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Prefacio 

La presente tesis está basada en los siguientes trabajos: 

Artículos publicados: 

l. Pascual, C., G. Gaxiola, C. Rosas. 2003. Blood metabolites y hemocyanin of the 

shrimp Litopenaeus vannamei: the effect of culture condition and a 

comparison whit other crustacean species. Marine Biology. 142: 735-745. 

2. Pascual, C., L. Arena, G. Cuzon, G. Gaxiola, G. Taboada, M. Valenzuela y C. 

Rosas. 2004. Effect of a size-based selection programm on blood metabolites 

and immune response of Litopenaesu vannamei juveniles fed with different 

dietary carbohydrates levels. Aquaculture 230: 405-416. 

3. Pascual, C., Zenteno, E., Cuzon, G., Sánchez, A., Gaxiola, G., Taboada, G., 

Suárez, J., Maldonado, T., y Rosas, C. 2004. Energetic balance and 

immunological responses of Litopenaeus vannamei juveniles to dietary proteins. 

Aquaculture. 236: 431-450. 

4. Pascual, C., Sánchez, A., Zenteno, E., Cuzon, G., Gaxiola, G., Brito, R., Gelabert, 

R., Hidalgo, E. y Rosas, C. Biochemical, physiological, and immunological 

changes during starvation in juveniles of Litopenaeus vannamei. Aquaculture. 

Aceptado. 

Artículo en colaboración: 

5. Arena, L., Cuzon, G., Pascual, C., Gaxiola, G., Suyes C., VanWormhoudt A., 

Rosas, C. 2003. Physiological and genetic variations in domesticated and wild 

populations of Litopenaeus vannamei fed with different carbohydrates levels. 

Journal of Shellfish Research 22-1: 269-279. 
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Trabajos presentados en congresos: 

1. Pascual C., Rosas C., Gaxiola G. y L. Arena. Respuesta fisiológica de los juveniles 

de Litopenaeus vannamei silvestres y cultivados, alimentados con bajos y altos 

(3 y 44 %). VI Simposium Internacional de Nutrición Acuícola, Cancún, Quintana 

Roo, 3 al 6 de septiembre de 2002. 

2. Pascual, C., Sánchez, A, López, N., Martínez, G., Hidalgo, M., Arévalo, M., 

Taboada, G., Gaxiola, G., y C. Rosas. Las proteínas dietéticas modulan el 

estado nutricional y la respuesta inmunitaria de Litopenaeus vannamei 

(Crustacea: Decapoda: Penaeidae). X Congreso Latinoamericano de Ciencias 

del Mar, San José, Costa Rica del 22 al 26 de septiembre de 2003. 

3. Pascual, C. y L. Arena. Efecto de la domesticación sobre el estado de salud del 

camarón blanco Litopenaeus vannamei. V Semana de Biología Molecular y 

Biotecnología. Benemérita Universidad Autónoma de Puebla. Noviembre de 

2003. 

4. Pascual, C., Sánchez, A, Gaxiola, C., y Rosas, C. Indicadores de la condición 

fisiológica del camarón blanco Litopenaeus vannamei. 1 a Reunión Regional de 

Estudiantes de Posgrado en Ciencias Biológicas. Centro de investigaciones 

Científicas de Yucatán, 3 de Noviembre de 2004. 

5. Pascual, C., Sánchez, A, Suárez, J., Cuzon, G., Gaxiola, G. y Rosas, C. Energetic 

metabolism and immune response of Litopenaeus vannamei juveniles to dietary 

protein: feeding and starving conditions. VII Simposium Internacional de 

Nutrición Acuícola, Hermosillo, Sonora, México del 16 al 19 de noviembre de 

2004. 
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Abreviaturas 

aa aminoácidos 

AAL pool de aminoácidos libres 

A-CoA acetil-Coenzima-A 

B branquias 

C intermuda 

C cutícula 

CAG ciclo de los ácidos grados 

CG ciclo del glutamato 

CK ciclo de Krebs 

CR cadena respiratoria 

CHO carbohidratos 

FO penoloxidasa 

GOH glutamato desidrogenasa 

GL glucólisis 

H hemolinfa 

HHC hormona hiperglicemiante 

LP lipoproteínas 

LPS lipopolisacaridos 

LT ledina 

M músculo 

Oxi oxihemocia nina 

PAM péptidos antimicrobianos 

PO proteínas dietéticas 

ProFO profenoloxidasa 

SN sistema nervioso 

BG beta-glucanos 

TH tejido hematopoyético 

TPH tasa de proliferación de he mocitos 

vi 



Abreviaturas (por sus siglas en inglés) 

A asimilated energy HCHO high carbohydrate 

AG acylglycerids HP high protein 

AM adult males I ingestion rate 

ARB respiratory burst activated J juveniles 

BRB respiratory burst basal LCHO low carbohidrate 

BWd body weight/day LP low protein 

C inter.-molt stage LPSBP lipopolysaccharide binding protein 

CP crude protein OC osmoregulatory capacity 

CP clotein protein OP osmotic pressure 

CHH hyperglycemic hormone Oxy oxyhemocyanin 

CHO carbohydrate P production 

DG digestive gland PO phenoloxidase 

DGC daily growth coefficient PpA prophenoloxidase-activing enzyme 

DGG digestive gland glycogen ProPO prophenoloxidase 

DGT L digestive gland totallipids R respiratory rote 

DP dietary proteins RAHI repiraton of procces ingested food 
DPL dietary protein levels 

RRUT respiration of rutine metabolic 
FCR feed conversion ratio BGBP beta glucans binding protein 
FP females from ponds TAG triacylglycerols 
FW from wild populations TCA trichloroacetic acid 
GC granular cells TH total hemocytes 
H heces U urine produds 
HC hemocyanin 

[HC] hyaline cells 
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Resumen 

La presencia y la diseminación de las enfermedades infecciosas representan el 

punto de mayor riesgo para el cultivo de camarón debido a la falta de un 

diagnóstico preventivo y de tratamientos eficientes. Los componentes de la 

hemolinfa han sido ampliamente utilizados para determinar el estado fisiológico 

de los crustáceos, pero poco se conoce acerca de los patrones de variación a 

nivel poblacional. En el presente estudio se elaboró una base de datos para 

algunos componentes de la hemolinfa de juveniles de Litopenoeus vonnomei. El 

grupo de datos se construyó con mínimo 60 camarones en intermuda por 

condición de cultivo (experimental, 90 1, Y piloto comercial, 20 t). Los resultados 

indican que los componentes de la hemolinfa derivados del metabolismo 

intermediario (proteínas, glucosa, acilglicéridos y lactato), reflejan las rutas 

metabólicas involucradas en el aprovechamiento y el uso de la energía. La 

concentración de la oxihemocianina (OxiHc) señala la reserva de proteínas en la 

hemolinfa y esta relacionada a la ruta gluconeogénica. Se compararon estos 

datos con los reportados en la literatura para L. vonnomei y otros crustáceos. Las 

variaciones en los componentes de la hemolinfa presentaron una relación con la 

actividad, consumo de oxígeno, amplitud metabólica y el grosor del caparazón. 

En este sentido, los componentes de la hemolinfa parecen reflejan las 

adaptaciones fisiológicas de los crustáceos, por ser el resultado de la demanda 

de energía de los organismos. Desde el punto de vista aplicativo la hemolinfa de 

los camarones es fácil de obtener y sus componentes brindan importante 

información biológica, por lo cual, podría utilizarse para monitorear la condición 

fisiológica de organismos silvestres y cultivados. 

El estudio de los componentes de la hemolinfa de los camarones silvestres y 

cultivados (F7 ) provenientes de un programa de selección por tamaño señaló los 

ajustes fisiológicos asociados al proceso de domesticación, y a las 

transformaciones de la energía derivada del alimento. El estudio de los juveniles 

cultivados indica una reducción en la capacidad para aprovechar mayores 
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niveles de carbohidratos en la dieta (44 % CHO), lo cual afecta el estado 

nutricional e inmunológico de los camarones. Los juveniles domesticados 

metabolizan preferentemente a las proteínas. lo cual representan una mayor 

dependencia de este nutriente después de varias generaciones. 

El estudio del balance energético, el estado nutricional y la respuesta inmunitaria 

en juveniles de L. vannamei (F9) alimentados con 5, 15 Y 40 % de proteínas 

dietéticas (PD) indica el carácter central del catabolismo de las proteínas en los 

camarones cultivados y seleccionados por tamaño, ya que el crecimiento, las 

reservas y el estado inmunológico de los juveniles de L. vannamei estuvieron 

asociados al nivel de las proteínas en la dieta . La concentración de los hemocitos 

circulatorios y la actividad fagocítica de los juveniles varió de manera directa y 

significativa (P < 0.05) con el nivel de proteínas dietéticos. Cuando los organismos 

fueron alimentados con 5 % de PD lograron mantenerse e incorporar una ligera 

biomasa durante los 50 días experimentales. No obstante, la energía asimilada fue 

insuficiente para mantener al sistema inmunitario (cantidad significativamente 

menor de hemocitos, actividad de fenoloxidasa y estallido respiratorio), y 

también, para generar reservas (bajos niveles de glucógeno en la glándula 

digestiva y OxiHc). El estudio realizado con organismos en ayuno prolongado (21 

días) permitió señalar que las proteínas dietéticas, aportadas previamente (5 y 40 

%), están asociadas con el manejo de las reservas y que esto afecta el estado 

nutricional e inmunológico de los camarones. 

Tomando esto en consideración, se elaboró un modelo conceptual que integra el 

aprovechamiento del alimento de organismos silvestres y cultivados, las rutas 

metabólicas y diversos mecanismos fisiológicos involucrados en el mantenimiento 

de la homeostasis de los juveniles de camarón. El esquema señala el carácter 

central del metabolismo de proteínas en los juveniles de L. vannamei, e incluye las 

principales vías metabólicas, sus interconexiones y productos, lo cual representa el 

flujo de la energía química desde el alimento hacia los procesos fisiológicos, la 

incorporación de biomasa, la síntesis de hemocitos y la generación de reservas. 
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Abstract 

Presence and dissemination of the infectious diseases represent the point of major 

risk for the culture of shrimp due to the absence of a preventive diagnosis. The 

components of the hemolymph have been widely used to determine the 

physiological state of the crustaceans, but little is known about distribution levels of 

metabolites in a population. In the present study it was elaborated a baseline for 

some components of the hemolymph of the juvenil e of Litopenaeus vannamei in 

intermolt stage. Statistical analyses were done with minimum 60 shrimps cultured 

indoor (90 I tanks) and outdoor, (20 t ponds). The results indicate that proteins, 

glucose, acylglycerol and lactate reflect the metabolic routes involved in the use 

of the energy. The concentration of the oxyhemocyanin (OxyHc) indica tes the 

reserves of proteins in the hemolinfa, which is related to the catabolism of proteins, 

oxygen demand · and the glyconeogenic pathway of the shrimps. The values 

obtained were compared with blood metabolites reported in the literature for L. 

vannamei maintained under similar conditions, and with other crustaceans. The 

changes in the components of the hemolinfa presented a relation with the 

activity, consumption of oxygen, metabolic largeness and the thickness of the 

shell. Possibly the components of the hemolymph and OxyHc could be reflecting 

the morphological and physiological adaptations of the crustaceans, for being 

the result of energetic demands. From the point of view applicative the 

hemolymph of the shrimps it is easy to obtain and his components offer important 

biological information, for which, there could be used for determine the 

physiological condition of wild and cultivated organisms. 

In the present investigation the components of the hemolinfa reflected the 

physiological adjustments associated with the process of domestication, and to 

the transformations of the energy derived from the food. The study of the juvenile 

proveniences of a program of selection for size (F7) indicated a redudion in the 

aptitude to use of major levels of carbohydrates in the diet (44 % CHO}.These 
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organisms metabolize preferably to the proteins, which they represent a major 

dependency on this nutrient after several generations. 

The growth, the reserves and the immunological sta te of the juvenile ones of L. 

vannamei were directly associated at the level of the diet proteins (5, 15 and 40 % 

DP). The concentration of the circulatory hemocytes and the activity of 

phagocytosis (respiratory burst) of the juvenile changed in a direct and significant 

way (P < 0.05) at the level of dietetic proteins. When the organisms were fed by 5 % 

of DP they survived and incorporated a light biomass (50 experimental days). 

Nevertheless, the assimilated energy was insufficient to support to the 

immunological system (significantly minor quantity of hemocytes, activity of 

phenoloxidase ond respiratory burst), and also, to generate reserves (Iow levels of 

glycogen in the digestive gland and OxyHc). The studies realized with organisms in 

long fasting (21 days) allowed to demonstrate thot the dietetic proteins, previously 

feed (5 and 40 %) are associated with the use of the reserves, determining the 

nutritional and immunological state of the shrimps. 

Taking this in consideration, there was elaborated a conceptual model that 

integra tes the metabolic routes and diverse physiological mechanisms involved in 

the maintenance of the homeostasis of the shrimp wild and cultivated (F7 y F9). 

The scheme indicates the central character of the metabolism of proteins in 

juveniles of L. vannamei. The model includes the principal metabolic routes, his 

interconnections and products, which represent the flow of the chemical energy 

from the food towards the physiological processes, the incorporation of biomass, 

the synthesis of hemocytes and the generation of reserves. 
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Introducción 

El cultivo de camarón es una actividad económicamente importante a nivel 

mundial que actualmente enfrenta una crisis debido a la aparición y 

diseminación de enfermedades infecciosas (Hossain et al., 2001: Chamberlain, 

2002). La experiencia generada en los sistemas de cultivo señala que los brotes de 

camarones enfermos generalmente son el resultado de la coinfección de diversos 

patógenos y, que en muchos de los casos, están asociados con alteraciones 

ambientales (Lightner y Redman, 1998: Le Moullac y Haffner, 2000a). 

El desarrollo de un proceso infeccioso es generado por la ruptura del equilibrio 

entre patógeno, hospedero y ambiente. Este equilibrio está directamente 

vinculado a los procesos fisiológicos, que permiten canalizar la energía del 

alimento hacia los ajustes metabólicos, originados por la interacción dinámica 

entre el organismo y su ambiente (Síma y Vétvicka, 1990). La aclimatación de los 

camarones a los sistemas de cultivo implica una constante compensación 

fisiológica para enfrentar las fluctuaciones ambientales, entre las que sobresalen 

importantes cambios en los parámetros fisicoquímicos, en la calidad nutricional 

del alimento y los asociados al manejo de altas densidades (Costa et al., 1998: 

Rodríguez et al., 2000: Dias, 2000). 

Aunque mucho se ha avanzado en el conocimiento de las condiciones óptimas 

de cultivo y los requerimientos nutricionales del camarón blanco Litopenaeus 

vannamei (Rosas et al., 1995a: Shiau, 1998: Lignot et al., 1999: Palacios, 1999: 

Sánchez, 2001), la aparición de enfermedades sigue representando una merma 

en el crecimiento, y continúa generado cuantiosas pérdidas por las altas 

mortalidades (Bachére et al., 1995a: Rodríguez y LeMoullac, 2000). Con el fin de 

evitar las infecciones, en muchos casos se adicionan al alimento antibióticos, pero 

su uso frecuente puede propiciar resistencia por parte de los patógenos, además 

de bioacumularse en el camarón y generar efectos ambientales colaterales (Sun 
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et al., 1996; Rengpipat et al., 1998}. Adicionalmente, el origen viral de muchas de 

las infecciones de los camarones limitan la eficiencia de tales tratamientos (Le 

Moullac et al., 1998b). 

Un mayor conocimiento de los procesos inmunológicos asociados a la bioquímica 

fisiológica permitiría identificar las mediciones que pudieran proporcionar mayor 

información a cerca del estado fisiológico, el cual a su vez, pudiera ser utilizado 

para determinar la susceptibilidad de los organismos ante ciertas condiciones de 

cultivo o alguna enfermedad (Bachére et al., 1995b; Ughtner y Redman, 1998; Le 

Moullac et al., 1998a). 

Al respecto, diversas investigaciones han propuesto algunos componentes de la 

hemolinfa como indicadores de la condición fisiológica de los camarones. Las 

variaciones de la capacidad osmótica y la concentración plasmática de 

metabolitos han sido utilizadas para determinar el estado fisiológico en relación con 

la talla, el estadio de muda y la presencia de contaminantes (Un y Ting, 1994; Ugnot 

et al., 1997), el oxígeno disuelto (Charmantier et al., 1994), la calidad de los 

reproductores (Palacios et al., 1999; Pascual, 2000; Racotta y Hernández-Herrera, 

2000; Sánchez et al., 2001) Y el tipo de alimentación (Rosas et 01.,2000; 2001 b; 2002). 

No obstante, en la mayoría de las investigaciones, la fisiología y la inmunología de 

los camarones han sido estudiadas por separado, y por ello, la vinculación entre 

los procesos metabólicos e inmunológicos no ha sido contemplada. Bajo este 

enfoque, el presente trabajo fue diseñado para abordar de manera integral 

aspectos metabólicos, energéticos e inmunológicos de los juveniles de 

Litopenaeus vannamei asociados con el proceso de domesticación, la condición 

nutricional y dos tipos de cultivo (condiciones controladas, 90 1, y escala piloto 

comercial, 20 t). 
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Antecedentes 

1. Estado actual y perspectivas del cultivo de camarón 

El cultivo de camarón ha representado una buena alternativa ante la disminución 

de la pesca en altamar. En el 2002 de las 100.478 toneladas de camarón 

producido en México, el 45.63 % fue cultivado, lo cual revela que la 

camaronicultura en nuestro país ha ido adquiriendo mayor participación en el 

suministro de este recurso (CONAPESCA, 2002; Caro Ros, 2003). El camarón blanco 

del Pacífico, Litopenaeus vannamei, es la principal especie cultivada en América 

y la segunda a nivel mundial (Benzie, 2000). No obstante, se considera que para 

mantener e incrementar su producción, es necesario controlar la presencia de 

enfermedades (Bachére et al., 1995b; Le Moullac y Haffner, 2000a). 

La diseminación de infecciones representa el punto de mayor riesgo durante el 

cultivo debido a la falta de un diagnóstico preventivo y de tratamientos eficientes 

(Bachére et al., 2000; Rodríguez y LeMoullac, 2000). Diversas investigaciones 

señalan que la modificación de los parámetros ambientales, como temperatura y 

salinidad, junto con un estado nutricional deficiente, pueden incrementar la 

susceptibilidad de los camarones hacia las infecciones (Lightner, 1999; Lignot et 

al., 2000; Rodríguez et al., 2000). 

La evaluación continua de patógenos específicos en los camarones cultivados, 

principalmente virus y bacterias, indica que los organismos pueden estar 

infectados, pero no necesariamente enfermos (Lightner y Redman, 1998). Este tipo 

de pruebas ha permitido desarrollar cepas de camarones resistentes o libres de 

patógenos específicos, pero la presencia de un nuevo agente infeccioso o un 

cambio es su virulencia suele cambiar de manera significativa la susceptibilidad y 

la supervivencia (Bedier et al., 1998). Por esto, los avances en los programas de 

domesticación en camarones peneidos, señalan que los criterios de selección de 

poblaciones cultivadas deben incluir pruebas moleculares para evaluar la 
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variabilidad genética, y también, indicadores fisiológicos e inmunológicos que 

permitan conocer la capacidad de autorregulación que los camarones 

despliegan ante los diversos ambientes de cultivo, incluyendo el 

aprovechamiento del alimento, las variaciones ambientales o la resistencia a 

patógenos (Vargas-Albores et al., 1998: Arena et al., 2003). 

2. Adaptaciones fisiológicas 

Dentro del marco de la teoría evolucionista, la adaptación ambiental ocurre de 

forma extremadamente lenta en una especie, a través de millares de 

generaciones, y depende de la adquisición de información genética que 

codifique para un nuevo y adaptado fenotipo (Darwin, 1859: Torres, 1995). Por 

otro lado, las adaptaciones fisiológicas se refieren a los ajustes funcionales, los 

cuales favorecen la actividad biológica normal en un ambiente alterado o 

estresado (Newell, 1976). Hay numerosos casos de adaptaciones fisiológicas que 

ocurren dentro del tiempo de vida de un individuo y que normalmente requieren 

de horas o de meses para completarse. Estos procesos son denominados como 

ambientación o aclimatización cuando se trata de un cambio fisiológico, 

bioquímico o anatómico de un organismo expuesto a una nueva condición 

ambiental, la cual es causada por una alteración en su entorno natural. Durante 

la aclimatación se observa el mismo proceso pero los cambios son inducidos, ya 

sea en condiciones de laboratorio o de campo (Prosser, 1950). 

