEACHING AND ACADEMIC ACTIVITIES:

Current teaching Subjects: Feeds and Nutrition; Feed Technology; Fish Nutriion; Nutritional
Biochemistry; Aquaculture Intemship; Research.

Department Undergraduate Advisor, and 15 Undergraduates

Current Undergraduate, Graduate Students and Staffs: 16 studdents and 8 full time staffs,
Member, Faculty of Aquaculture and Fisheries Biology for Graduate School Facuity of
Aquaculture for Graduate School of Industry



RESEARCH INTERESTS:

Basic nutrition of fishes and shellfishes, with primary emphasis on spedes cultured for human
consumption.  Research activities indude detymining dietary requirements fer and
metabolism of various nutrients, Consideration is given to such aspects as nutritional
biochemistry, nutritional energetics, and nubiition-disease interactions of fish as it relates to
human health. Research is coordinated to provide a8 comprehensive basic fish nutrition
program which are targeted {0 improve production effidency in aquaaulture and enhance the
quality of resulting products, to develop fishmeal anaiog and microencapsulated larval feeds,
and to develop the computer feed formulations and the analytical methodology in aquaculture
and fisheries managements.

CURRENT GRANT and Other SUPPORTs:

Ministry of Marine Affairs and Fisheries, $100,000 (2006. 3 — 2007. 3)
Binex, Doha Industry and other industry projects, $40,000 (2004, 10 - 2006. 7)
FFNRC with 8 staffs made annually $100,000 in 2005 and expected $150,000 in 2006.

PROFESSIONAL MEMBERSHIP .

American Soclety of Nutritional Sciences (ASNS).
Korean Aguacuiture Sodety.

Korean Fisheries Sodety.

Korean Society of Animal Nutrition & Feexdstuffs.
New York Academy of Sciences

Sigma X, The Scientific Research Society.

The Korean Socety for Chibin and Chitpsan.
Vision 21 Korean Aquacuttue Forum

World Aquaculture Sodety (WAS)

SELECTED PUBLICATIONS:
Journal papers and | Conference Proceedings,
Books Thesis Research Reports, Patents
Academic Essays, etc.
Domestic | Foreign | Domestic | Foreign |Registered |Appiied
13 42 bt 144 135 4 6




ANEXO 6: PRECIOS Y COTIZACIONES

Se deberan adjuntar en este Anexo los precios de referencia y las cotizaciones que avalen los calculos de costos. .
realizados.



TARIFA E ITINERARIO MR. BAI

FECHA VUELO RUTA SALE LLEGA
14 Julio 06. Korean A. 1402 | Pusan Seoul 07.00 hrs. 08.00 hrs.
14 Julio G6. Korean A. 017 [Seoul Los Angeles 15.00 hrs. 10.20 hrs.
14 Julio 06. Lan 601 [Los Angeles Santiago 14.05 hrs. 06.08 hrs.
23 Julio 06, Lan 600 | Santiago Los Angeles 21.10 hrs. 07.40 hrs.
24 Julio 06, America 1936 |Los Angeles San Francisco | 13.50 hrs. 15.05 hrs.
r‘i3 Agosto 05. [Worean 024 | San Francisco | Seoul 14.40 hrs. 18.40 hrs.
14 Agosto 06. | Korean 1405 | Seoul Pusan 20.05 hrs. 21.20 hrs.

VALOR : USD 3.680.-

NOTAS :

Reservas confirmadas ida y regreso.
Estadia minima 05 dias y méxima 3 meses.
Reserva y emision simultanea.
Cambios antes de la partida NO permite.

Cambios después de la partida con multa de USD 300.-
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GOBIERNO DE CHILE
FUNDACION FARA LA
INNOVACION AGRARIA

ANEXO 3. VALORES. VIATIVOS ALCJAMIENTO Y ALIMENTACION

-(Para aplicar en los calculos de cotos, aporte FIA y aporte de i:ontraparte) R

Pais Ciudad Viatico (US$/dia)
Incluido alojamiento

CHILE 93

Programa de Formacion de Recursos Humanos para la Innovacion
Realizacion

25 Ventanilla Abierta 2006

Bases de Postulacién