Durante su etapa juvenil los camarones se desarrollan en estuarios, lo cual significa 

que están adaptados para compensar súbitos y frecuentes cambios de salinidad, 

de temperatura y de oxígeno disuelto. Bajo condiciones tan fluctuantes el 

sostenimiento de la toma de 02 permite a los organismos mantener la actividad 

metabólica para compensar otros cambios ambientales. La capacidad 

oxireguladora de algunos decápodos está relacionada con el incremento de la 

tasa de ventilación, elevada presión sanguínea y mayor concentración del 

pigmento respiratorio en la hemolinfa, lo cual permite en su conjunto una mayor 
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transferencia de 02 (Hochachka, 1970). Algunas especies de camarones, como L. 

setiferus y L. schmitti, cambian la capacidad oxireguladora en función de la 

salinidad (Rosas et al., 1995b), lo cual revela el efecto sinérgico de algunos de los 

principales factores fisicoquímicos sobre los mecanismos compensatorios y el 

mantenimiento de la homeostasis (Newell, 1976). 

La capacidad de osmorregulación está directamente relacionada con la 

distribución de los organismos acuáticos, con su ciclo de vida y con su 

comportamiento reproductivo. El punto isosmótico de la mayoría de las especies 

de camarones estudiadas hasta ahora es cercano a 25 UPS, lo cual señala que la 

gran mayoría de las especies de camarones están adaptadas para aprovechar 

los recursos en los estuarios, donde los recursos alimenticios y el ambiente son 

propicios para el crecimiento de estos organismos (Brito et al., 2000). 

El estudio del balance iónico de los camarones peneidos ha recibido gran 

atención pues durante un tiempo se creyó que la salinidad de los estanques de 

cultivo debería coincidir con el punto isosmótico para disminuir el costo 

energético asociado a la regulación iónica y osmótica. Sin embargo, el mejor 

crecimiento en muchas especies se observa a una salinidad distinta a su punto 

isosmótico (Brito et al., 2000), lo cual ha generado una controversia alrededor del 

costo energético de los mecanismos osmorreguladores y su relación con el 

metabolismo. Al parecer, la salinidad óptima para el crecimiento esta más bien 

asociada al metabolismo de proteínas debido a la participación de los 

aminoácidos libres en la regulación y mantenimiento del volumen celular 

(Claybrook, 1983). 

Aunque el cambio inicial en la osmolaridad de la célula es generado por el 

transporte de iones, muchos de los ajustes osmóticos se deben a las variaciones 

en la concentración de los aminoácidos intracelulares (Dall, 1975). En crustáceos, 

la principal contribución es realizada por la glicina, alanina, prolina y glutamato 

(Claybrook, 1983). La enzima relacionada con la regulación del volumen celular 
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es la glutamato deshidrogenasa (GDH), la cual controla la incorporación o 

remoción del amonio desde el "pool" de aminoácidos libres al glutamato (Rosas 

et al., 2002). Bajo condiciones de estrés metabólico como hipoxia (Speed et al., 

2001), inanición (Hagerman, 1983; Dall y Smith, 1986) o presencia de 

contaminantes (Chen y Cheng, 1993a; 1993b) el catabolismo de los aminoácidos 

libres está directamente relacionado con el abastecimiento de energía, y por lo 

tanto, con los mecanismos homeostáticos que permiten mantener la constancia 

relativa del medio interno de los camarones, revelando el carácter central del 

metabolismo de las proteínas en los procesos de adaptación de los organismos. 

3. Sistema inmunitario 

El sistema inmunitario participa en el mantenimiento de la integridad biológica de 

cualquier organismo, ya que permite reconocer y neutralizar a moléculas nocivas 

propias o extrañas, provenientes del ambiente o de los procesos fisiológicos. Se 

considera que la inmunidad de los invertebrados es muy simple ya que carece de 

algunos mecanismos presentes en los vertebrados, como son: inmunoglobulinas y 

memoria inmunológica. No obstante, los invertebrados actuales constituyen uno 

de los grupos más antiguos y diversificados en el reino animal, por lo cual, 

podemos considerar que representan una importante suma de estrategias 

exitosas contra las infecciones (Dunn, 1986; Karp, 1990). 

Los mecanismos de defensa de los invertebrados incluyen ambos componentes; 

barreras físicas pasivas y una respuesta activa contra organismos invasores. En los 

crustáceos las barreras físicas pasivas, están representadas por el rígido 

exoesqueleto y la membrana peritrófica que envuelve el bolo alimenticio para 

proteger el epitelio del sistema digestivo (Dunn, 1990), mientras que la respuesta 

activa implica normalmente un rápido cambio en el número de he mocitos, y la 

síntesis de nuevas proteínas en la hemolinfa (Destoumieux et al., 2000; Johansson 

et al., 2000). En adición, mecanismos hemostáticos reparan las heridas en el 
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integumento para limitar la extensión de posibles infecciones por medio del 

proceso de coagulación (Gillespie y Kanost, 1997). 

Los crustáceos poseen un sistema circulatorio abierto. El corazón distribuye la 

hemolinfa a través de arterias hasta llegar a senos, en donde los diferentes 

sistemas son ba ñados por la hemolinfa (Bayne, 1990). Este sistema permite que las 

proteínas de reconocimiento en la hemolinfa y los he mocitos circulatorios tengan 

una mayor probabilidad de encontrar a los elementos extraños. Por otro lado, la 

presencia de he mocitos fijos en tejidos como las branquias y la glándula digestiva 

de diversos crustáceos significa una elevada capacidad para aislar a los agentes 

infecciosos en los lugares de mayor contacto con el medio (Smith y Ratcliffe, 1980; 

van de Braak et al., 2002). 

Los hemocitos de los decapados son considerados como la primera línea de 

defensa ya que participan directamente en procesos de reconocimiento, 

procesamiento y amplificación de la respuesta inmunitaria (S6derhal, 1982; 

S6derhall y Hall, 1984; Johansson y S6derhall, 1988). Investigaciones recientes 

señalan la vinculación entre los he mocitos y elementos séricos de la respuesta 

inmunitaria, como las peneidinas y crustinas (Vargas-Albores et al., 2004), las 

cuales son peptidos con actividad antimicrobiana (Destoumieux et al., 2000; 

2001). También se ha detectado la asociación de los he mocitos con 

peroxinectinas, que presentan función opsonizante y actividad de peroxidasa 

(Johansson et al., 1995; Johansson, 1999). 

La amplificación de la respuesta inmunitaria de los crustáceos está directamente 

relacionada al sistema profenoloxidasa (proFO) (Hernández-López et al., 1996; 

Gollas-Galván et al., 1997; 1999) y el proceso de coagulación (Montaño-Pérez et 

al., 1999), ambos sistemas son multiméricos y su activación requiere de la 

exocitosis regulada de los hemocitos circulatorios (S6derhall y Hall, 1984; 

Johansson et al., 2000) . 
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El sistema profenoloxidasa es uno de los mecanismos mejor entendido de la 

respuesta inmunitaria de los decápodos y ha sido considerado análogo al sistema 

del complemento en mamíferos por tratarse de una compleja cascada 

enzimática. Los componentes del sistema proFO se encuentran 

comparta mentalizados en el interior de los gránulos de los hemocitos (S6derhal, 

1982; S6derhall y Smith, 1983), y el sistema es liberado directamente por 

estimulación con beta-glucanos (BG) o lipopolisacaridos (LPS) de hongos y 

bacterias (S6derhall y Hall, 1984), o a través de proteínas séricas de 

reconocimiento que se unen a BG (Vargas-Albores et al., 1996; 1997) o a LPS 

(Vargas-Albores et al., 1993b). Una vez liberado el contenido granular en el 

plasma, la proFO es activada por una proteinasa, en fenoloxidasa (FO), la cual es 

responsable de la oxidación de fenoles a quinonas y que finalmente se convierten 

en melanina (Ashida y S6derhall, 1984; Vargas-Albores y Yepiz-Plascencia, 2000). 

El sistema proFO, al activarse, genera algunos factores que estimulan a los 

hemocitos para que eliminen el material extraño por medio de procesos como 

fagocitosis, formación de nódulos y encapsulamiento (S6derhall y Hall, 1984; Sung 

et al., 1998). La amplificación de la respuesta inmunitaria y la comunicación 

celular asociada al sistema proFO es muy poderosa y debe ser controlada. En 

crustáceos, la reacción en cadena está sujeta a la regulación de ciertos 

inhibidores de proteasas, como la cx2-macroglobulina (Hergenhahn et al., 1998; 

Gollas-Galván et al., 2003) y un inhibidor de tripsina de 155 kDa, llamado 

pacifastina (Liang et al., 1997). Recientemente otros inhibidores de proteinasas 

han sido descritos en los hemocitos y pOdrían estar involucrados en la regulación 

de la protéolisis (Jiménez-Vega y Vargas-Albores, 2005). 

Uno de los mecanismos más importantes de la respuesta inmunitaria realizada por 

los hemocitos es la fagocitosis. Durante el proceso se origina el fagolisosoma y se 

liberan sustancias líticas como el peroxido, superóxido y derivados del óxido 

nítrico, los cuales son biológicamente muy reactivos (Muñoz et al., 2000; Campa

Córdova et al., 2002). Este proceso es conocido como estallido respiratorio y 
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juega un papel muy importante en la actividad microbicida de los he mocitos 

(Song y Hsieh, 1994). 

Hasta ahora, la numerosa información generada sobre el sistema inmunitario de 

crustáceos incluye la caracterización de importantes moléculas, y también, la 

descripción de algunos mecanismos. No obstante, se conoce muy poco de los 

cambios del sistema inmunitario asociados a importantes procesos biológicos, 

como el crecimiento, la reproducción o la condición nutricional. También hace 

falta profundizar en el carácter constitutivo o innato de la respuesta inmunitaria, y 

la posible existencia de una forma peculiar de respuesta inducida. En Penaeus 

japonicus se ha observado un incremento significativo en la tasa de proliferación 

de hemocitos en los camarones retados por segunda vez con el mismo antígeno 

fúngico, a comparación de la respuesta generada por el primer reto (Sequeira et 

al., 1996; Arala-Chaves y Sequeira, 2000). La memoria inmunológica se caracteriza 

por una repuesta que se distingue en forma y función de una primera respuesta 

realizado con el mismo antígeno (KaatarL 1994), de tal manera que los resultados 

observados en P. japonicus señalan la posible existencia de una respuesta 

inmunitaria adaptativa en camarones, lo cual podría constituir la base de 

estrategias de inmuno-protección para enfermedades infecciosas comunes en los 

sistemas de cultivo. 

4. Indicadores de la condición fisiológica 

Los límites de tolerancia de una especie, ante una condición ambiental particular, 

no son fijos ya que están sujetos a la historia de vida de los individuos, revelando 

así, la profunda asociación entre el grado de compensación homeostático y la 

condición fisiológica de los organismos (Newell, 1976; Torres, 1995). En este sentido, 

los marcadores de la condición fisiológica son importantes para profundizar en el 

entendimiento de los mecanismos compensatorios ante cambios ambientales, 

deficiencias nutricionales y presencia de patógenos. 
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Por sus implicaciones en la tolerancia ambiental, los ajustes producidos para el 

mantenimiento de la presión osmótica han sido utilizados como indicadores del 

estado fisiológico de los camarones (Lignot et al., 2000), mientras que los niveles 

de glucosa, colesterol, acilgliceroles, proteínas, hemocianina y lactato han sido 

utilizados para conocer el estado nutricional (Racotta y Palacios, 1998; Rosas et 

aL, 2001 a; 2002). Por su parte la respuesta inmunitaria ha sido evaluado a través 

de diversas formas entre las cuales destacan las variaciones en la concentración 

de hemocitos, la actividad fenoloxidasa, la actividad de las proteínas de 

regulación (macroglobulinas y pacifastina) y la actividad fagocítica evaluada 

directamente o a partir del estallido respiratorio, entre otras (Le Moullac et aL, 

1998b; López et 01.,2003). 

La medición de hemocianina ha sido propuesta como un indicador para evaluar 

el estado de salud y la condición nutricional de los crustáceos (Spicer y Baden, 

2000). La hemocianina, además de ser el pigmento respiratorio, funciona como 

una proteínas de reserva en la hemolinfa (Hagerman, 1983; Chen y Cheng, 1993b; 

Van Holde et al., 2001), actúa como osmolito (Hagerman y Weber, 1981), 

transportador de ecdisona (Van Holde et aL, 2001), y posiblemente también 

participa en la respuesta inmunitaria, debido a sus componentes fungistáticos 

(Destoumieux et aL, 2001), y por su actividad tipo fenoloxidasa (Adachi et aL, 

2003). 

Estudios recientes demuestran la fusión dual de las Iipoproteínas de crustáceos. 

Las Iipoproteínas son las principales proteínas involucradas en el transporte de 

lípidos (Hall et aL, 1995; Yepiz-Plascencia et aL, 2000b) y también participan en el 

sistema de defensa como proteínas de reconocimiento de beta-gucanos (BGBP) 

(Yepiz-Plascencia et al., 1998) o como proteína de coagulación (CP) (Hall et aL, 

1999; Yepiz-Plascencia et aL, 2002). La multifuncionalidad de las Iipoproteínas y la 

de la hemocianina revelan la intrincada relación que existe entre los procesos 

digestivos y el sistema de defensa de los organismos. 
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Los conocimientos adquiridos en inmunología de vertebrados, señalan a las 

carencias nutricionales como el factor externo más importante de 

inmunodeficiencias. Una reciente investigación indica que el manejo de ciclos 

cerrado y la selección artificial con base en el crecimiento conduce a la pérdida 

de alelos del gen de la cx-amilasa en poblaciones cultivadas de Litopenaeus 

vannamei (Arena, 2004). Debido a la importante participación de la amilasa en la 

degradación inicial de los carbohidratos, la reducción de la frecuencia alélica 

para este gen genera pOdría afectar el estado fisiológico y el sistema inmunitario 

al generar un cambio en la capacidad de los camarones para aprovechar los 

carbohidratos. Realizar las evaluaciones de los componentes de la hemolinfa en 

poblaciones de L. vannamei silvestres y cultivados permitiría señalar por un lado, el 

alcance del uso de los indicadores fisiológicos y a su vez, iniciar el estudio de los 

ajustes metabólicos e inmunológicos que las poblaciones presentan como 

consecuencia del manejo de los ciclos cerrados. 

Tomando en cuenta la importancia económica de L. vannamei y los retos que 

enfrenta la industria camaronícola actualmente, es importante profundizar en el 

conocimiento fisiológico inmunológico de los camarones e identificar cuales 

indicadores metabólicos y de la respuesta inmunitaria son adecuados para 

determinar su estado de salud. En este sentido, es necesario abordar la relación 

entre el aprovechamiento del alimento y la condición inmunológica haciendo 

hincapié en el metabolismo de proteínas, ya que en el caso de los camarones, el 

estado fisiológico y el crecimiento depende en gran medida de las proteínas de 

la dieta (Andrews et al., 1972; Chen, 1998; Rodríguez et al., 2000; Guzmán et al., 

2001; Lemos et al., 2001; Rosas et al., 2001 b). 
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Por todo lo anterior el presente estudio pretende abordar las adaptaciones 

fisiológicas que presentan los juveniles de Litopenaeus vannamei debido al tipo 

de cultivo (experimental, 90 1, Y piloto comercial, 20 t), al proceso de 

domesticación y al estado nutricional, a través de algunos componentes de la 

hemolinfa. 

Hipótesis: 

Puesto que la hemolinfa constituye el vehículo de transferencia de 

metabolitos, energía, transporte de oxígeno y también, la sede principal del 

sistema inmunitario de los camarones, entonces, variaciones en los niveles 

de algunos componentes de la hemolinfa pueden reflejar adaptaciones 

fisiológicas de los juveniles de Litopenaeus vannamei asociadas al proceso 

de domesticación, la condición nutricional y el tipo de cultivo. 

Objetivos particulares: 

a) Estructurar líneas base de los componentes en la hemolinfa: 

oxihemocianina, proteína total, glucosa, acilglicéridos y lactato de los 

juveniles de L. vannamei y, comparar estos resultados con lo reportado 

para L. vannamei y para otros crustáceos. 

b) Determinar el efecto de las condiciones de cultivo experimental y piloto 

comercial (90 I y 20 t) sobre las concentraciones de oxihemocianina, 

proteínas, glucosa, acilglicéridos y lactato de los juveniles de L. vannamei. 
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c) Determinar el efecto del proceso de domesticación y el nivel de los 

carbohidratos dietéticos (3 y 44 %) sobre el crecimiento, los componentes 

de la hemolinfa (hemocianina, proteínas, glucosa, colesterol, lactato, y 

acilglicéridos, hemogramas y actividad de fenoloxidasa) y la capacidad 

osmótica de los juveniles de L. vannamei (silvestres y F7). 

d) Evaluar el efecto del nivel de proteínas dietéticas (5, 15 Y 40 %), sobre el 

balance energético, la respuesta inmunitaria (hemogramas, estallido 

respiratorio, actividad de fenoloxidasa), el equilibrio osmótico, la 

oxihemocianina y la reserva de glucógeno en la glándula digestiva de los 

juveniles cultivados de L. vannamei (F9). 

e) Determinar el efecto de un periodo de inanición de 21 días sobre los 

componentes de la hemolinfa (hemocianina, proteínas, glucosa, 

colesterol, acilglicéridos, lactato, hemogramas, estallido respiratorio, 

actividad de profenoloxidasa), el peso, la capacidad osmótica, y las 

reservas de glucógeno y lípidos de la glándula digestiva en juveniles de L. 

vannamei cultivados (F9) previamente alimentados con una dieta 

deficiente y óptima en proteínas (5 y 40 %). 

f) Proponer un modelo conceptual sobre el aprovechamiento del alimento y 

su relación con el manejo de la energía ingerida, la condición nutricional y 

el sistema inmunitaria de juveniles de L. vannamei silvestres y cultivados. 
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Capítulo 1 

Metabolitos sanguíneos y hemocianina del camarón blanco 

Litopenaeus vannamei: el efecto de las condiciones de 

cultivo y una comparación con otros crustáceos. 
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Ab8trad Oxyhemoc:yanin (01yIk), bl00d prot.ein, glu
cose,. acyIgIyQerOl (AG), and Iactate of Litopenae1lS 
l'annamet juveniles wen: in\'eStigated. Statistical analyses 
were done on basdine values for each metabolite and on 
OxyIk froni $hrimp ~ in outdoor (2o-m2 ponds) 
and indoor (90-1 tanb). The 'Y8.1ues obtained were 
compaJed with blood metabolites reported in the lite~ 
ature for L. WI1'IIIIlIPIei maintained under similar eondi
tions. Normal di$tribution W8$ only found for samples 
from indoor shrimp. The distribution values for blood 
metabolites from $hrimp c::u1tured in outdoor ponds and 
indoor tanb were right or left skcwed. QxyHC; bIood 
protems, and glUC<.llSe le\lels were biper in $hrimp cul
tured in OUidoor ponda than those observed in sbrimp 
maintained in indoor tanb. The.se differenees Mre at
tributed to availability oC li\le food in outdoor culture 
ponda. The OxyHcfprotein ratio sbowed lbat 60% oC 
blood protein is OxyIk in outdoor-cultured shrimp and 
was Iower than in indoor-cu1tured $hrimp, and thi$ ratio 
was Iower tban lbat found (97%) in indoor-cultured 
sbrimp. The type of food was identified as a domi
nant factor affi:cting blood metabolites. AG in outdoo ... 
cultured sbrimp was significantly lower Iban tbat 
observed in indoor-maintained shrimp. Blood lactate 
cooc:entration oC sbrlmp was nOl affected by the culture 
CODditions. The blood Ie~ for protein, gIucose, and 
lactate n:ported hen: an: similar to those reported pro
viously for other crustacean species, indicating that these 
can be used as a rd'ereoce for evaluating the physio
logical status oC L. wmnQmei. Wben we eompared the 
OxyIk, blood protein, gluoose, and Iactate teveIs oC 
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L l'tmlfmlei juwniIes with other c::rustacean spedes, we 
obsened lbat c;rabs, lobsters (Iow-activity Species), and 
dosed-thelycum shrimp spe:á.es (mean-activity species) 
had lower values in c:omparison to those obsened in 
open-thelyeum shrimp species, including L wmnamei 
juveniles. Possibly the blood metabolites and OxyHc 
c:ouldbe Jefteeting the morphological and ph)'SÍological 
adaptation oC c::rustactans, becau.se tbese metabolites will 
depeOO on ellergd.ic demanda. 

The de\lelopment oC sbrimp culture aOO the needs for 
monitoring the ph)'Siological condition oC cu1tured 
sbrimp are constantly inereasing. Some blood metabo
lites and oxyhemocyanin (OxyIk) ha~ becn used fOl 
monitoring physioIogical conditiooa in wiId or cultured 
shrimp spedes lbat aJe exposed 10 different environ
mentalconditions. Recently Racottaand Palacios (1998) 
used. blood gluoose, lactate,. acylglycerol (AG), ehol. 
terol, and prOleins to evaluate the stress produced by 
serotonin injection in LitopenQeII$ wmnamei ju~niles, 
and reported tbat gIucose and lactate were the best in
dicators of stress in shrimp. Chen et al. (19948), testing 
the combined effect oC salinity and ammonia, reported 
lbat blood protein aud QxyHc were significantIy reduced 
in PetU1eus monodon juveniles exposed to Iow salinity 
and higb ammonia-N Ievds. Similar resulta Mre oh
served in Penaeus japonÍCJIS exposed to similar ammonia 
and salinity eonditioDS (Oten et al. 1 994b). Palacios 
(2000) used AG, gIucose, cholesterol, aud protein to 
monitor the ph)'SÍological condition of wild and cultured 
populatiOll$ afier repeated spawning of aOOlt fem.aIes of 
L vQtUJQntei. Sánchez et al. (2001) reported variatiODS in 
protein, Iactate, gIuoose, AG, and cholesterol, as well as 
in hemocytes, propbenol oxidase activity, and osmotic 
pressure oC Litopenoeus set{ferus adult males from wiId 
populations and during acdimation at Tr'c and 300<;. 
In tbat stl,ldy tbey obsened tbat laboratory eonditions 
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produced lower values of proteins, AG, and eho1esterol 
tban tbose observed in freshly captured sbrimp. 

Blood metabolites h.lve .liso been used to monitor 
shrimp nutritional conditions. Recent studies showed 
tbat blood protein and glueose are highIy sensitive to 
dietary protein and carbohydrate (CHO) oontents foc 
L setiferus and L. van1lQlJ1ei juveniles eeposed at high 
(35-4("'00> and low (15%0) salinities (Rosas el al. 20013, 
2001b). In the$e. studies, blood protein was rdated to 
amntooia hemolymph Ievels, indicating that a protein
rich diet could regu1ate the rate of ammonia production 
and in OODSequenee the gill glutamate dehydro~nase 
activity. From tbe data in tbese publieations, it was 
evident tbat L. vannamei and L setiferus can eonvert 
protem to glyoo~n by the gluooneogeoic patbway, 
whieh permitted sbrimp lo maintain a mínimum Ievelof 
cin::u.lating gluoose, independent of dietary CHO. 

However, there has been no attempt until now. to 
eharactaize the variation pattems at tbe sbrimp popu
Iation level. Th.ere is no information availabJe on base
line levets tbat oould be used as a referenc:e ror studying 
experimental eonditions in cultured or wiId populations 
of shrimp. When reporting blood metabolites. moa 
pubJications present data as means (::i:standard devia
tion or standard error). assuming tbat a11 metaboJites are 
normaUy distributed. However, tew studies obtain 
sample size$ tha.t are sufficient1y large for testing normal 
distribUbon of values, and verification of normal dis
tribution isrequired. Recently, Spk:er and Baden (2000) 
ana1yz.éd OxyHc in three c:rustactan s~ and showed 
tbat the OxyHc distribution data changed between s¡» 
cíes and between popuIations. Out y oue of tbe five frt¡o 
quency distrihutions obtained for QxyHc was normally 
distributed when Nephrops norvegicus, Liocorcinus 
depurQto~ and Hyas (ll'QnMUS were studied. Tb.osc re
sultsstress the need fOr CIll1tion in the interpretation of 
results obtained for sbrimp and other erustaQean species 
when bJood metabolites are studied aOO are used as a 
tool formooitoring the phy$ioJogical eondition in wiId 
or cultivated animals. 

The white sbrimp, L . vormamei, is tbe most important 
sbrimp specles cultivated in the Americas. More than 
90% of the shrimp cultivated in 19980n tbe American 
contiuent were L. l'QllnQlHeí (RosembelT'Y 1998). There
fore, a study of tbe distribution levels of metaboJites in a 
population eould be very useful as it will provide refer
enee b.aseline levels for evaluating environmenW con
ditions. The baseline referente Jevels could also be used 
as a diagnostic tool for determining wbether shrimp .are 
under s.tress . . For tbat reason, the WOl'k: described in this 
paper was aimed at obtaining information on ba$eline 
levels of the blood ntetabolites of L. vD1fIIOnJeí, cultivated 
in outdoor ponds (20 mi and indoor experimental tanlcs 
(90 1). The ba$eline levels were determined fOl the blood 
metabolites glucose, proteins, CHO, lactate, and AG,.as 
well as for QxyHc . ResuJts were eompared witb bJood 
metabolite data previously published for L. van1lQmei. 
Comparisons witb other sbrimp and crustacean species 
offered some eeplanations for possible differences 

between crustacean species re1ated to beh.avioral and 
morpbological characteristic:s. 

Auimak 

litopmOltUf lIIJlIItamti ju'YeDiJes. 0.08 and 0.5 g body wei .... t. -
obtaiued from Peas lDdU&tries (Y:acatán, Muioo). ~mp 
(11-2..400) _ m2ÚlltaiDCd ÍIl tlu:ee DIltdoOl ponds (20 m ) wifh 
aerated natuJ'al_water, a daíly water elUlhaajD betwecn 1(J4'/t ud 
20-/ .. aud a deu&íty oC 800 tllIimp poad-l (-40 sluimp m-"" The 
_water of file poods was ÍIloc:ula~ wíth T~"ueJmi$ chui ~gae 
(2001 poDÓl; 800.000 c:dk mrl) befare ÍIltroduciag file shrimp. 
Shrimp were fed with a IlOIDlIIIIrcial food (35". proteta. Api cam
aJÓu. ultra Malta Claytoa. M"xico) twi<:ea day al a núo of20-/. of 
Jive wei .... t. When shrimp rau:hed 2 g wet weight, a group of 
~ shrimp (ISO shrimp poaal) _ trans]lO!lled lo the labora
tmy ud &loral in -40 plastic taDb (0.22 m:Z) at a deuity of 
10 sJarimp tank-l (-45 sluimpm-:Z; fonoaly alllcd f4iadoor taub"). 
Tanb 111'_ snpplicd wit1a aeratcd aud filta:ed (20 pm) natural 
_water ÍIl a ftOw..throqh syatmD. In the other three outdoor 
pouds uzcl (f~ caIled "ou..wor pouds"). shrlmp 
(11-800 shrimp poud-1) were mailltaiDCd fOl 110 daJS betwea 
lu1y aud October 2000 al te~UftS raugiag from n-C lo 29"C. 
diuoIval oxygen >5 mg r 1

, pH >8.0. aad a saliDity bdweeu ~ 
ud 36x,.. la indoor taults, sluimp were maintaiaed for 40 daJS 
l1&ÍI1I filtmd _water ~ pm) al a tempembue of 28:1: 1"C,. diI
soMd oxygen > 5 mg r 1, pH > &.0. ud a saJiaity betwea ~ 
ami 3~ The JDaÍn dífill1!llCO ~ tite n.o adtuesysteJm_ 
ÍIl tite food. ID ou..wor ponds, shrimp 1uJd aa:ess to naturallíve 
food in addítíou lo J5% profeÍD. peReta (Apí camarón ultra Malla 
Clayton) gi\1leJl al a rate of'5% bod.y weiglat day-l . ln indoor taub, 
sJarimp liad aazu ouJy to the food pileta at a rate oC 15% bod.y 
wei .... t day-l (TabIe 1). Shlimp "ere tal twice a day (0800 ud 
2000 00111'&) in both culture systems. In .íns.ide lanb uneatm food 
partides lUId reces _re remowd twke a day. At t. end ofl.he 
aperimental time aJJ lIJe shrimp (¡gm iosíde tanb (7:1:0.5 g) ud 
300 abrimp (100 pc:md:-l) from DIlt!lÍde pond& WUI samplal 
(10:1: 1 g). At tite time of sampliq a deuity of 41 aud 36 shrimp 
m-:Z _ obtaiucd in ÍIlJide tanb aud olJlside ponds, ¡apecti~Jy. 
ID consequence suniftl of >!JO% was obWDCd in both cultue 
systems. 

SampiD@ aud analysis of hemolymph 

T_Ive hour& befom samplíag, shrimp _ not red, ro awid tlJe 
interfenuceoffoodnutrieD.ta ÍIl the· bIood metabolitm (R.osas el al. 
11IOlb). Befom IIIIJDpIius, sJuimp _ plaa:d ÍIl dúBal (18"C) ud 
aemted __ ter for S mm. ro reduce metabok activity aud de
aease tite dl'ed of IDIl.DipuJatiOU prior lo hemolymph extrac:tioD. 
Prevíous studies demoustrated fhat the iltreIl& c:aued by sampiag 
caD be siguilk:aDtly J1ldua:d ÍIl tIü& malUlCl' (Rosas el al. 2000a; 
11IOlb; 2002). Ouly shrimp in the inteJmoJt &1..., (&ta. C) were 
used. Hemolymph extra<:tíon& (approximatClly ~300 pi 
sJuimp-l) were indívíduaDy samplcd througll a chilJed syringe 
na:dJe illllCl'ted al lhe base oC thc fifth pcreíopod. after the shrimp 
had beeu dried with a papel' towd. 10 avoid dOttiD& blood sam
pies were taba withoul mr. l:JecauscI air aca!lemtes tite eoagulatioo 
~. The bIQod.lIIIJDp1e fmm ach shrimp was canf'ulJy placcd 
QD chilJI!d (4"C) pa.rafilm placed Qftr ial. From that drop, subs
ampJcs _ . tBeD. The _¡bts (;j:O.OS g) of iudivídual shrimp 
_ meas1JJ1ld. aud tite moltiug &talO oC eadl was obserwd usíng 
tite uropod charaáeristics descóbed by Drach aad Tdlemigovtz.eft' 
(1967). 

For OxyHc IDII8S1lIeIDllUts, 10 pi o( hemolympb was imm.edi
ateJy dílufed w.ith 990 pi of distílJed water in a 10 mm alvelte for 
UV-_vel.mgth spedrcscopy (1 .0 mi; 1 cm path length), ud tbe 



'hWe 1 Pe1Ieü7.ed foad uled lo feed LitopeMtus vQlfllameJ juveniles 
in índoor 1lmb 

K.riD pasto 
Yc:ast 
Pre-c:ooked com staft:h 
Native w_t starch 
CcDuIQse 
Robímíx-b (vitaminsf 
Soybean IeQthin 
Cod.oiJ 
Na2.HP04 
KH:¡P04 

CacOa 
MgClz 
Carboh,mate 
Protein 
Lipíds 
Tot~eaergy 

Amount 

absorballQt was meallUlJ"ed. at )3$ mn. Usmg an. extiuc:tion ooe~ 
áent of E-17.26 c:aIaJ1ated oa the basá of a tundionaJ subunit of 
74.000 Da for shrimp, tho OxyHc CODCeDtratioa was detemúned 
(OIen and OIenS 199311. t99:Jb). 

Plasma lAS obtaíned from the. renWning hemoJymph, whieh 
lRS diJuted jmmediatdy with pnldúDed (8"C) anticoagulant (t:2 
hemolymph:anticoaguJallt). Shrimp sal aohation lRS prepared ao
COIding lo Varpll-AIbon:s d ~. (1993):.SO mM NaCL.IOmM 
KCL. 10 mM HEPES.pH 7.3. aso mOsn kg-I. TheanticoaguJant 
aohation ror hanoJymph atractíoa lRS prepared by addíng t O mM 
of EDTA-Na2. lo the shrimp salt aolutioa .• HemQlymph plus anÓ
a;taguJant lRS c:entlifuged at 800 g fm 3 mia. and tite supematanl 
lRS separaled for plasma detenoinatiollS. 

Commonial kits were BSOd for gl.ncQse (GOD-PAD. Merek 
cato 7-40(93),lactate (Sigma cato 73S), and AG (OPO-PAP. Merck; 
cato 1"354) delBminatiOllS. These ddemúnatioBS were made BSing 
20 JII oC plasma and 200 JII of eD2pIe cluomogea reageat in mi
aoplates. AbsorbaJK:e lRS rea;tnled on a mícrop1ate reader (DIO
RAD model SSO), and cxmcentratioBS were cálw.lated fmm a 
standard solutioa of substrate. Plasma was further diluled 1 :SOOCor 
protein detenoination by the Bmdford (1976) techniqlJe adapted to 
a IIÚc1'opJate methocl using commercial cluomogeo reageot (Sígma 
cato 610) and bovine 5erum albumin as a stand.ard. 

Statistical analysis 

Descúptive statistical analysis lnIS ~ lo charaderir.o metabolite 
data in both shrimp groups. Normal dátribution oC values of blood 
samples for each group (omdoor and indoor) of raised shrimp lAS 

tesled BSing a Chi-squaretl test (P< O.OS). WheD data tit a normal 
distn'bution, results wem ex¡m:ssed as a mc:a1lS (=$, standard de
viation). Wheo data did nol tit a normal distn'butjon, results were 
expressed as a median ( :i:qnartiJe) range. When data had a normal 
dátn'bution, the outdOOl'-indoor blood. metaboJite comparison. was 
done nsing a Student's Mest. Wheo data did nol have a normal 
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dátributioa.lhe outdoor-indoor bJoad metabol.ite comparison lRS 
done nsing a WiJeoxon paired-sample test (P<O.OS) (Zar (974). 
When no difterellO!S were deteded between groups. data were, 
pooled and a now statisúca) parameter was c::a1culated. tesled Col' 
nonoaJity. and a mean distn"bution curve lRS caJcnlated. Baselíae 
Iewh were thus obtained wíth unpooJed Ol' pooled data, and 
compared witb literature data lISing the q'Ra11ile range or &tandard 
deviation as an intenal oC confideoce of median m mean for eada 
blood variable (Zar 1974). The basdiae wlues fm each metabolite 
were compared with data reported far L. 'I'tJlIltamd by Racotta and 
Palados (1993), Racotta and Hemández.Hemn (2000), Rodri
gDOz ot al. (2000). and Rosas el al (2000b, 2001a, 2001 b. 2(02). 

Baseline values of metabolites 

TIte OxyHc values of outdoor- and indoor-raised 
Litopenaeus lIannameí were statisticany different, with 
high values in the $hrimp taised outdoors 
(J.98 ;1;0.48 mmol1-1) and Jow values in indoor-taised 
$hrimp (l.S9±O.S5 mmoll-1) (P<O.OS). The ftequency 
distribution of OxyHc values in outdoor- and indoor
raised shrimp did not show a normal distribution 
(Table 2). 

For proteins, statistical ditJe.rences were obsened 
between outdoor- and indoor-taised groups, with a non
normal distribution and hiper blood protein concen
tration in outdoor sbtimp (m.edian ±quartiles of 
224.2 ± 64.19 mgml-1

). Norma1lydistributed values were 
found for indoor shrimp (mean±$ of 102.8;1;J7.4mg 
mrJ¡Tabte 2). TheOxyHe/proteinrati()Sea1~1atcxl with 
mean or median data were 0.6 for outdoOl shrimp and 
0.97 rOl indoor $hrimp, indieating that in L. WDJIIQme; 

6O%and 97% of the proteins in blood were OxyHe ror 
outdoor and indoor shtimp, rapectively. 

Blood glucose and AG values from outdoor- and 
indoor-raised sbrimp did not show a normal distribu
tion, and stansti.aU differenees were found betweeD these 
.srou~ (P<O.OS¡ Table 2). Btood glucose levels in out
door shrimp were 26% hiper (0.38±O.21 mg mI-J

) 

iban those of indoor shrimp (0.28;1;0.17 mg mI-l
) 

(P<O.OS). In contrut, AG 1evel$ for indoor shrimp 
(1.34±0.70 mg mI-J

) were 23% hiper than those 
of outdoor sbtimp (1.03;1;0.63 mg ml-1

) (P<O.OS; 
Table 2). 

Blood Iactate levels in outdoor- and indoor-raised 
shrimp were not distributed normaUy, and differ
en~ were not found between srou~ (P>O.OS; 
Tabte 2).ThereÍQre, data from both .srou~ were pooled, 
and blood Iactate 1evel$ showed a median value of 
0.11 ± 0.11 mg mi-l. 

Comparisons between reports for L. vonnamei 

OxyHc lewls were compared with two other data seta 
obtained for indoor-ralsed shrimp, reported by Racotta 
and Hernández-Herrera (2(00) and Rosas et al. (2002). 
Aecording to the data in Table 2, a ruge between 1.26 
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Talie 2 Litopeno.ms v(III1JI1IMi. DescriptiYe statistics aud normality test for hemocyaJÚu (H~, blood metaboJi., aDd di~e gIand 
glycogcD (triacylglya:rol. T AQ') of ju\lelÚles (A outsíde poads; B inside a:paimeDtal tmb). tatistic¡d diIf_ at P< O. 

N Meau ConfideDt Iimits, SO Mean 01; 1 SD MediaD Quartile Quartile t atfor 
95% ¡IIDF 

+ + 

[He), _al r 1 

A 70 (.93 2.01 1.8S 0.33 2.26 
B 83 l.52 1.60 1.44 0.39 1.91 
A¡tB 
Protáns. mg ml-I 

A 60 217.5 'm.7 20S.4 47.0IJ 264.6 
B 211 102.8 105.1 99.4 17.4 127.6 
A¡tB 
Gluc:cse, mg mrl 

A 213 0.42 0.43 0.39 0.16 0.58 
B 167 0.31 0.l3 0.29 0.15 0.46 
A_B 
Lactate'1 ml-

1 

A 5 0.14 O.IS 0.13 0.12 0.26 
B 319 0.15 0.16 O.IS O.U 0.26 
A- B 532 O. IS 
TAG, mgmr1 

0.16 o.t4 0.12 0.27 

A 60 1.12 1.20 1.00 0.43 1.50 
B 307 1.45 1.54 1.37 0.74 2.9 
A"B 

and 1.81 DUi1011-J lXIuld be cooaid«ed a bascline levd, 
with a median value of 1.59 mmoll- J

• 'Ibis value was 
bigber tban tbat observed as a baseline levd by Racotta 
and Hemández-Herrera (2000) (1.3S±0.04 romol I-J) 

and similar to ibat obtained by Rosas et aJo (2002¡ 
1.S1 ±0.08 mmoll- 1

) (Fig. 1). Wben shrimp wt'J'e aire&
sed by bigb ambient ammonia-N IXIncentration 
(2.14 mmol 1-1

) or fed with higb dietary 010 levels 
(61%) lower OxyHc levds were obaerved (1.l2±O.ll 
and 1.O2±0.02 mmoll-1, respectively) (Fig. 1). 

Protein blood levds were compared with data oh
tained from tbe literature (Fig. 2). For outdoor sbrimp a 
median (±quartile) range value was used as the baseline 
interval; for indQQr sbrimp a mean ( ± $) value W8$ u~. 
The outdoor baseline protein level (224.2 mg mt-1) was 
bigber iban other bIood protein C()tloentra1i.ons (Fig. 2l' 
Tbe baseline values for indoor sbrimp (102.8 mg mI- ) 
in !he present study we~ similar to those for indoor 
abrimp ~ported by Racotta and Palacios (1998; 100 mg 
mI-1

) and Rodrlguez et al. (2000; 127 mg mt-1). FuI'
thennore, the baseline values in the present study were in 
agrtOJlent with those obtained in stres.ted shrimp 
(130 mg mI-1i Ramita and Palacios 1998) and for 
sbrimp red pelletúed food with 22% (90 mg mI-l

) and 
50010 protein (100 mg mt-1

) (Rodríguez et aJo 2000). 
Under nutritional stress (sbrimp fed with oilly fR)ZI:!n 
sbrimp and $Quid), indoor-raised shrjmp sbowed a lower 
blood protein valuc (52.5 mg mi-Ji Rodríguez et al. 
2(00), than the protein baseline values observed in the 
present atudy (Fig. 2). 

The glll/XlSe level in outdoor sbrimp (0.38 mg mI-; 
was bigher iban ibat of indoor sbrimp (0.28 mg mI-l) 

(P<O.OS¡ Table 2), and was similar to levels reported in 
sbrimp red between 1% and 36% dietary CHO (Rosas 

r¡mp JI011WIlity,P 

Upper LOl\'a." 

1.60 1.98 0.48 2.17 1.69 0.02 
1.13 13) o. SS 1.81 1.26 0.001 

170.4 224.2 64.19 250.9 186.8 0.01 
8S.4 98.9 19.2 118.1 79.7 0.20 

0.26 0.38 0.21 0.50 0.29 0.0001 
0.16 0.28 0.17 OJ9 0.22 0.001 

0.02 0.D9 0.10 0.15 0.06 0.0001 
0.0- 0.1.2 0.10 0.19 0.18 0.0001 
0.03 0.11 0.11 0.18 0.07 0.0001 

0.69 1.03 0.63 1.39 6.76 0.0001 
0.71 134 0.'70 1.72 1.02 0.001 

el: al. 200 la, 200 1 b}.1t was bigber iban tbe bascline valut.a 
obtained by Racotta and Palacios (1998; 0.1 S mg mil), 
althougb they determined a higber ~UCO$C hemolymph 
level in atressed sbrimp (0.58 mg ml- ) (Fig. 3). 

AO vaJues ror both outdoor- and indoo .... taised 
shrimp (1.03 and 1.34 mg mI-I , respectively) were higber 
than those rOl" stressed sbrimp obtained by R.acotta and 
Pa.lacios (1998; 0.4 mg ml-1), and of salinHhodc-stre&
sed sbrimp reported by Rosas et al. (2000a; O.SO mg 
ml-J) (Fig. 4). 

Lactate ba.seline leYels (0.11 mg ml-I
) were higber 

iban tho$e ~orted by RalXltta and Palacios (1998; 
O.OIS mg mI-) and lower iban those obtained for 

11; t 
I 1 

o.s 

t • 
+ 

O +----+----+---~----~--~--~ 

.................... 
JII .. 1 L;'DptltllJtUf 'Jtl1lltQMfÍ. Blood oxyhemocyaDia oou(UtratioD 
(Ox.yHc. mmo) )-1) of ju\le1Ú1es maiutaiJllld ia outdoor ponds 
(banline A: malillld;quartile raqe) and in iDdoor tanb (basf:'
line 11. meanol;s). Resulls are (X)JIlpared ",ith data 1i:om Raootta 
and HernáDdcz,.H~ra (2000) (btWlíllC! D and high 4I'II'I01ÚII: 
mean 01; SE) and with data from Rosas et al. QD02) (ba.nne E and 
ltigh diew'Y CHO: mean 01; SE) 
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Ji1&. 2 LltDptl1JQlII, 'QIII'/-.I. Blood pr'OIein OOIllJentratm (mg mr 1) 
or jn_DiIa mailltaiaed in outdOOl' poadr. (b_611C!..4: mecti
u:qurtile 1'IIJlF) aud in iadoor f.aIIb (bax611C! R meaD:,). 
RauJIs are compand with data flOm Racotta aud Palacios (1998) 
(b __ e e lUId ,rnUfll C: JDe8Jl=SB) aud wíth data from 
RodriguezetaL (2OOO)(ba.w1i1lC! D, 2m prolein D • .so" prottúr D, 
aud~lltfood D: meaD::f:SB) 

0,8 
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t 1°·8 0.6 
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I~ 0,3 t + 

0,2 
+ • + 0.1 

o 

le j-Iu 1" ~w ~~ ~i !w 
.......... condIIIoM 

Ji1&. 3 LItoptl1JQttIS .,_tM'Mi. Blood gl\lalSe com:entratious 
(mg mJ-l) or ju~Dile5 maintaio.ed in outdoor pouds (btue/lwe ..4: 
mediadquartile ra.) lUId in iudoor taub (lwtJ_ B: med). 
u:qurtilel'llJlp). RauJlsarccompand wíth data fmm Racotta 
ud PabIcíos (1998) (btue611C! e aud IrnSllflll C: meaJl:SE) with 
data &omRosas el aJo (2001a) (1" eRO E lUId 32" CHO F: 
meaJl=SE) aud wíth dala flOm Rosas el al (2001b) (6'"n eHO F 
ud 36% CHO E:. meaD=SE) 

st:resaed shJ!mp and rqx>rted in the same publication 
(0.3 mg ml-1

). The lactate values reported by Rosas et al. 
(2000a) from saline-sllock-stressed shrimp (0.2 mg mt-J

) 

were clase to the upper limits of the quartile interval of 
thelactate bueline presented in the prescnt study 
(Fig. S). 

... 1 •• 

Results sbow that not all blood metabolites and mole
eules stud:ied in LitopetuIl!Us yannamei ju~niles have a 
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1!!IrpMIIMnIIII ........ 

H .. 4 Utopm_ ., __ i. B100d ac:yI~ (..4<1, 1118 ml-1) of 
juvmi1esmaintaio.ed ÍIl outdoorponds(baselillC!..4: median:l:quar
tile rauge) ud in io.door lana (btueline B: maliu:l:qurtile 
raJlBB). ResuIts are compared with data fmm Racotta aud PabIcíos 
(1998) (b_6ne e aud """ e: mean:SE) aud with data fmm 
Roas et aL(200Ob) (llIiille dJallt. E: JDe8Jl:SE) 

0,45 
0.4 

_ 0.35 1 0.3 

J~ 
0.1 

t 
• 

0,05 
O+-~~--+-~~--+-~t~ 

j~ jo )0 i!~ 
exp.r-.......... concIlIon 

H .. 5 UtDpI!/JatmII WJIfItIlIfttli. BIood ]actate (mg ml- 1
) of ju\'euiles 

maintaio.ed in Olltdoor pouds ud iudoor taub (ba.lint P: 
mediall=quartile ra.). ReluUs are compand with data fmm 
RaClOtta aud Palados (l998)(b_/lne e ud sl1't!$$C!d e: man =SE) 
aud with data from llosas el al (2OOOb) ($lIIlIIC! dJalltrJge E: 
mean:l:SE) 

normal disttibution. Ooly blood protein values fr()Dl in
door sbrimp were normaUy distributed. Proteins (ont
door shrimp), OxyHc. g1uoose, AG, and lactate Ievels of 
both culture eonditions were right or 1eft skewed. 

The differeno= between outdoor- and indooNaised 
shrimp in OxyH~ protein, and glucose concentrarlons 
refteets different nutritional eonditions in outdoor ponds, 
whe.e shrimp were offered bothlive and pelletUed food, 
and the Iaboratory-rWsed shrimp that were fed ooly 
pelletbed food. Outdoor-maintained shrimp showed 
relativity high metabolite values in eomparison to those 
sbrimp maintained in filtered seawater under Iaboratory 
conditions. In farms, many productrS reeognize the 
benefits of promoting prima.ry and secx>ndary production 
as a source of supplemental food for shrimp, and these 
benefits ha~ been quantified experimentally. Anderson 
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et al. (1981) reported that between 53% and n% ofthe 
growth of L. wmnamei, raised in earthen ponds, was 
caused by the assimilation of natural pond biota. In 
another study, it was demonstrated tbat L. vonnamei 
exhibited significantly greater growth rates in eutropbic 
pond water compared to shrimp grown in clear water 
(l.eber and Pruder 1988). Ao:otding to Otosbi et aJ. 
(2ool), sbrimp growth can be improved when shrimp are 
cultivated witb pond water containing bacteria, micro-
algae, and microbial--detrital aggregates that afford 
protein and vitamins. In addition to direct nutritionaJ 
benefits, live food enhances digestive enzyme activity, 
inereasingthe aasimilation offood (Gumtán et al. 2(01), 
wbicb is also reftected in the blooo metabolites. 

The present resulta indicate that nutritionaJ infOI'
mation derived from dean-water experimenta is limited 
in applicability, because tbese conditions differ signifi
cantlY from p004 environments where the effe<:ts of 
pond water, filIed witb living food and Olganie material, 
on sbrimp physiology are profound, as was rdIected in 
differences between some blood metabolites between 
inside- aud outside-ra.ised sbrimp. HOVlever, not all 
bloOO metabolik$ were positivdy a.ffe<:ted in pond
reared sbrimp. moOO AG le...els were hiper in in(iOOI'
rai$ed sbrimp, indicating the effect of pelletize(i food on 
lipid metabolism. Lipi4 requirements are relatively low 
in juvenile shrimp (around 11 % of total nutrienta in tbe 
fOo<1), but lipKls are more important 4uring viteUosen
esis (Mourente et al. 1994). The differenoes observed in 
the present atudy could be related to tbe quantity offoOO 
that is gi...en to the sbrimp in outdoor pon<ls (5% of 
body weight) in comparison to that ,given uDder indoor 
conditions (15% ofbody weight). The$e resulta indicate 
that live food in an outdoor pond does not ofI'er tbe 
same quantity of lipi4s tbat can be offered with paJlet
ized food under laboratory conditions. In consequenc:e 
b100d protein, OxyHc, and glucose le-yels in outdool'
raised shrimp eould be used as a referenc:e for detel'
miniog the nutritional status of sbrimp and the role of 
Uve foOO in nutrition during shrimp culture. A reduction 
in b100d protein levds co1Jld indicate a reduc:ed con
sumption of li...e food and, consequently, a bighcr de
pendenc:e on ptllethed foOO for shrimp. On tbe other 
band, blood AG could be used as a reference for tbe 
quaJity of the pelleti2ed foOO used in the laboratory or 
outside pond, bec:ause AG levds are affeeted directly by 
the quality and quantity of lipids in foOO. If AG bloOO 
le~1s are considered togetlter with blood eholesterol 
lewls, a stronser index of the quaJity of foOO could be 
obtained, because sbrimp cannot syntbesize cholesterol 
and, in consequenc:e, the chotesteroJ. lewls in bloo4 are 
directly assodated witb tbe levels in the ingested food. In 
conclusion, with tbe pre$Cnt resulta two types of base
lines eould be proposed, one retlecting the nutritionaJ 
status of sbrimp (bIood OxyHc, protein, glucose) aOO 
tbe other (blood Mí) refleéting the quality of food of
fered to shrimp, independent of tbe culture system used. 

Another difference between insi4e taña $Id outside 
ponds .is the stress associated with the characteristics of 

eac:h culture system. An outside pond is a more natum1 
system, witb microalgae and living foOO, $Id in wbicb 
the natumllipt is detennined by tur'bidity oftbe water. 
In inside tanks shrimp are in clear water and are subject 
to tite daily manipulations ass«iated with the extraction 
of uneaten foOO partides and feces. In spite of tbis 
maintenance routine, it is interesting to note tbat, al
thougb inside-reared sbrimp were manipulated more, 
their blood OxyHe, protein, and g1ucose leveJs were 
lower than those observed in sbrimp reare(i in outsicle 
poods. These resulta could indicate tbat the manipula
tion of inside tanb was nol important enougb to affect 
the blood componenta of the sbrimp, showing tIlat in 
suc:h tanb sbrimp may be conditioned to the lOutine 
manipulations used in tbis type of elear-water S)'stem. In 
tbis sense we can condude tbat the differenc:es between 
bIood componenta of sbrimp tested in various culture 
systems are more rdated to different nutritiQl1al condi
tions (i.e. tbe food offered) than to the stress associated 
with tbe charactJeristic& of the culture system. 

Baseline values from sbrimp culture(i in out400r 
ponds ol in indoor tanb co1Jld be valuable if they are 
proven to rdIect seoeral trends. Th.e metabotite vaJues 
from OUt study appear to fu1fi11 tbis condition when they 
VIere compa~ with litetature data fOl the, &ame sbrimp 
species. OxyHe, plOtem, glUC()6C, and lactate Ie...els are 
similar tovalues reported in the literature, in(iicatingtbe2r 
usefulness as referenc:e indicators for the physiologica.l 
status of sbrimp. Significantly lower OxyHc and blood 
protein levds wert reported by Rosas et al. (1002) and 
Rodriguez et aJ. (lO00) in nutritionaJIy stressed sbrimp 
(fed with frOlen shrimp and squid). Several researc:h.ers 
ha-ye proved tbat OxyHc is a storage protein fOl L. VQlI

namei, Melicertu~1reratlU'US, andMarsopenoeII.'IJoponicuJ 
juvenib (Cuzon and Ceccakli 1971; Cu7.l)n el al 1980; 
Rosas et al. 20(2). In tbis senseRosas et al. (2002) showed 
that OxyHc syntbe$ized in the mgestive glaOO was hiper 
in sbrimps fed with low dietary CHO (~J. and oeJ.) than 
that observed in animals fed with bigb dietary CHO 
(61 %), evi(1encing thatdiet can moclulatetbeOxyHc le~l 
in sbrimps. Accolding to Rosas et al. (1OO1a, 2001b, 
20(2) bigb dietary CHO cou1(i inbibit protein absorption 
in tbe digestive glaOO. due to the CHO excess storee! as 
glycogen. Altboup we do not know if the low OxyHc 
value observed in extreme dietary CHO levels was a 
consequenc:e of an inhibition ofprotein absorption andl 
or the effect of a low dietary prot.einlevel, certainly tbe 
nutritional status of shrimps maintained at that level of 
metary CHO affeeted OxyHc metabolism, compromising 
tbe oxygen-carrying and oxygen-stOlase eapacity of 
OxyHc. LowerOxyHc wasobserved in sbrimp exposed to 
higb ambient N-ammonia levds, when compare4 witb 
baseline vaJues. The oxidation oí OxyHe to methoxy
hemocyanin by nitrite derived.from ammoniacou14 bean 
explanation for tbc reduction of OxyHc (Racotta and 
Hernández-Herrera 2000). Witb tbis information it is 
evident that OxyHc values coul4 be used as a tool 
fOl monitoriog the nutritional status of sbrimp and/or 
the efi'ects of bigb environmental ammonia Ievels. 



In the study by Rodriguez ei al. (2000) a high cor
rclation betweeD protein levd and the immunological 
state of shrimp was sussested, conduding tbat protein 
le\'tls could be used as a strong indic:ator of sbrimp 
bealth status. Tbat condusion was based on reamt 
studies tbat had demonstrated tbat several bemolymph 
proteins are involved in tbe immunological response, 
ineluding tbe elotting proteins, serine proteinase, pene
aeidins, and the propbenoloxidase $yStem (Hall et al. 
1999; Montaño-Pérez et al. 1999; Destoumieux et al. 
2000; Huang et al. 2(00). In L. WInnamei, proteins are 
the mo$l important sou:n:e of energy (Rosas et al. 2002) 
and molecules for tbe immune system (Rodriguez et al. 
2000). In a previous paper (Rosas et al. 2oo1a), we oh
served, in sbrimp fed higb-quality fisb protein, that the 
blood protein 1eve1 varied aceording to dietary protein 
le\'els, with low values (200 mg mt-I

) in shrimp fed 30% 
protein aDd high concentrations (250 mg mt-I

) in 
sbrimp red 50% protein, indicating a elose eorrelation 
between dietary proteins, blood proteins, and growth 
rate. In anotber $tUdy, similar blood protein vaJ.ues in 
eontrol and stressed sbrimp were reported by Racotta 
and Palacios (1998). Tbese values were similar to those 
found in indoor-shrimp protein levds, indicating that 
tbe stress produced by injection with a saline solution 
did nOl affeet protein metabo1i&m. in L. V"'NllHei, po. 
sibly because of the action of otber eompensatory 
mtebanisms rdatedto gl\lCOSe metabolism. With all this 
info.nnation, we can conduele that b100d protein levds 
are affeeted more by nutritional st:ress than manipula
tion stress, suggesting that shrimp b100d protein levels 
eould ~flect tbe ehanges in shrimp health status, in
eluding modifieations in immunological respoDSe. In a 
recent paper Destownieux et al. (2001) showed antif
unsa1 activity at the e teoninos of L vannQmei hemo
cyanin and suggested that a limited proteolysis of 
OxyHeeould berdevant to theshrimp'simmunesystem 
reaetions afta mierobial infection. If OxyHc represents 
a high proportion ofthe total proteins in the blood (S8-
98%) and it has an antifungal function, OxyHc and 
other immunological proteins dissoll'ed in blood could 
represent a high proportion of tbe total proteins in
volved in responses of the immune systeDlt evidencing 
the importanee of blood proteins in the determination of 
the bealth status of sbrimp. 

Blood glucx>se Jevels are bighly sensitive to dietary 
CHO, and tberefore· it was not surprising that levds in 
outdoor-raised shrimp were different from those of in
door-raised animals. The live food, bacteria, and detri
tus in outdoor ponds eontain different quantities and 
qualities of CHO that affe<:t tite bl.ood glucose levd.s. 
Similar to protein, gluoose bemolymph Ie\'tls eould be 
used to indicate the nutritional status of pond sbrimp, 
identifying the time when live food in tbe pond is de
clining and eonsequentIy tbe dependenee on pelletized 
food is ÍDaeaang. In L. YQnnamei ju\'tniles maintained 
in indoor tanks, Rosas et al. (2oo1a) observed reeently 
tbat blood gluoose levds depended on dietary CHO 
Ievels, with vames ranging between 0.22 and 0.45 mg 
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mt-1 in shrimp fed between 1% and 36% dietary CHO. 
Those values are witbin the blood gluoose quartile range 
obse.rved as the baseline glucose le\'tls of indoor sbrimp 
(0.11-O.S mg ml-1

), indicating tbat tbe actual glucose 
baseline is $lrong enougb to absorb the effeet of a wid.e 
mnge of dietary CHO. Notwitbstanding. the indoor 
sbrimp . baseline (0.28 mg ml-I

) was higber tban the 
baseline levds obse.rved by Racotta and Palacios (1998¡ 
O.IS mg mrl). TIlat diffe~nce eould be related to the 
type of food. In the present study, indoor shrimp were 
red with an experimental diet eontaining high-quaIity 
protein and 010, wbieb presumablyeovered all the 
nutritiooal ¡equirements of shrimp. R.aeotta and Pala
cios (1998) used cx>mmcreial pelleta that certainly were 
made of lower quality ingredients than those used in our 
experimental dieto Because tbe blood gluoose Ievd de
pends on the glueoneogenie pathways and, in eonse
quenee, on proteinmetaboli&Dlt tbe differences obserl'ed 
between these studies could be related to differenoes in 
dietary chara.eteristies that pennit a higb or low glueo
neogenesis. depending on the digestibi1ity of nutrients 
and their assimilation. Blood protein and gluoose are 
better indicators of the nutritioual status of sbrimp, 
because both reftect the regulation of other proc:esses 
tbat exceed those involved on1y in diet catabolism. 
Those resu1ts show that tbe actual glU()()&e baseline Ie\'el 
of indoor shrimp eould be useful to test eollunercial 
foadS, because it is highly sensitive lO diet quaIity and, 
jointly witb blood proteins and OxyHc, eould help to 
evaluate tbe nutritiooal effects on shrinip. 

Wben sbrimp are stressed, blood gluoose inereases to 
he used. as a rapid $OUl'CIC of energy (Claybrook 1983). 
Under such cireumstanees (escape met8.bolism), the 
b100d glucose Ievd eould be elevated abOYe the glucose 
baseline, s\M,':b as demonstrated in a previous stl,ldy 
(Raeotta and Palacios 1998). 

Aeeording to Mourente et al. (1994), AGs are the 
major energy $()UI"('JC and tbe predominant form of en
ergy storase fOl sbrimp. TaJang into aecount tbat AO 
b100d vaIues depend on dietary lipid leve1s, a generaIi2ed 
reference Ie\'el is diftiallt to piopoint, because it will 
depend on eaeh type of food used in a particular situa
tion. For example, the Aa values reported by Raeotta 
and Palacios (1998) were lower than values obtained in 
tbe present study, evidenciog differenees in tbe type of 
foad used in every experiment. 1be dependenc:e ofblood 
AG on dietary lipid le\'els is related to tbe ability of 
sbrimp to $lore and syntbesize lipids. Mourente and 
Rodríguez (1991) ud Tc:shima (J998) sbowed that be
cause ortbe limitation of space in the digestive gland of 
P. kerafurus and P. japonicus, lipids most be processed 
rapidly and deli\'tred into the bemolymph, wbet'e they 
are stored and transported to the different tissues to be 
metaboliz.ed. Under sueb cireumstances, blood AG lev
eJs will be a reftection of dietary lipid eoncentrations, 
indicating when sbrimp are fed with a food of subopti,. 
mum lipid contento The use of lipids as u index of 
peñonnanee in fish as wdl as the eggs and larvae 
of shrimp has demonstrated that AG can provide a 
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refercnce point if every researcher or farmer has his own 
baseline, which win depend on the food quality used in 
eacb place (Angus 1989; Palacios et al. 1999). 

Culture conditions did not affect blood lactate levds. 
Outdoor- and indoor-raised sbrimp had similar values 
for Iactate levds, indicating ibat in both situations 
similar stress CODditions exist (Table 1). But how much 
lac:tate does indicate stress in L. vannamei shrimp? Ra
corta and Palacios (1998) reported values > 30 mg mI-1 

in stressed L. Wlnnamei, in comparison to values of 
0.015 mg mIl obtained in uns~ sbrimp. With the 
present results obtained from btood lactate coneentra
tions of > 500 L. vannamet juveniles, we can ex~ that 
a1I L. Wl1Inamei Iactatevalues 0.18 mg ml- (upper 
quartile range value) aboye the expec:ted nonnal range 
could show the organism to be under stress. 

OxyHe rep:re:sents 60-9SOÁl ofthe total protein in the 
hemolymph of crust.aceans (DjangmalJ 1970). Out re
sults show ibat, in L. vannamei juveniles ibat were tested 
al stage e, i.e. during the premolt eyde, between 60% 
ud 97% ofblood protc::in is OxyHc. Blood OxyHc was 
affected by dietary CHO in L. l'tl1J1Ulmei maintained for 
40 days under indoor conditions (Rosas et al. 7(02). In 
the present study, sbrimp fed S% dietary CHO had a 
greater growth rate and bigher OxyHc Ie\'ds than the 
values obsened in sbrimp fed 32%, 38%, or 61% di
etary CHO. Tbe OxyHc values obtained in shtimp fed 
S% dietary 010 (l.45 mmoll- l) are inside the range of 
quartiles proposed as a OxyHc reference values for 
L. vannamei in the present study. 

To undemtand the relationship between blood me
tabolites and morpholog:ical and activity adaptations, 
we made a comparison between the OxyHc, protein, 
gtucose, AG, and Iactate blood levels of the present 
study and the data published previously for different 
crustacean species. We considered ooly data obtained 

from wild populations or for ('.I'l.lSta<;<:ans maintained 
under optimum environmental conditions (Figs. 6, 7, 8, 
9. 10). Lobster and aab (low activity and beavy carcass) 
had OxyHc values lower (betwcen 0.2 and 0.6 rnmoJ 1-1 ¡ 
Senkbeiland Wriston 1981¡Hagerman 1983; Spicerand 
Baden 2(00) than those obsened in dosed-thelycum 
sbrimp species (burrowing and nocturnal sbrimp¡ Oxy
He values between 0.7 and 1.1 mmol1-1¡ Hagerman and 
Weber 1981) (Chen and Cheng 19938, 1993b, 1995), or 
those in more ac:.til'e sbrimp species (L. van1Jl1tnei; diur
nal sbrimp; OxyHe values between 1.6 and 2 mmoll-I

; 

present paper). From these results, we can assume tbat 
the OxyHe 1evels may be re1ated 10 c:rustacean activity 
thal is a consequenc::e of morphological and physiologi
c:a1 adaptations. 1t has previoU$ly been observed (Sán
dlez et al. 1991) ibat the asb content of different 
crustacean exoskeletons is positivdy re1ated 10 the oxy
gen consumption rate, with lower oxygen c:onsumption 
mtes in heavy exoskeleton-weigh.tcrabs (burrowing 
aabs, Campo 8Ukata and Hepathus epheliltlcu$), inter
mediate va1ues in intermediate exoskeleton-thickness 
species (swimming aabs, CaJlÍllecles sapídus and 
PortunII4 spinictupflS), and high oxygen consumption 

o~~r+~~+;~r+~~~~~~r+~~ 

FI .. 7 MeaD blood protein level (1118 ml-I
) of ctift'ermt ~pod 

austa<Zall spec:íea: ManopelllJtJlsJtlJlanlau 1 (Chea et al. 19941»); 
Ca/UneCkIl sopidJI.J (I,yDch aad Webb 1!11J); M.japOltku:l2 (Cumn 
el al. 1980); FarjOlttep#!ftlll/!Ul dIIorarum (Chea aud Cheug 1991a); 
M. japOItit;us 3 (VazqutzoBouc:anl el al. 1985); Pe,*", _nodOlt 1 
aad 2, MetDpentX1# IffIFgilllJtus (OIen aud Cheng 1991a), lilO~ 
#!ft_ 1ItIlflltII1'lá adults (Ad) aad aduJt maJes (AJI) (Racotta muI 
Pa1¡u;ios 1998); aud L. l'OItIllJN baseline A aad B (preaent papel') 

• 

• P ....... 



0.46 1 
0,4 ] 

0.35 

0,3 j 
M. jIIpanIcut • 

0,25 

0.2 
L lIWgIMIa • • t..c&J:¡ ~ 

C . ..,a.,.L ...... 
0.15 

0,1 

0._ 

O+-~--~~~--------~~~--~~--~-r--r--r~ 

FfI. 8 Mea.n bJood gl1I&XI!IC Je~1 (mg mrl) or dífferent decapad 1.1 
cmst_n specis: Neplroptlll~bJ (Schmitt aud UgIow 19'J7); 
OQllgolI Cl'tllfg'lJIIt (l\IobaIlgwm aud UgJow 1974); C. crQllgoll2 1," 
(Spurpma and HeafDer 198~ CtIIICU boreaJú (Djangmah 1970); 
0rciJ1I'f 1JIIImII,f and CQIfCtI' ;mJrtltUII (Telfonl 1968); Crongl.ft 
YUlg'tIri,f (CtIllbet:le3 ".1dtII. HeptJtlu eplttllliC1l1 and LfbilllD 1.2 
1If4I'gi1tGt14 D=a aud VllnIber, 1965); MDT!I6pe1llln.f joponiCU,f 
(Cuzon el al. 1980); Ufo pe,... ,ftylil'O:mif (Rosas et al 200f)l); 
1.. Ntiftnu juvmiles (.1) (Rosas el al. 2OOtb); 1.. Nfifrru.r adult 
mala (Al#) (SáDd!ezel aJo 2001); aud 1.. Ya __ baeliue A ud D,I 
B (pnaDt JIIIPlr) 

tates in Jight-can::ass species (sbrimp, FarjantepenDefls D,' 
aztecus). • L ___ J 

L ..... FW 

• 

• l .!IIIIIIIIIIII FP 
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It is tempting to assume tbat tite more active spt'cies 11.4 
ba~ a higb OxyHc in lUp(lDae 10 higher oxygen meta- D.2 
bolic demand$. This adaptation, together with their 
hydrodyna.mic shape, would allow shrimp 10 migrate 
loog distances in a short time (WilIiams 1984). In the less 
active species, the lower OxyHe eonc:entration oou1d be a 
rdleetion of lower metaboJie oxygen demands associated 

O+-----r----.----~----_.----._--__, 

with the low aetivity related 10 their burrowingbebavior 
and slow looomotive activity. and assoeiated with low 
energy expenditure. 

.. 10 Mean 1actate Jewh 
(m, mrl ) or ditrereat shrímp 
apecia; Ho_ gl/mllfllnll. 
N*pbrop, IIOnreglcu,. CtIIICU 
pagunu, JI"ia /itltodu. and 
Ordlll'f lJIGrJIIUJ. (Phi. el aJo 
1977); C. "-110'" (JoImsoa and 
U,Jow 19ti); C.1IIQfJI1&f,¡, 
Ocypade ,f(ITtlllIII, and PallJIfllfDlI 
tltgattl (M011'Íl aud TaylDr 
1938); aud LifopellOfUI 
__ i besdiDe (present 
paper) 

0,13 
0,12 

0,11 

0.1 

i o,oa 
a. 0,08 
E 0.07 f 0,08 

~ 0,05 
0,04 

Filo' Mean acyJglycerol (AG, m, mr1
) Iewa or ditrerent shrímp 

species; Utope1llllMl 'Yalftlmá juvenila (.1) (bootIa and Palacios 
1998); 1.. Ya __ femaJa. tiom panda (FP) (Palacios el aJo 1999); 
1.. Ya __ Iiom wíld popuJatiou (FW) (Palacios el al 1999); 
1..l/Ietifmu adnlt mala (AJI) (Sánchez el al 1001); and L. 'FtIIf1lQflle; 
baseliae A and B (preseat paper) 
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When we c:ompared the bl00d protein, gtuc:ose, and 
lactate leve1s of L. vonnamei ju~niles with other emsta
cean species, ~ observed tbat crabs, lobsters, and closed
theJyc:um sbrimp species had lower values than those 
observed in open-tbelycum sbrimp speáes, induding 
L. l'Onnamei jU\leniles (Figs.. 7, 8, 10). 1t was demon
strated tbat L. vonnamei are weU adapted to live without 
dietary 010 (Rosas et al 2001 a, 2(02), and base their 
metabolism almost entirely on proteins. Tbis resu.1t was 
related to the adaptation of shrimp to respond to protein 
and carbohydrate variations in the wild. Donaldson 
(1976) demODStrated that proteins arethe most abundant 
molec:ules in benthic ecosystems, ranging helween 46% 
and 72% in comparison to 1-2.5% CHO measured in tbe 
same are8.; tbis suggests that sbrimp are adapted to syo
thesize CHO from dietary proteins by adjuating their 
digesti~ and metabolic processes. According to Vmagre 
and Da Silva (1992), muscle lactate might be an impo~ 
tant SOU1'Cle of carbon chains for gtuconeogenesis or for 
producing metabo1ie ener,gy undc:r specific catabolic 
conditions when the catabolism of the free amino acid 
pool is not favored, $uch as in high-salinity-acc1imated 
sbrimp (Vinagre and Da Silva 1992; RoS8$ et al 2001b). 
Rosas et al. (200 lb, 2002)observed that OxyHc concen
tration iscLosely related to pr«ein and CHO metabo1ism, 
because, in shrimp, OxyHccan be used to store proteins.. 

Altbough AG baseline levels have limited applica
tion, because they depend on the diet used to feed 
shrimp, we have now provided sufiicient AG values, 
from both outside ponds and inside tanb, to be used for 
reference purposes. Tbe present results indicate tbat all 
other ba.seline values c:ould be used for practical appli
cations. Howewr, tbis would entail determining tbe 
blood metabolite levels in sbrimp at tbe varlous culture 
facilities and in wild populations, to evaluate the range 
of varlability _ A wider speotrum of m>pical c:rustaeean 
speáes sbould be studied to define whether the diffe~ 
ences observed between spec:ies are related lO environ
mental characteristics (tempera~ity-dissol\'Cd 
oxygen, 01' combinations thereof) or whetber they are 
related to morphological and ph}'Siologica1 adaptations, 
independent of environmental conditions. 
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Capítulo 2 

Efecto de un programa de selección por tamaño sobre los 

metabolitos de la hemolinfa y la respuesta inmunitaria de los 

juveniles de Litopenaeus vannamei alimentados con 

diferentes niveles de carbohidratos. 
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BkIod metab:tlitesiD wiId an.d sevendl-gener:atioll cultivated $Iuimp wem measu:red 10 
dele""ioe how ~ te1ectio1l could alter 1he Ilutritionat ud fmnamo1ogical CXIDditiaDS tS 
lllo~ "Vt1JJIIfPIJa. Wild 1... wmnama juVODiles ud a sa.mpJo of $evealh-gonera1ioa 
culturcd. $luimp wen acclimated unde.r id_cal coadilions. DuriDg 55 da" shrimp wem ftId 
a high (lICBO: 44%) or a loW' (ICHO: 3%) cabohydnlle diet i,)r 55 day$. Wild shIimp 
showed a düect Jela1iOIl between dietaty CHO ud 1acta1e. plOteio. an.d hemocyIe Jovek 
iadbtiftg lbat diewy CB) W8$ used 1br proteio $yIIlh.e$á via tmD.mm.~OIl palhways. la 
""~~Il. cu1hued shrimp these pt.ra.JnI':teis weie iDveIsely plOpCrio_l 10 dietaty 
QiO ~ indic«tiag the capacity 10 syu .... prolOÜl flOm diet:ary CHO W8$ tepJeSiUd ia 
culturcd. shrimp. Farmed $luimp $how«t a timited capacily 10 ftlSpCID4 10 LCHO dieta 
demOblratiDg high PIOIOÜl depoDdeace in Iheir m.ellbolism and immloe respoate. These 
JeSUlts demoJl.Sllate that dwingsize..based tneclag plO~ other meIlbolic ptoQ!$$ t1um 
CHD catabolism caa be se1ected. The iDtapacity of $hrimp 10 use dietary CHO could limit 
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protein :md.uction oí diets and lim.il the eftOrts oí !he $hrimp iAdll$lly lo be ecdogkaJly and 
envirollí1llmtally profitable. 
e 2004 Published by .~ B.V. 

~. BIood ~ites; L~. VQIInG'Ifta~ ArtiticiaJ _mOtI; lmrm;u1e retpo11$e; ~ 
~ydrat<s levds 

1. IntroduetiOD 

Prolein$ are involved in n:lCOgnizing forcign glucans tbrough the lipopo1~ 
bÍlldÍDg pmtein (LPSBp) and p..gluam binding protein (BGBP) (Vargas--Albores and 
Yepm.PJasoencia, 20(0). A doUing pmtein is inwlved in engu1fiug forcign invading 
OtgBDÍSms and p~'Ve'Dls blood 10ss upon WQunding (Hall et al.. 1999; Montaño..Pérez el 
al., 1999). DeiCnse reaotions insbrimp are often aooomp.ucd by mcJanizatioD, where 
ProPO activating system 1eads 10 tbe syntbe$is oí mclanin (SritunyalvoJcssu. and 
SOderhaU, 20(0) and is regulated by a nmnbcr of p:ote:iDs. Antimiombial peptides are 
pm<htced 8pÍmt Grarn-positive bacteria (De:stoumieux el al., 2000) 8Dd hemooyanin 
(Ho) is a multif.Unotional protein with both DUlñtional and. immUDOlogioal roles (Chen 
and CheD& 1995; Destoumieux el al., 2001; Rosas et al., 2(02) and a precursor of 
ProPO-like enzyme (Adaohi el al., 2(03). Recent studies showed that b100d protein 
and. gluoose 01 L setifems and L vannamei ju~ are high1y sensitive 10 dietary 
pmtein and oarbohydrate (<HO) oonlents (Rosas et al., 2001a,b). BloOO protein was 
relsled 10 ammonia hemo1ymph levd indic;:ati.ng that a proteiD-rioh diet coukl ~gu1ate. 
tbe rate oí ammonia pmduc;tion and, in oonsequence. tbe gill glutamate dehydrogenase 
ac;tivity. Fmm tbese data, it is evident that L lG""ame; and Lsetiferus ean oonvert 
protein to glyoogen by tbe gluconeogemo pathway, whieh alloW$ the shtimp 10 
main.m a mínimum oirculating gluoo~ independently ÜQm dietmy CHO. In tbis 
sense, Rosas el al. (2002) showed tbat protein mctabolism is the modIJJstor of tbe 
general metabolism .in oultured shrimp, smce, tbrough protein mcfabolisrn. sbrimp can 
synthesbJ' their own oarbohydrates (CHO), regulate their osmotie pressure and 
gl)'\1ogen syntbesis, or 5tore protein. as hcmooyanin. Previous results demODSlrated that 
blood gluOO~. triaoyl*ocro1:s. eho1esterol. and 1aetate. together witb, blood proteiD, 
OSIBotie pressum, oxy hemoo}'8DÍn (OxyHo). hemooyte:s and ProPO are good iDdicatolB 
01 nutritional and iJmnuno1ogioal health in wild (Sánehez el al.. 2001. ~lJIIl el al., 
2003&) and eultivated shrimp (Rosas el al., 2(018). 

The white shrimp L va1Jllamei is the UUIjor aquaoulturo speoies in the Ameriean Pacmo 
regiOD. Diseases in tbis speeies have reeei~ considerable attenti.on as baoteria and viruses 
haveafféetedL ValtllOmei farms with 10sses ~ oímillions ofdo11ars.lnresponse, 
sbrimp fanners established 5ele(tive breeding propms for L wmllOmei 10 lCduoe the risks 
for infeotiom assoeiated. with uneontro11edpopulations DIO'Ve'ments (Wyban el al., 1993; 
Bedier el al.., 1998). Aocording1y, as a part 01 a projeot to detennine tbe eff'eet oí artifioial 
sdeetioD on shr.imp pbysiology, we meuured blood metabolites in wild and seventb,.. 
genem.tion oultivBled sbrimp lo determine how the size..based selec;tion can alter the 
nutritioDal and inununologioal conditiom of L valtllOmei. We used dietary CRO as a tool 
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10 de~ whetber other mctabolic ~ponses aside ñom CRO and plOtein mctaboli$m 
(Arena el al •• 20(3) could be dlan¡ed as a coosequ.enoe oí selection, induding part of the 
immunc $>*m (hcmocyfe$, ProPO, and Fú:). 

2.1. Orlgln ol8h"imp 

L. '!.W1J1J(IIJU!; (" =200; 0.8 ± 0.1 g wct weigbl) wero colleeted ñom Huizache and 
0ú1D8D(lrO La80OD. cm the Pac:iño Coasl of Mexico and were tnmsported by plao.c in 
plastie bags with 0001 seawaler (30 L; 20 OC) lo thc Experimental Marine Biology 
Laboratory ofUNAM in Cd. del Carmen, Cam~e, Mexioo. Sbrimp WCS'e accliDated lo 
1aboratory cODditions for 2 weeb before being used in any expetimcnta1 $tudy. Shrimp 
were pIaoed in a cm:uJar extema1 pond (20 uI) with aerated (0%>,5.0 mg/l) mtural 
seawater (32 IN>; 29 ± 2 OC). During acdimation, sbrimp wero fed twice a day with a 
oommercial sbrimp diet with 45% protein (Api Aba CEUll'Ón ultra, Malta Clayton, SA, 
Mexico). Al the same time, a sampJe ol "venth-generalion eu1twed sbrlmp (,,=200; 
0.03 ± 0.03 g live weigbt) ñom a farm Jooated in Sisal, yu(Jl~ Mexioo, was trauported 
10 the labc;n1ory in cool seawater (3.5 L, 24 OC), and acclimated under identica1 
oonditions 10 the wild sbrimp. 

After aceliDation, a sample oC each population was mndom1y ebosen and di$túbuted 
_ 9().1 experimental plaslie tanb. Sbrimp were ~ fbr 5S lo S8 <J.ay. in a flow-thrwgb 
sea water system (salinity 32 L) al a dcDSity oí 10 $hJiu., pe!' tank. Sbrimp were fed three 
timcsaday(OSOO" 1400, and20(0), uneaten íood padÍcles were removed twiee aday (0730 
and 1700) and water qua1i1J variable$ wc:re maintained, i.e., tempemture 28 ± 1°C, 
dissolved oxygen >S.O mgl1, and pH >8.0. In both 1oeations, the photoperiod was set al 12 
b ligbtl12 b dark. Al the c:nd oC the experimc:nt, sbrimp live wet weight was mcasured. 

2.2.Dlets 

L. vannomel juVCDiles were fed founulated diets with two levcls (3% and 44%) oí 
carbohydrafe (CRO). Experimental diets were prepared by tborougbly mixing dry 
~ients with oü and then adding water UDtil a stift' doUSh raulted. lbe dougb was 
passed thrwgh a mincer with a 2-mm die, and the raultiDg $plgbetti-like sbings were air 
dried al 60 oC. After drying, thc $trinp wero broJccn up and sie~ lo appropriate pe11et 
size and &loRd al - 4 ·C Six taob were randomly assigned lo each CH01evd (rabie 1). 

2.3. PIrySÍQ/oglcal, ItUtrllkmal, alld Immuno/oglcol ewtIualions 

After day SS, 3S ñlÍmp per treabnenl were sampled for nutritional (hemolymph, 
1actate, eholestero~ triacylglyeero~ protein, and hemoeyanin, and digestive gtand 
g1yoogen), immllnological (ProPO oxidase activity in degranulated of hcmocytes and 
blood ce1l$), and physiologica1 (osmotic pressure) e'Y81uations. Blood metabolite me.UIe
mcnts weremadc on fasted (12 b) sluimp. Befare sampling, sbrimp were p1aced in pre-
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TabJeI 
Compos:ition oí me experimental &:ts 

Squid mcal 
~ 
Cod liver 011 
Staroh 
Lecithin 
ChoJeslelOl 
VJtamiu
MineraJI 
N~ 

lC.I\PO .. 
cetlube 
FilJer 

P!otein (%) 
CartIohydratea (~) 
Lipids(%) 

HP-Hi¡h protem,. u-Jow proteill. &'lOO ot dieto 

LCHO 

15 
40 
5 
O 
3 
0.6 
1.1 
0.1 
1 
I 
4 

22.4 

44 
O 
1.6 

RQlO 

5 
40 
3 
0.6 
1.1 
0.1 
I 
1 
4 

2.2.4 

14 
40 
&.6 

CodIcient for eneqJ)' concentration: 23/35/15 kJ íor protem. Jipid mil embohydmle. tapeclively (Rola el: ~ 
2OO1b). 

-F~ Ralston Pu.rina. without \\tamin C. Vi1mnin e from S1IIy C. a Roebe. 
11 Ptom RalSlOtl Purina. 

chiUed (18 OC) 8Ild aClBted sarwater fOl' S min to !educo thc effect of manipuJation bef'oM 
hemo1ymph extraction. On1y shrimp in inte .... mo1t Slage (C Slage) wete used. Hemolymph 
(approximately 200-300 Id per ~) W8S individuaJlyampled tbrough a ~ 
syrinse needle inserted al the baseof thc iifth pe~iopod after thc shDmp had been dried 
with a paper towel. The individual weigbt (± 0.05 g)was recordedand moJting stagc was 
observod using uropod charaeferistics (Drach aud Thhemigovtz~ 1967). 

For OxyHc measuremeDis, 10 J.d hemolymph wete· immediately diluted vmh 990 
Id distilled water in a l()..mm euvette and absorbanee was measm at 335 mil, 0xyH0 
concontration W8S ea1eu1ated usinS an extiDction coefficient of,. = 17.26 cakuJaIed 011 the 
basis of the 74,00()..Da tbnetional subunit (Chen and Cheng, 1993). 

Commereial Jrits weJe used for lactate (Sigma.Glt. 735), triacylglYCClVl (fAG; (JPO
PAP, Mcrck, cal. 14354), and cholestaol (CHOD-PAP, M~k, Qlt 14349). DdeDJÚa.. 
tíoDS were adapted to a miaoplate usiDg 20 J.d of plasma oblained al 8000 x g 
centri1bptioD and 200 J.d of eD7pIC chromo¡en reageDl. Absorbance was recordcd in a 
miczop1ate reader (BJQ..RAD model SSO) 8Ild ooncentrations were oalculatcd from a 
standard substlBte $OJution. Plasma W8S fiuther diJuted 1:300 mI pIOtein (HP) defmnina. 
tiOD by the Bm.dforo (1976) technique adapted to a miczoplate metbod using commercial 
chromosen reagent (Sigma, cal. 610) and bovinc serum albumin as standard. 

2.4. lmnt#ne rel'po1Ue 

As ProPO system can be activated by endotoxins, aJl g1assware was washed with &. 
Toxa..clean® and all $OlmoDS \1Vete prepared using pyrogen-ñee water. Bhrimp salt 



solution was prepared according 10 Vargas.-Albores el al. (1993); 450 mM NaCL, 10 mM 
KCL, 10 mM HBPES, pR 7.3, 850 mosM kg- 1, An anticoagulanl solution for 
hemolympb extraction was prepared by adding 10 mM olEDTA-Na2 10 the sbrimp sall 
solution. A sodium eacodylate buffer (Cae, 10 mM cacodylate, 10 mM 0lCl...2, pH 7.0) 
\WS used 10 determine pbenoloxidase acti.~. 

Prophenol oxidase (ProPQ) activity W8S measured in a 581Dpte ol 50 J.d whicb W8S 

incubated for 3 min al2S oC witb SO J.d oltrypsin type IX (0.1 mgIml~ Tben. SO J1l olIJ. 
OOPA (3 mglml in Ole buffer) W8S added and incubated for 10 mm. The absolbanoe al 

490 nm was measured (Hemlnd.ez..Lópcz el al., 1996). 
Hemocytes were counkd using a sample ol 150 J.d 01 bemolympb mixed witb an 

AJsever soJution (113 mM g1ucose, 27 .2 mM sodium citrate, 2.8 mM citric &cid, 71!J mM 
NaO) and 10% lormaldebydc (vlv). This samp1e \WS storcd &ozen until anaJyzed. 
Hemocyte counting W8S <kme witb a mieroscope and a Mal8ssez cbamber. CeDular 
cbaraderization W8S based on sm:, sbape, and granular content of the oeDs (Le Moullac 
el al, 1997). 

2.5. StatistÚXll anoJyais 

DiffeIences belw'eeD populations and dietary CRO lewls were 8S8eSSed using a tv./O
way ANOVA. A pmbability level olO.OS W8S used 10 assess signiñeancc in a1l measUIed 
pammetclS. 

1ibJe2 
1Wo-way AHOYA sUDIIIImY ot1he dct otori¡in otthe popu1ltion aud d.ie1lry QlOoa blood meIabolitea orL. 
~l juvailes maintained ... SS days in experimen1al co.nditiou 

df ~ effect 4f MS error F P-~d 
e«ect enor 

PIOPQ 
QriaiI1 1 0.180 
CII) levd 1 0.354 
0riai11 V$.. CHO level 1 0.131 

HlMaqta, Tf)IQJ c6 
0ri¡i11 1 464.&79J)4& 
CII) Jevd 1 53.063.372 
0riai11 \1&. CHO ~el 1 1.635.434.112 

JIJaJ¡""caú 
Ori¡in 1 229.230,208.000 
CHO Jevd 1 37.121.860.000 
Ori¡in VI. CHO level 1 1,943.812.736.000 

GrIll#Ütlr celá 
Oriain 1 41.225,616.000 
CHO Jevd 179.271.936.000 
0riai11 \/s. CHO Jeve) 1 13,309,299.000 

102 
102 
102 

137 
131 
137 

131 
131 
137 

131 
137 
137 

0.011 
0.018 
0.01& 

247.890.&32 
241.890.&32 
247.890.&32 

83.546.064 
830546,064 
830546,064 

55,064612 
55.042,.672 
S5.062.672 

10.056 un 
19.108 .... 
1.661 Ut7 

1.875 0.173 
0.214 0.644 
6.597 un 

2.144 0.1.00 
0.452 0.503 

23.2.66 .... 
0.149 038& 
3.274 lJM6 
0.242 0.624 
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3.1. Blood mef4bolites 

A si,gnifioantly higber Jactate mue (0.46 mglml) was obsem:d in wild shrimp ied 
bigh dietary eHO (HCHO) as compared lo tbe other 1realments (mean value oí 0.22 
mglml) (1hble 2j P<O.OOl). A significant interadion oC dietary CHO and population 
oñgin was observed in Jactate levels ('Thble 1, P<O.OS). Origin oí the population 
~ blood chotesterol mues of L. WII",Qmei juveniles with higb values in wild 
(mean value oí 0.32 mglml), and low in sevemh-genendion eultivated sbrimp (mean 
value oC 0.24 mglml) (pig. 1; P<O.OOl). Btood triacylgl)Q70ls (TAO) w~ aft'ected 
by dietary CHO tevets yielding lower values in wild shrimp ted 10w dietsry eRO 
(LeRO) (P<O.001). An invcne rdation belwcen TAO mues and dietary CHO in 
each population produced a significaot interaction (P<O.ool, Table 1). Higber blood 
PlOtein lev. were observa:! in wiJd shrimp and in sbrimp fed HCHO (Pig. 1, 
P<O.OS). In ccmtrast, tbe bighest blood protein tevd in seventb-generati<lD eultured 

Q.8 .. 1: b 

1::: ~ ~ U 

fE • • U +-- ........ 
0.1 

a a 
lOtO LOtO ICHO LCHO HCHO LOIO .... CU ...... -DA - CI .0.. b b 

1= ~ ;----
Ji 0.1 • • 

F~ +- .. 
~'HIG 

I~ 0.1 
0.. 12CI 

D 1tII 
HCIiO LCHO HCIiO LeHO HCHO LCHO 

WIIII ~ ... 
JI..tI b b a.a 

11
.
1 r--+ la Q.'15 

/ 1"3 1.1 0.15 'u 0.1 
a. 

1.5 0.5 
HCHQ LCHO HCHO t.aiO HCHD LCHO HCHO LCHO 

'Mili ~ ,.., ae ... , 

Fi¡. l. BJood me1abo1ites oxy bemoeyanin (OxyHc) and OxyHcJim;tem ratio of wUd and seventh-¡eneration 
cultivat«lL. l'tlIIIIOmdfOd hlsh(4O%) and1ow(0%)dietary CHO. Mean ± S.E. ~ntteUer$ mean s1atBtical 
~s(P<O.OS). 
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shrimp W8$ obtained in tbose fed LCHO. A signifieant intemction 0.1 dietary CHO and 
popuJation W8$ siso observed (Table 2, P<O.OS). Different OxyHo leveJs ~re 
obsened accord.ins 10 th.e origin of the populalion, witb higb leveJsin wild and 
low lcveJs in seveDfh.senemtion cultivated shrimp, a significan! intemction was abo 
obsel"Y\Xl (Fig. 1. 1Bble 2, P<O.OS). 1'he proportion of OxyHc of total blood protein 
vañed between 60% and 77% with low values in wild shrimp f"ed HCHO and higb 
mues in sevenfh-generation cultwed shrimp fecl LCHO (Fig. 1). 

Doe t. 

/ ~ 
la 

0.1 • I y 10.· a ..-----. 
rOo' 

~ 
I 

0.2 11 
0.1 t 

G 
HCHD I.CHO HCHD I.CHO HCHO L.CHD HCHD LCM'l ... C\'IIIIIIIIIIII WI .. a.c.'" .. 

b • 
t= / I ~ 

b 

~ 

~ í= y (1 
I 'IDO It .17_ 5000 1_ 

o 
ICHO LDIO HCHO LCHO HCHO I.CHO HCHO LOIO - ~ .... cu ....... 

o.oa b 

D.Ot.5 ~ ,. • • a;G.aI • lama ... 

I 0.01 

U05 
., 

HCHO LCHO HCHO I.CHO 
.11 CIIIhIIIIIII 

Aa. 2. Immune ~ (prophenoJ oxidase activily [Ptd'O]) bemocyteI eoncemratioJ1 arJd Ptol'O/pnullr ceDa 
~ ratio oí wiId an4 sc:vemh1P!neration euJtivated L WDI1ta1IWJ ~d hi¡h (40%) and Jow (0'%) dietar)' 
CHQ, MeIll1 ± s.E. Ditferent 1ettel'$ mean statistical Gitrerences (p<o,o5). 
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3.2. Immune 1'8sponse 

Population ~. dietary CHO, and tbeir intemction aifected PwPO activity oí $hrimp 
(Fig. 2, 'labIe 3; P<O.OS). A high PIOPO leveI was observed in seventb-genemtion 
oultured sbJimp fed LCRO (O.SS OD .. ~, wbidl was S2% bigher tban tIuIt obtained for tbe 
otber t1eatments (mean value of0.36 OD~o; Fig. 2). Total oeUs and byalin edls pRlSeDted 
a significant intemction betwcen ~ oí diet and popuJation origin. Higb. oen ooneen1Ja.. 
non was obsetved in botb wild $hrimp fed RCHO and sevenfb..generaaion oultured sbrimp 
red LCHO (Fig. 2). A signitiamt eff'eot of ~ oí diet was obsem.:d on gmnular <:e1ls 
(buge granuJar+ gmnutar oens) ofbotb populations, witb low wlue$ in shrimp fed HCHO 
and bigb oen ooncentralions in sbrimp fed LCHO (Fig. 2, 'I8ble 3, P<O.OS). A bigber 
value of ProPO/granular ee1l ratio was obsem.:d in sewntb-generation cultured shrimp 
(0.027 OD.eJ)O leeD mt- I x 10:; as oompared f.o tbat obtained lor tbe otber trea1ments 
(0.018 OD .. ~cell mI- I x 10~ (Fig. 2). 

Tibie 3 
Two-way ANOVAsUDIIIIIa1)' oftbe eflilet. of o.r;p oftbe popuIItion lUId dieIary CB) GIl btood mellbolircs ofL 
~ñ juvetuiles mlintained for 55 • il1 csperimemal coaditioD& 

df~ct MSeffect dfenor MS Enor F P-leve1 

ÜI/.:JJtJJ!t 
Qriain 1 0 .664 lOS 0.039 17.081 .... 
CHOlevel 1 O.las lOS 0.039 4.746 "'1 Qriain va. 010 Jevd 1 0340 lOS 0.039 8.141 UN 

CioIte.*tr;I 
Qriain 1 0.190 lOS 0.004 41.064 .... 
CHQJeveI J 0.009 lOS 0.004 2.118 0.149 
Qriain va. 010 &eveI 1 0.000 lOS 0.004 0.088 0.767 

~gIitIeroú 
Qriain 1 0.017 lOS 0.009 1.890 0.172 
CHOlevel J 0.02.5 lOS 0.009 3.233 4UM5 
Qriain va. CHO Jevd 1 0.103 lOS ClOO9 11.509 .... 1 

~ 
Qriain 33.425.945 lOS 43).:591 79.474 .... 
CHOlevel 1 104.tJ29 lOS 420.591 0.247 0.620 
Qriain va. CHO Jevd 1 6302.306 lOS 420.:591 14.984 .... 
0yHe 
Qriain 1 0 .930 119 0.110 5.173 lUIl 
CHOlevel 1 0.161 119 0.110 0.894 0.470 
Qriain w . CHO Jevd 1 0350 119 0.110 1.949 ... 5 

(;0 

Qriain 1 346.029 109 3554.924 0.097 0.156 
CHOlevel 1 19.321.969 109 3554.924 25.128 .... 
Qriain w. CHO Jevd 1 113.285"15 109 3554.924 51.5Sa .... 
]If-3S dala perexperimental condition. 
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4. DiKassion 

Blood me.tabolites and il'DllllJDe respOJUJe of ~ wild shrimp were essentiaUy dül'erent 
ftom tbose oí soventh-genemtion eultured shrimp, ~moD$1rating tbat during si2e-ba.sed 
breeding p.,grams genes affed blood Jaetate, TAO, and protem. as ~U as P.,PO and total 
and hyalin hemocytes.. 81a1istieal signifieant interadion between popu181ion type and type 
of diet ~monsbated that wild and fiumed popuJattons responded diff'c::rently lo the same 
type oí dieto 

When CHO levels are cbanged in the diet. in isocaloric· and isolipidiediets, protein 
must aI$o be changed (Table 1). In the presont studYt diets were fomqdated to contain 
3% CHO (LCHO; 66.5% protein) and 44% CHO (HCHO; 30% protcin) and wc::re 
isoca1oJÍO (18 1rJ/gDE). Sbrimp \\'ere exposed therefore lo variatiOll in both CHO and 
protein concentralÍoDS. We observed that blood Jaotate, TAO, and protein ~re higber in 
wild sbrimp fed HCHO than in wild shrimp 1ixl LCHO. However, in seventh-generatiOll 
cultured shrimp, laetate and TAO wete· no! affi::eted by dietary 010 whenBs a higb 
blood p.,tein 1eve1 W8S observed in sbrimp fed LCHO. Lactate is the end product oí 
glycolysis after a reduetion oí pymvate by NADH (Hoehadlka, 1970) and, in this sense 
(Hug,gins, 1966), showed tbat a high percentage of glueose me.tabolized during 
glyeot,sis in Crustaeea (500Ai) is directed to fODD. amiDo aeids througb. ~ traosamillB
tion palhway. Higb levds ofblood lactate can regulate glycogen synthesis via crustacean 
bypeIgl)'cemic hormone (CHH) a reduction oí CHH in blood is observed when a higb 
lactate level is present, activaling the glycogen S)'Dthetase in musde and promoting 
glycogen synthesis (Santos and KeUer, 1993). This mechanism was observed in 
~iml8 ma~Q.f (Santos and Ke:Uer, 1993) and ClKlJ/m4gnQllu g1tlllUl4Ia (Da Silva 
and K~ 1992; Vmagre and Da Silva, 1992). High lactate levels observed in wi1d 
sbrimp could indicate that high glycolysis aetivity was induced by a more aetive CHO 
digestion, promoting a more appropriale reguJation oí CHO me.tabolismin aH pathways. 
The increment in blood p.,tein observed in wi1d shrimp fi:d HCHO dem~tes that 
high protein level in blood could be re1ated with amiDo soids synthesis obtained ftom 
the traosanrination padrway, and its posterior stoJing as hemocyanin or other peptides. 
Huggins (1966), using madced glucose~ ObselVed that pyruvate tends to be ttansarninated 
or reduoed ralher than. oxidized vía the trioarboxylic acid cycJe. In other stud~ Boulton 
and Huggins (1970) showed that tbe pn:sence oí glU1amale-py!Uvate and g)Ulamate
oxaloacetate aminotrana1Crases confumed that crab 1issue extracts C8tal~ a ditect 
interQOlM.'rsiOll oí glu1Bmic acid +pyruvic acid or oxalOllOCtic acid lo give a-ketogluta
míe soid + alanine or asparti<o acid and vice VCIS8t demonstraling that, ~ can 
synthesize amiDo soids ñom CHO tbrougb g1yco1ysis pathway. If wi1d sbrimp can digest 
mo.., dietary CHO than farmed sbrimp, produce more amiDo aeids and store it in 
hemooyaniD, wild sbrimp eould improve its immune system and its general health stalUS 
just íor the important role that hemocyanin has as a multiñmotioual protein tba1 
participales in the defense mechanjsm and nutritional stalUS oí sbrimp. 

In seventb-generaliOll cultivated shnmpt Jaetate was not ai&:ded by CHO dietary levels 
indicating that dietary CHO leve1s did DOt at'fect glycolysis. AooOl'ding lo Arena el al. 
(2003), the limited capaQi~ íor srarch digestionis related lo a repression oí arnylase aUdes 
that, al the same time, limit dietary stareb diption and CHO metabotism in general. The 
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observed with increasing dietary protein levels indicating that shrimp ac:cwnulated protein as 
bemocyanin. A reduction ofbemocytes occurred wben shrimp were fed sub-optimal dietary protein 
levels indicating tbat zymogens contained in bemocytes, i.e., propbenoloxidase (ProPO) system, 
peneidins and tbeir activities (pbagocytosis, coagulation), were abo reduced A reduction on 
respiratory burst was observed indicating tbat sub-optimal dietaly protein level affected tbe number 
of cells and the pbagocytosis capacity of cells. Notwithstanding, tbe compensatOry mechanism used 
by L. wmnamei to respond nutritional stress, sub-optimaJ dietary protein level (5 and 15 g DP/kg 
BWd) induced not only a severe reduction in growth Jate and assimilation efficiency but alsoin 
immune capacities. 
e 2004 Etsevier B.V. All rigbts reserved. 

kywords: Protein; Producdon; OXygen consumption; Assimi1ation; Inmune raponse; UtopeNleus WIn1IameJ 

1. Introduetion 

Several studies have evaluated optimal dietaty protein level for growth and feed 
conversion in Litopenaeus vannamei Colvin and Brand (1977) found a better feed 
conversion for juveniles when shrimp were fed 25% crude protein when compared with 
sbrimp with 300/0, 35% or 40% dietary protein levels. Smith et al. (1984) indicated that 
maximum growth is obtained when 0.4 g sbrimp are fed a diet exceeding 36% protein. 
Teichert-Coddington and Arrue (1988) proposed a range between 25% and 35% crude 
protein as optimum for L. vannamei maintained in outdoor ponds. Atantakananda and 
Lawrence (1993) concluded that maximum growth can be obtained with a dietaty protein 
level of 15% with an optimal energy to protein ratio of 120 kJ g-1 protein with shrimp íed 
ad libitum. Cousin (1995) evaluated growth oí L. vannamei juveniles and recommended a 
dietaty protein level of30% to obtain a maximum growth rateo More recentIy. Kuresbyand 
Davis (2002) showed protein requirement for maximum growth witb L. vannamei 
juveniles to be higher than 32%; they noticed 48% dietal)' protein level yielding a better 
leed efficieney. 

Relative requirement in terms of peroent dietary protein was largely discussed befare 
(Lawrence et aL, 1998; Aquacop and Cuzon, 1989) and optimum proposed for ditferent 
species; in Litopenaerus stylirostris, on 1he contrary, an optimum protein leve1 is hardly 
evidenced because growth continue up to 58% CP (CUzon and Aquacop, 1998). AbsoJute 
requirement in protein. has becn proposed as the minimum or maximum amount of protein 
needed per animal per day (Cousin, 1995; Guillaume, 1977). In terms of absolute 
requirement. juvenile L. vannamei had maximum growth rate with 43 g DPlkg body 
weightlday (43 g DPlkg BWd) with an optimum aboye 32% CP (Kuresby and Davis, 
2002). Cousin (1995) reported 33 g DPlkg BWd with an optimum of30-35% CP and a 
proteinlenergy ratio of 20 mgIkJ DE. 

Sueh expression of the requirement takes into account the ingestion rate that can be 
modulated by shrimp according to tbe energy density of the diet (Cuzon and Aquacop, 
1998). White sbrimp, L. vannamei, is an example where optimum protein level can be met 
by an elevation of intake; and then the question is raised about a possible inercase in feed 
conversion ratio (FCR) wben 1he protein level is redueed. This was proposed for L. 
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vannamei (Kureshy andDavis, 2002). Dietary protein consideration can not be dissociated 
from eneIgy leve1.Fuel derived n-om lipid is not considered an adequate source lo spare 
protein (Cousin, 1995; Cuzon et al., 2001). On the other hand, carbohydrates, such as 
native staroh, are recommended up to 30% of tbe diet Although a limitation could be 
found concerning its digestibili1)' for an inbred strain (Rosas et al., 200 1 a), in a more 
recent study, a higher starch inclusion (400Át CHO) was observed in L. vannamei wild 
specimen (Arena et al., 2003). Moreover, in case of protein-dense diet, sbrimp possess an 
ability lO use otber metabolic pathways and derive glucose from glucogenic amino 8Cids 
(alanin.e, glycine, valine, etc.) (Rosas et al., 2002). Energy/protein ratio offormulated feeds 
is certain1y more useful than relative protein requirement wbich has been largely expressed 
by researchers, farmers and feed manufacturers; moreover, less consideration was put on 
how dietary protein level could affect physiological status of farmed shrimp. 

Previous studies (Rosas et aL, 2000, 2001a,b; Sánchez et al., 2001) showed a 
relationship between nutritional requirements, blood metabolites and immune system 
capacities for L. vannamei and L. setiferus. Taking inlO account ~ch studies and data on 
shrimp protein metabolism from our laboraloty, a scheme was e1aborated lO represent 
physiological and biochemical events that occur in sbrimp fed high or 10w dietary starch 
(Rosas et al., 2002). Re~lts demonstrated that sbrimp are wel1 adapted lo live without 
dietaty s~h, channeling energy lO growth from protein, although protein metabolism 
produced a substantial loss oí energy through ammonia excreoon. Shrimp fed low dietary 
s~h levels had more bemocyanin and protein than observed in shrimp fed high dietary 
staroh, tbus confinning a capacity for L. vannamei lO use dietaty protein as an amino acid 
source to store protein in hemolymph as hemocyanin (Rosas et al., 2002). 

The sbrimp immune system has a solid protein base and hemocyanin plays an 
important role in its function. Recent studies have demonstrated tbat in addition lO its 
multifunctional role (oxygen transporter, storage protein, carotenoids carrier, osmolite, 
ecdysone transporter) hemocyanin has a fungistatic (Destoumieux et al., 2001) and. 
prophenol oxydase-Jike function (Adachi et al, 2003). Proteins are also involved in 
recognizing foreign glucans tbrough lipopolysaccharide binding protein (LPSBP) and r.. 
glucan binding protein (BGBP) (Vargas-Albores and Yepiz-Plascencia, 2000). A clotting 
protein (with tbe change offibrinogens to fibrin)is involved in engulfing foreign invading 
oIganisms and prevents blood 10ss upon. wounding (Hall et al., 1999; Montaño-Pérez et al., 
1999). Defense reactions in shrimp are ofien accompanied by melanization. Prophenolox
idase (ProPO)-activating system' mediated by hemocytes, ís a zymogen of pbenoloxidase 
(PO) enzyme tbat catalyzes both o-hydroxylation of monophenols and oxidation of 
phenols lO quinones leading lO synthesis oí melanin (Sritunyalucksana and SOderhall, 
2000). Conversíon ofProPO lO PO occurs tbrough a serine protease called prophenolox
idase-activating enzyme (ppA) regu1ated by another protein, a-2 macroglobulin, a trypsin 
inbibitor (Perazzolo and Barracco, 1997). The innate immune response of sbrimp also 
relies upon a production, in hemocytes, of antimicrobial peptides calledpeneidin.s tbat are 
active against a large range of pathogens essentially directed against Gram-positive 
bacteria via a strain-specific inbibition mechanism (Destoumieux et aL, 2000). 

Acoording lO Lucas (1993), energetics can be defined as tbe quantification of the 
exchange and transfonnations of eneIgy and matter between living organisms and their 
environment When this concept is applied lO cultured shrimp in nutritional studies, 
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energetic helps lO understand how nutrients modulate the pbysiological mechanisms 
related with the transfonnation of food energy inlO biomass through the basic equation 
l=H+U+R+P, where 1 1S the ingested energy, H is the energy lost in feces, U is tbe energy 
10st in nitrogen metabolism, R is the energy invested in respiralOry metabolism and P is the 
energy invested in production of bromass or gametes. In a practica1 sense, this equation 
can provide data to know how much energy of the food is necessary for maximwn growth 
rate and how the different proportions of nutrients in a diet are used as a source of 
metabolic energy fur growth or Iost as waste products. Protein requirements according to 
Kureshy and Davis (2002) can be defined as the level of protein required for maintaining 
body ftmctions associated with protein metabolism with all other numents having been 
provided in adequate amounts. In this context, protein requirement should consider bow 
much protein is needed lO optimalIy maintain physiologica1 status of shrimp including 
immune system. 

According with many researchers the optimal protein level ranges between 15% and 
36%, although more than 32% appears as a dietary protein level that cou1d satis1}t shrimp 
pbysiological condition (Kureshy and Davis, 2002). In this context, the present study was 
designed to evaluate the effect of dietary protein level on surviva~ assimilation efficiency 
and immunologica1 condition of L. vannamei juveniles. Two protein levels in the range of 
optimal reported levels (15% and 400/0 equivalent lO 15 and 40 g DPlkg BWd) and one 
extremeIy low (5% equivalent lO 5 g DPlkg BWd) level were used. lmm.unologica1 
conditions were defined as the capacity of sbrimp immune system to respond to an 
experimental condition without stress. 

2. Material and methods 

2.1. Animals 

A group of 150 shrimp (1.59±0.07 g wet weight) were used in this experiment L. 
vannamei were obtained trom Pecis Industries, in Yucatan, Mexico. Shrimp were reared 
fur 50 days in 90-1 tanks (10 shrimpltank) and fed different protein levels: 5%, 15% and 
40%. Five tanks were randomly assigned lO each treatment. PholOperiod was 12b/12h, 
water temperature ranged from 28± 1°C, dissolved oxygen was >5.0 mgIJ, salinity was 
35 %o and pH was between 7.9 and 8.2. 

Shrimp were fed at 100/0 body weight Feed amount was divided in time rations a day 
(0800, 1400 and 2000 b). Taking inlO account tbat ratio cbange with changes in body 
weight, food ratio was adjusted every 10 days. A sample of 10 shrimp were takentrom one 
tank of each treatment. At the end of the trial, al1 experimental tanks were sampled one 
time at Ieast. Uneaten food particles and reces were removed once a day by siphoning. 

2.2. Preparation 01 diets 

Tbe experimental diets were prepared by thoroughly mixing dry ingredients withoil 
and then adding water until a stiff dough resulted (rabIe 1). This was then passed through 
a meat mincer with a die, and the resulting spaghetti-like strings were air dried at 60 oC for 
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Thble 1 
CoJqX>sition ofthe experimental dieú (g kg- I

) 

In~ts Dieta.ry protein, g DPIkg BWd 

5 15 

Anchovy fish meal1 S6 168 
Squid meatl 12.5 37.5 
Soy bean meal 22.5 67.5 
Native wheat ~ 609.1 495.4 
Soy bean lecithin1 20 20 
Cod liver 003 43 32 
Cholesterol 2 2 
Vitamins mixa 17 17 
Rovimix Stay-eb 0.286 0.286 
Minerals" 8 8 
Filie(! 199.6 142.3 
Alginate Na 10 10 
Crude protein (%) S.6 15 
Crudo Iipid. (%) 10 10 
CBH <-'Á) 61 49.5 
Ash% 23 17 
Total eoergy (kJ g-l~ 16 16 

• VIlamin pnmix witboutvitamin C. provided by Agribrands de Mexico. 
b A$corbyI pbosphaie (Sta,y-C-35o/.; Roche). 
c: Mineral. premix provided by Agribnmel de Me:xico. 
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40 

450 
100 
180 
190 
20 
22 
2 

17 
0.286 
8 
O 

10 
40 
10 
19 
9 

16 

• Es1imated from Cu2'JOn. and Guillaume (1987) witb the fotlowing coeftlclents: 21.3. 17.6 and. 39.5 kJ g -1 10r 
Proteln. carbohydratea and lipids. RSpectively. 

I CORPESCA SUPERPRlME (Chilenean Fish meal, steam dried). 
2 Squid meal (LoIIgo sp., ftom Gulf oí México). 
3 Droguería Cosmopolita. México . 
.. Cel:tnlclse. 

24 h. After drying, the material was broken up and sieved ro a convenient pellet size and 
stored at -4 oC. 

2.3. Growth ami survival 

Orowth rate was evaluated as tbe difference between wet weight at tbe start and end of 
the experiment, calculated as daily growth coefficient (DOC, %) (Bureau et al, 2000): 

DOC = 100 x [(final weigbt)lj 3 - (initial weight)1/31/time (days) 

Survival was calculated as tbe difference between the number of live animals at the start 
and end of the experimento 

2.4. Energetic balance 

Ingested feed was individually measured directly into respirometric chambers of 12 
shrimp per diet. That value was obtained from the differences between the given food 
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and the remained feed obtained at the end of the oxygen consumption measurements. 
The feed lost into the experimental chamber was calculated as the difference between 
the remaining feed and the feed obtained ftom a control chamber without shrimp. To do 
that. the water of the experimental chambers were filtered using a pump. A pre-weighed 
Whatman filter no. 20 was used to retain the unconsumed feed that was dried at 60 oC 
until constant weight Ingested energy was calculated using the energy content oí the 
feed (15.8 J g-l) that was measured with an adiabatic calorimeter p~ pump, 
previousIy calibrated with benzoic acid. Total energy oí the feces was obtained ftom 
teces coUected directIy in experimental growth tanks alter fed at 0800 h during 5 days. 
To do that, shrimp were fed and the remained feed coJlected by siphon 2 h after. All the 
water was gently changed without changing the volume of the tanlc. Once the tank was 
cleaned, reces were coUected by siphoning and filtering the water on a Whatman filter 
DO. 20 coopted to a pump. Alt feces were pooled by diet and dried at 60 oC until 
analysis. Feces energy was obtained from three samples per diet bumed in the 
ca10rimeter ,ump. Total feces energy was expressed as joules per gram of dry weigbt 
feces (J g- dw). 

Bnergetic balance was estimated using the following equation (Lucas, 1993): 

I = H+U+R+P 

where 1 is the ingested gros s enetgy, H is the energy lost in feces, U the energy lost in 
nitrogen products, R indicates respiration (R=Rrout+R~ and P is energy invested in 
biomass production. In the present paper, H and U were not measured but were estimated 
as 

(H + U) = 1 - As. 

Assimilated energy (As) was calcu1ated as R+P. AlI values were expressed as J day-I g-I 
dw. Oxygen consumption was measured in 12 shrimp from each dieto Oxygen consump
tion was determined individually by a continuous flow respirometer in a closed system 
(Rosas et al., 2002). Oxygen consumption was calculated as 

V<h = 020 - 0,- x Fr, 

where V<h is oxygen consumption (mg 02 h-1 animal-1), <he indicates oxygen 
COncentration at entrance to the chamber (mg r\ 02e< is oxygen concentration at exit 
(mg 1-1

) and Fr is the flow míe (mi h-1). Oxygen concentration was measured using a 
digital oxymeter (YSI 50B digital, USA) with a polarogmphic sensor (±O.Ol mg ¡-1), 
previousIy calibrated with oxygen-saturated seawater al 28 oC. Afterwanis, shrimp were 
fed feed pellet fmgments of 0.06±0.002 g distnbuted in each respirometric chambers. 
Same amount of feed was placed in a control chamber without organisms to estimate 
oxygen lost by feed decomposition. Oxygen consumption of fed shrimp was measured 
every hour for a 5-h period, between 0800 and 1300. Once the experiment was 
concluded, shrimp were weighed. Routine metabolism (Rrout) was estímated from VÜ2 
(mg g-1 h- J

) of unfed shrimp considering the time during the day in which shrimp do 
nO! feed. Apparent heat inerease (RABI; J g-1 h- 1

) was estimated from the difference 
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between V02 of unfed shrimp and maximum value attained after feedíng and 
considering the time needed for peak oxygen consumption after fee<ling and the 
number of rations fed to shrimp per day (n=3) during growth experiment A 14.3 J 
mg-1 conversion factor of oxygen consumption was used to transfonn unfed and fed 
V(h to J g-J dry weigbt (dw) (Lucas, 1993). The AHl coefficient was calculated as 
RABJlx 100. Respiration (R) was calculated as Rrout +RAfU and expressed as J day-l 
g-1 dw taking into consideration that shrimp were fed three times a day during the 
growth trial. 

Energy produced (P) was calculated using the actual growth rate of the sbrimp obtained 
during experimental time (SO days). The value of 23.96±0.72 J g-1 dw was used lO 
transfonn the growth data into productíon uníts (P; J g-1 dw day-l). This value was 
obtained from analyzing energy content applied to abdominal muscle of 10 shrimp by 
means of a calorimeter (PatT~, previously calibrated with benzoic acid. 

Assimilated, respiralOry and productíon gross efficíencies were calculated as AsJJx 100, 
Rl1x 100 and P/lx lOO, respectívely. RespiralOry (R) and production net efficiencies (PE) 
were calcu1ated as R/Asx 100 and PIAsx 100, respectively. 

2.5. Blood constituents, osmotic pressure and immunological evaluations 

Blood measurements were made in living fasted (12 h) shrimp at end of experimento 
Before sampling, shrimp were placed in pre-chilled (18 OC) and aerated seawater for S min 
lO reduce the effect of manipulation before hemolymph extractíon. Only shrimp in inter
molt stage (C stage) were used. Hemolymph (approximately 300-500 JlI per sbrimp) was 
individually sampled 1hrough a pre-chilled syringe needle inserted at the base of the fifth 
pereiopod after the shrimp had been swiped offwith a paper towel. The individual weigbt 
(±0.05 g) was recorded and molting stages were determined using uropod characteristícs 
(Drach and Tchernigovtzeff, 1967). 

Osmotic pressure of the hemolymph and water was measured in a micro-osmometer 
with 20 Jll of sample per titration (3 MO-PLUS; Advanced Instruments, USA). The 
osmotic capaci~ (OC) was defined as the difference between osmotic pressure of 
hemolympb and external medium (Lignot et al., 1999). 

For bemocyanin (OxyHc) measurements, 10 JlI bemolymph was irnmediately diluted 
with 990 Jll distilled water in a 10-rnm cuvette, and absorbance was measured at 335 
nm. Hemocyanin concentratíon was calculated using 3D extínctíon coefficient of 
8=17.26 calculated on the basis of the 74000 Da functíonal subunit (Chen and Cheng, 
1993). 

Glycogen in. the digestive gland was extracted in the presence of sulfuric acid and 
phenol (Dubois et aL, 1965). The digestive gland was first homogenized in tricbloroacetic 
acid (fCA, 5%) for 2 min at 3340xg. After centrifugation (7000 X g), tbe supernatant was 
quantified, this procedure was done twice. 1\vo bundred mícroliters of supernatant was 
pipetted into a tube and mixed with 5 vol of95% etbanol. Tubes were placed in an oven at 
37-40 oC for 3 b. After precipitation, the tubes were centrifuged at 7000xg for 15 min. 
Glycog.en pellet was dissolved by adding 0.5 mI of boiling water. Then, 1 mílliliter of 
concentrated sulfuric acid and pbenol (5%) was added and mixed. Tube contents were 
transferred to mícroplate and read at 490 nm in a microplate reader (Bio-Rad 550). 
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2.6. Immune condition 

Because theProPO system can be activated by endotoxins, all glassware was wasbed 
with E-Toxa-Clean@ and a11 solutions were prepared using pyrogen-tree water. Shrimp 
saline solution was prepared accordmg to Vargas-Albores et al. (1993): 450 mM NaCl, 10 
mM KCI, 10 mM HEPES, pH 7.3, 850 mOsm kg-1 Tbe anticoagulant solution fur 
hemolymph extraction was prepared by addmg 10 mM oí BDTA - Na2 to the shrimp saHne 
salution. A sodium cacodylate buffer (Cae, 10 mM cacodylate, 10 mM CaCl2, pH 7.0) was 
used to determine phenoloxidase activity. 

2.7. Hemocytes 

A sample of 1 SO J.l1 of hemolymph was mixed with an A1sever solution (113 mM 
glucose, 27.2 mM sodium citrate, 2.8 mM citric acid, 71.9 mM NaCl) with 100/0 
furmaldehyde (v/v). This sample was stored frozen until analysis (8 oC). The hemocytes 
counting was done with a Malassez chamber. CelluIar eha1'acterization was done taking 
mto account size, form and gnmular content of tbe cel1s (pascual et al., 2003). 

2.8. Prophenoloxidase activity 

A sample of 50 J.tl oí hemolymph was incubated fur 3 mm at 25 oC witb 50 J.tl oí 
trypsin type IX (0.1 mglml). Then, 50 J.tl OfL-DOPA (3 mglml in Cae buffer) was added 
and incubated. 10 mino The absorbance at 490 nm was measured (Hernández-L6pez et al., 
1996). ProPO activity was expressed as ProPO granular cell (OC) -1 xl 000. 

2.9. Respiratory burst 

Inttacellular production of the superoxide anion m hemocytes was quantiñed using the 
NBT (Nitroblue Tetrazolium) reduction to fonnazan (Song and Hsieh. 1994). Fifty 
microliters of hemolymph diluted in A1sever solution (1:1) was placed in a microplate 
and centrifuged at 800xg per 10 mino Plasma was removed and hemocytes were washed 
with 100 J.l1 of Hank's solution. Next, 100 J.ll of Zymosan (0.1 % in Hank's solution) was 
added and iDCUbated fur 2 h at room tempemture. The zymosan was then removed and 
hemocytes were washed three times with 100 J.tl of Hank's solution and stainmg fur 30 min 
with NBT solution (0.3%) at room temperature. Afier stained solution was removed, fixed 
hemocytes were washed three times with 100 J.ll of methanol (700/0) and dried for S mino 
Formazan was dissolved with 120 J.tl ofKOH and 140 J.l1 ofDMSO, and optical density 
was read at 630nm using a microplate reader (Bio-Rad Mod. 550). 

2.10. Hemagglutinating activity (HU) 

Huntan bl00d was used to malee hemagglutinating activity measurements. Blood used 
was obtained from Medicine Faculty of tite National University of México. Blood cells 
were suspended m a 2% saline solution (v/v). Sbrimp plasma was obtained at 800xg 
centrifugation of blood diluted 1:3 with SIC-EDTA. Afterwards, plasma was serially 
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diluted 11 times (1 :2) with 50 Jll of saline solution in ~e Falcon pIates wells in U fonn. 
Finally, 50 Jll ofhuman erythrocytes suspension was added and piares were incubated for 2 
h at room temperature (26±2 OC). A coIumn of the pIare with erythrocytes and saUne 
solution was used as a control. Hemagglutination title was recorded as the inverse of the 
last dilution hemagglutinating activity was observed. Results were expressed as specific 
hemagglutinating activity (HU/rng protein). 

2.11. StatisticaJ anaJysis 

ANOVA was applied to resuIts of growth rate, swvival, energetic balance and 
irnmunological parameters. An arcsin transfonnati.on was used before processingpercent
age data (Zar, 1974). 

3. Results 

3.1. Energetic balance 

lngestion mte increased significantly accotding witb a reduction in dietaJ:y protein 
levels (Table 2). Ingestion mte of shrimp fed 5 g DPlkg BWd was 231 % and 168 % higher 
than thatobserved in shrimp fed 15 and 40 g DPlkgBWd, respectively (P<O.05; Table 2). 
At the end of the experiment, ingestion rare was equivalent to 6%, 4% and 3% of body 
weight for shrimp fed 5, 15 and 40 g DPlkg BWd, respectively. Survival was similar 
between treatments with values ranging between 84% and 94% (P>O.05). 

Daily growth coe.fficient (%) resutted significantly higber in shrimp fed 40 DPIkg BWd 
(l.96±O.02%) than tbose observed in sbrimp fed 15 DPlkg BWd (1.39 ±0.01 %) and 5 DP/ 

Table2 
Energy balanoe of L. wmnamei juveniles fed diffenmt dietary protein levels 

Protem. g DPIkg BWd 

5 15 40 

lngestion tate, (1) day-I ,-1 dw 3298.20±362" 19S4.oo±254b 1427.oo±157· 
Respiration (R) 

R'CA J day-I g-1 dw 6.86±0.16" 49.76± II.SS' 6O.06±2.52b 

RJt.UTJ day-I g-I dw 438.44±65.77" 249.68± 19.9Ob 17 1.60 ±20.6O" 
¡r-.R~RAlD, J day-I ,-1 dw 44S.30±6S.93" 299.44±1l.IOb 231.66 ±l1.56· 

Production (P). J day-l g-I dw 15S.29±S.9S· 664.58±6.14D 1115.97± 14.16" 
Energy lost (H+U)-I(R+P). J day-l g-1 dw 2698.00 991.00 81.00 
Assimilation-( P+-R), J day-l g-I dw 600.59 964.02 134.63 
Assimnation. efficiencles AslI, % 18.oo±0.00Ib 49.00±0.OO2b 94.00±0.003· 
Feces energy contentJ g-1 dw 6243±1&r 6999±210b 11809±3S4c 

(II+U)II, % 81.00 50.70 5.60 
RlI, % 13.50 28.80 16.30 
P/1.% 4.70 34.00 78.20 
RlAs, % 74.14 31.06 17.19 
PIAs, % 25.86 68.94 82.81 

Means with superscript letleIS in same row are statistical different. 
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kg BWd (0.5±0.02%) (P<0.05) (Pig. 1). Consequently, produced energy (P) was higher 
in sbrimp fed 40 DP/kg BWd (1.1 kJ day-l g-1 dw) than thoseobserved in shrimp fed 15 
and 5 DPlkg BWd (0.7 and 0.1 kJ day-l g-1 dw, respectively) (Table 2). 

Oxygen consumption was measured in fusted and fed sbrimp (Fig. 2). A higher fasting 
oxygen consumption was oblained in shrimp fed 5% protein (1.47 mg 02 h-1 g-1 dw) in 
comparison to that observed in sbrimp fed 15 and 40% protein (mean value ofO.99 mg O2 

h-1 g-1 dw) (P<O.05). ConsequentIy, RRUT of shrimp fed 5 DP/kg BWd was 1.49 and 
1.92 times higber than those observed in shrimp fed 15 and 40 DPlkg BWd, respectively 
(TabIe 2). 

Once sbrimp were fed, oxygen consumption increased rapid1y reaching a peak 1, 2 
and 1 h after feeding for 5, 15 and 40 DP/kg BWd leve~ respectively. A high post
prandiaI oxygen consumption was recorded in shrimp fed 15% protein. That value was 
1.3 and 1.56 times higher than those obsetved in shrimp fed 5 and 40 DPlkg BWd, 
respectively (P<O.05). It is interesting to note that oxygen consumption of shrimp fed 5 
DPIkg BWd retumed to pre-feeding values just 1 h after reaching a peak whüe shrimp 
fed 15 and 40 DPlkg BWd needed 2 and 4 h to retum to post-prandial oxygen 
consumption values, respectiveIy. In fact, shrimp fed 40 DPlkg BWd maintained high 
and constant post-prandial oxygen consumption for 4 h (Fig. 2). Apparent heat increment 
(RAHI> of shrimp fed 5 DPlkg BWd was 86% Iower than that obtained in shrimp fed 15 
DPIkg BWd and 88% Iower than that obtained in shrimp fed 40 DPlkg BWd (TabIe 2). 
A high total R (RRurf-RABJ) was obtained in sbrimp fed 5 DPlkg BWd with 0.4 kJ day-l 
g-1 dw. This value was 1.49 and 1.92 times higher than those observed in shrimp fed 15 
and 40 DPlkg BWd, respectively (TabIe 2). A high assimilated energy (P+R) was 
recorded in shrimp fed 40 DPlkg BWd (1.3 kJ day-l g-1 dw). This value was 1.40 and 
2.24 times higher than those observed in shrimp fed 15 and 5 DPlkg BWd (TabIe 2). A 
signulC3l1t increment on assimilation efficiency (AslI, %) was recorded according to an 
increase in dietaty protein level with values of lSO/Ó, 49% and 94% in shrimp fed 5, 15 
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Fig. 1. Daily growth coefficient (%) of L. vannamei juveniles fed different protein levels during SO days. 
Mean±S.E. (S.E. as a bar). Different letters denote slalistical difference.s atP<O.05. 
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Fig. 2. Mean oxygen coosumption (mg ~ h-1 
g-1 dw) of 1. vannamd tclated to feeding time and dietary protein 

level (%) (mean±S.E.). 

and 40 DPlkg BWd, respectively (P<O.05). In contrast, energy 10ss as waste prodocts 
calcolated as (H+UFl~(R+P) showed a reduction according to an increment in dietary 
protein with high values in shrimp fed 5 DPlkg BWd and low in shrimp fed 40 DPlkg 
BWd. Conseqoe:ndy (H+U) was 81%, 51 % and 6% of the ingested gross energy in 
shrimp fed 5, 15 and 40 DPlkg BWd (Table 2). 

The total energy content infeces increased accoroing lo dietary protein levels with low 
values in shrimp fed S DPlkg BWd (6.2 kJ g-1 dw) and bigh values in sbrimp red 40 DPI 
kg BWd (11.8 kJ g-1 dw). An intennediate value (Table 2) was recorded in shrimp fed 15 
DPlkg BWd (7 kJ g-1 dw) (P<O.05). 

3.2. Blood constituents, osmotic pressure and digestive gland glycogen 

An increase in hemocyanin (Fig. 3) and digestive gland glycogen (Fig. 4) was observed 
accoroing witb an increase in dietary protein leve} (P<O.05). Osmotic pressure was 00 

Fig. 3. Effect of die1aly protein level e'1Ó) on oxyhemocyanin of L.vannameJ fed. during 50 <!ays. Mean±S.E. 
DitTerent letfers denote statlstical ditTereru:e between treatments. 

V4. 
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Fig. 4. Efi'ect of dietary protein leve! (%) on digestive gland glycogen of L. WJntlQltld fed during SO days. 
Mean±S.E. Different letters denote slatistkal dift'erence between tJeaDnents. 
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Fig. S. Effect of dietary protein leve! (".4) on total and differentiated hemocytes of L. lItlrINlllld fed dwing so days. 
Mean±S.E. Different letters denote s1atistica1 dift'erence between treatments. 
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Fig. 6. Effect oí dietary pR.ltein level (%) on prophenoloxidase (ProPO) in hemocytes degranulated (A) and 
ProPO/granular celia ratio (ProPG'GC) (B) oí L. wwrallWi fed durina so days. Mean±S.E. Different leUera 
denote statiatical clifference between treatments. 
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Fig. 7. Effect oí dietary protein level (".4) on basal (A) and activated RlSpiratory burst (B) of L. vannamd fed 
during SO days. Mean±S.E. Difl'erent 1eUera denote statistical diffelence between trea1ments. 
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Fig. 8. Bffect of dielary protein level ('"A) hemaghuinating activity of L. WllfIIlIIfItd fed during 50 daY8. Mean±S.E. 
Dift'erent letters denote statistical diffenmce between trealmeots. 

affected by dietary protein level, for that reason, a mean value of 877 mOsmIkg can be 
calculated for all sbrimp used in the present study. 

3.3. Immu1Je c01Jditio1J 

Hemocytes concentration were afrected by dietary protein level with high values in 
shrimp fed 40 DPlkg BWd and low in shrimp fed 5 DPlkg BWd Intennediate values were 
observed in shrimp fed 15 DPlkg BWd (P<Ú.05) (Fig. 5). 

ProPO activity in degranulated ofhemocytes was affected by dietary protein level with 
low values in sbrimp fed 5 and 40 DPIkg BWd and high values in sbrimp fed 15 DPlkg 
BWd. When ProPO was expressed per granular ce11, a lower value was obtained in sbrimp 
red 40 DPl1cg BWd (P<0.05) (Fig. 6a and b). 

Basal and activated respiratory burst were atfected by dietaIy protein levels with 
low values in shrimp fed 5 DPlkg BWd and high values in sbrimp fed 40 DPlkg BWd 
levels (Fig. 7a and b). Activated respiratory burst of shrimp fed 5 and 15 DPlkg BWd 
did not show significant differences (P>O.05) with a mean value of 0.25 D0630 lIIIl 

(Fig 7b). 
A reduction of hemagglutinating activity (Fig. 8) was observed in accoroance with an 

increase in dietary protein levels with high values in shrimp fed 5 and 15 DPlkg BWd 
(mean value of2.58 Ulmg protein) and low values in shrimp fed 40 DP/kg BWd (1.51 UI 
mg protein). 

4. Discussion 

As expected, dietary protein level affected growth rate of L. VQ1J1Jamei juveniles 
promoting a high daily growth coefficient (%) in shrimp fed 40 DPlkg BWd Although 
a low OOC, in shrimp fed IS DPlkg BWd was expected, shrimp red S DPlkg BWd 
showed a small DGC and a high survival value (94%). This result is probably due to 
the fact that 5 DPlkg BWd dietary protein level 1S aboye the maintenance requirement 
reported by Kureshy and Davis (2002) (1.8-3.8 g DPlkg BWd). In this same sense, it 
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is not surpnsmg tbat shrimp fed 40 DPlkg BWd showed maximal DOC%, 
because tbat protein level is close to the one reported as the protein requirement for 
maximum growth for L. vannamei juveniles (43.4 g DPlkg BWd) (Kureshy and Davis, 
2002). 

Ingestion rate was increased according with a reduction in dietary protein level 
suggesting tbat sbrimp are adapfed to compensate tbose deficiencies tbrough an increment 
in fuod ingestion. That results indicate tbat sbrimp ingestion rate is modulated. by dietary 
protein content and consequently by amino acids as a SOW"Ce of energy and building bloclcs 
for protein syntbesis. In a recent study, Rosas et al. (2002) showed tbat sbrimp are well 
adapted to use protein as a source of energy demonstrating that L. vannamei have tbe 
capacity to synthesize dietary carbohydrates through the gluconeogenic patbway. AI
tboughin the present study, ing~ted amino acids could not be recorded, high ingestion 
rate of shrimp fed 5 g DPlkg BWd was not enough to compensate for dietaty deficiencies 
of such a dieto One explanation <lOuld be based on the energy invested in assimilation and 
metabolism of the ingested food. Al low dietaey protein Ievels, an increment in sbrimp 
ingestion tate could provoke an unnecessarily energy expenditure and at the same time a 
reduction of amino acid absorption related 10 faster tl8nsit of the ingested feed atIecting 
nutl'ient assimilation. A higher energyloss ftom waste products (H+U) was obtained in 
shrimp according lO reduction in dietary protein levels indicating tbat, etIectively, a higher 
proportion of ingested energy was 10Sl when shrimp were fed low (5 DPIkg BWd: 81% of 
intalce 1) compared to high díetaey protein (15 DPlkg BWd: 51% ofintake 1; 40 DPlkg 
BWd: 6% of intake 1). 

Resu1ts of this study suggest a higher assimilation and production efficiency (PIAs) 
obtained when sbrimp are fed 40 DPlkg BWd than fed 15 or 5 DPlkg BWd. At tbe same 
time, an inverse relation between R and respiratory efficiency (RlAs) in relation witb 
dietaty protein.levels was also observed. Acoording to Locas (1993), R is the sum of energy 
used for catabolism and anabolism ofbiological molecules and represents the energy used 
for basal metabolic rafe and routine metabolic rate (RRUT) and 10 process ingested food 
(RAm). Present results showed that R decreased acoording lo an increment in dietary protein 
levels, with high values in sbrimp fed 5 DPlkg BW d and low values in sbrimp .fed 40 DPlkg 
BWd, indicating that sbrimp fed 40 DPlkg BWd were metabolically more efficient because 
tbose shrimp usedless energy lo maintain rontine metabolic rate despite an increment in 
energy invested in RAHI' Consequently, energy available for growth was higher in sbrimp 
fed 4QO,4 protein than tbat obtained in sbrimp red 15 and 5 DPlkg BWd 

RABI. as part oí R, also known as specific dynamic action (SDA) has been asSOClated 
with a calorigenic etIect of food. This is a measurement of metabolic activity of post
absorptive processes following food ingestion (Beamish and Trippel, 1990). RABI in 
crustaceans depends on tbe quality, quantity and energetic component balance of food 
(Hewitt and Irving, 1990; Du-Preez et al., 1992; Rosas et al, 1996). Acoording lo present 
results, RAHI is possibly a response to dietary protein leve] in L vannamei witb a higher 
value in sbrimp red 4QO,4 protein tban that obsetVed in sbrimp fed 5 or 15 DPlkg BWd. 
Notwitbstanding tbat increment, RAHI value obtained in sbrimp fed 40 DPlkg BWd was 
only 4.5% of assimilated energy indicating a highly positive cost-benefit balance for 
shrimp. Studying four shrimp species (L. setiferus, L schmitti, R duoranun and F. 
notialis) Rosas et al. (1997) observed tbat RAHI increased according to dietary protein 

vv 
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leveI. 1n that study, an increment on post~prandial nitrogen exaetion was also observed in 
relation to an increment in dietary protein levels indicating that digestion and assimilation 
of protein could be the main contribution 10 RAHI, such as was observed in L. vannamei 
juveniles in the present study. 

A reduction in RJWT was observed according 10 an increment in dietary protein levels. 
1n RJWT• the energy used fur activity is included (Lucas, 1993). All experimental feeds 
were designed witb similar gross energy content Therefore, differences in dietary 
protein affected routine metabolism, indicating tbat foad energy content may not be 
tbe limiting factor of routine metabolism as intake of essential amino acids. Kureshy and 
Davis (2002) postulated that for L. vannamei juveniles fed 16% protein, fue poor growth 
observed is probably due 10 a latge quantity of feed that must be consumed 10 meet 
daily amino acids requirements. Taking into consideration tbe observation tbat tbe 
increased of RJWT observed in relation lO a decrease in dietary protein level can be 
explained as a result of an inaease in shrimp activity in an attempt 10 search and ingest 
more food 

An increasein OxyHc was observed witb an increase in dietary protein in.dicating 
tIlat shrimp accumulated protein as hemocyanin. L. vannamei are well adapted 10 obtain 
energy through protein metabolism although some energy can be lost through ammonia 
excretion (Rosas et al., 2002). That adaptation is related both with its limited capacity to 
store and pracess carbohydrates, and with the wide capacity 10 use protein fur glucose 
synthesis. As evidenced fur L. vannamei, gluconeogenic capacity was observed tbrough 
glycogen increase in digestive gland in relation 10 dietary protein level. Several studies 
have shown that shri.mp and crustaceans in general are well adapted to synthesize 
glucose through gluconeogenesis,a pracess that is induced by amino acid metabolism 
(Huggins, 1966; Vinagre and Da Silva, 1992; Cuzon et al., 2001; Rosas et al, 2001a). 
From that study and results obtained at present, it ls clear that a reduction in dietary 
protein level will affect essential amino acid. availability, glycogen synthesis and. growth 
rateo Glycogen is a source ofN-acetylglucosamine fur chitin syntbesis and ammo acids 
are building blocks for muscle growth (Carey, 1965; Stevenson. 1985). 

OxyHc is related to immune function along with its role as a nutrient and protein 
source. OxyHc has a fungistatic role (Destoumieux et al., 2001; Adachi et al., 2003) or can 
be converted in10 a ProPO-like enzyme. A reduction in immune function could be 
expected if shrimp were fed a su~optimal protein level, as in the present study, in 
conjunction with nutritional stress. A reduction in hemocytes was found when shrimp 
were fed su~ptimal dietary protein levels. Zymogens contained in hemocytes (ProPO 
system, peneidins, etc.) could aloo be reduced along with its activities, such as phagocy
tosis and coagulation (Bacbere, 2000; Johansson et al., 2000). A reduction in respiratory 
burst was observed indicating that su~ptimal dietary protein level affected cell numbers 
and their pbagocytosis capacity. When cells were stimulated, the respiratory burst of 
sbrimp fed 15 DPlkg BWd was similar to that observed in shrimp fed 5 DPIkg BWd, 
loosing up lo 800/0 of its cellular phagocytic capacity. 

Altbough a reduction in GCs was observed with a decrease in dietary protein level, at 
the same time a was change also observed in ProPO OC-1 concentration. Depending on 
dietary protein level, ProPO and OC showed different behavior. Shrimp fed 40 DPlkg 
BWd had an elevated concentration of hemocytes indicating that optimal dietary protein 
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levels promote blood cell synthesis. In cont:l'$t, shrimp fed sub-optimal protein had more 
ProPO per cell showing that shrimp could be enhancing the innnunological content ofthe 
hemocytes as a response of cell deficit induced by imbalanced die1ary protein. A similar 
response was observed in L. setiferus adults (Pascual et al., 2(03). In tIlat study, shrimp 
exposed at an extreme temperature, responded by increasing ProPO per OC when a 
reduction in hemocytes was observed. 

In a similar manner, hemagglutinating activity increased according to dietary protein 
level, showing tbat a compensatory mechanismrelated witb lectin activity could be also 
operating. Several hypotbesis can be addressed. Hemocyte Iysates have shown high lectin 
specific activity in lobsters, shrimp and crabs and hemocytes are proposed as site of 
syntbesis for serum lectins (Cassels et al., 1986). If lectins are syntbesized in hemocytes 
and these are less concentrated in shrimp fed sub-optimal protein concentrations tIlen one 
can explain tbe hemagglutinating activity increment in the same form tbat the increment of 
ProPO pea- cel1 was explained: Shrimp could synthesize more lectins, promoting a higher 
hemagg1utinating activity as a result of a reduction in hemocytes concentration. Another 
hypothesis could come from the fact tbat lectins could change in activity according 10 
nutritional status of shrimp. In this hypotbesis, lectins could become less active in optimal 
dietary protein. levels to highly active an sub-optimal dietaty protein level, following the 
same strategy of compensationobserved in ProPO behavior. A mechanism ofisoenzymes 
that are activated by plasma protein. could be a possib1e mechanisms ro activate enzymes. 
A thini hypothesis could be related to tbe role of lectins as gIyooprotein transporter 
(Zenteno et a1., unpublisbed data). In sbrimp fed optimal diefary protein level, lectins 
could be involved in both hemagg1utinating and transportation role, taking into account 
tbat witb this diet, plasma proteins are elevated and part oftbe lectins are sequestered to be 
used as transported. In contrast, in shrimp fed sub-optimal dietary protein levels where 
plasma protein are reduced, ]ess lectins oould be sequestered as transported permitting the 
rest of lectins serve as hemagglutinating molecule and sbowing an apparently higher 
activity. 

Notwitbstanding tbe compensaroxy mecbanism used by L. vannamei ro respond to 
nutritional stress,results suggest tIlat sub-optimal dietary pTotein leve! produced not only 
a reduction in growtb rate tbrough an increment in respiratory metabolism but also a 
reduction ininnnune cap8Cities vía a reduction of OxyHc, hemocytes concentration and 
pbagocytosis capacity. In tbis context, it seems tbat the high protein requirement for 
maximum growth reported by Kuresby and Davis (2002) is related 10 physiological 
adaptations oC L. vannamei to use protein as a main nutrient (Rosas et al., 2(02). 
Actually, tbe shrimp industry is ttying 10 reduce the dietaty protein content in an attempt 
to reduce production costs. There are many evidence tbat demonstrate tbat tbe protein 
requirement of L. vannamei (one of tbe most worldwide cultivated. sbrimp species) is 
higher 1han 35% Pe. The main. reason is tbat this sbrimp species is well adapted to use 
protein as a souroe of energy and molecules for growth and for its innnune system 
(among other physiological functions). A reduction in dietary protein levels witbout 
other considerations in shrimp culture (Le., livi.ng food management, water excbange, 
sbrimp density, etc.) could reduce tbe shrimp production on fanns via a reduction on 
biomass production as a result of lower innnune condition and, consequently, in the 
health of shrimp. 
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Capítulo 4 

Cambios bioquímicos, fisiológicos e inmunológicos en 

los juveniles de Litopenaeus vannamei durante un 

periodo de inanición de 21 días. 
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Absfracf 

In an attempt to know how the protein level modulates catabolism and its effects 

on the immune response, we studied juvenile L. vannamei that had been starved 

for varying period after being conditioned on diet containing either maintenance 

or optimal dietary protein levels (DPL). The effect of dietary protein level on 

nutritional reserves management of shrimp and its relation with immune condition 

was also addressed. Juvenile shrimp were fed for 21 days on diets containing 5 

and 40% dietary protein. Hemolymph metabolites (glucose, cholesterol. protein, 

acylglycerols, and lactate), hemocyanin, osmoregulatory capacity, digestive 
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gland glycogen and lipids, and immune conditions (hemocytes characterization, 

phenoloxidase activity, respiratory burst: basal and activated) were evaluated 

and considered as initial condition. After that time, shrimp were starved for 21 

days. During starved time every 7 days nutritional, physiological and 

immunological condition were evaluated. A reduction in all physiological ond 

immunological indicators was observed with starvation. The protein level of the 

conditioning diet had a significant effect on this response; generolly, the effect 

was smaller with shrimp previously fed 40 % dietary protein. In this sense the present 

results demonstrate that shrimp are well adapted to tolerate food deprivation for 

some time but that this tolerance is closely related to its previous nutritional 

condition. In the cose of shrimp fed 40% DPL, wet weight, nutritional and immune 

condition wos significantly affected after 14 days of storvation. In shrimp previously 

fed 5% DP, tolerance to starving condition was limited to only a few doys (7 days) 

as a result of low reserves of circulotory and mussel proteins. AII these results 

demonstrate that dietary protein levels can governor the immune condition of 

shrimp through the management reserves metabolism, indicating that a shrimp 

with a good nutritional condition can tolerate until 14 days without modify the 

evaluated immune responses. In this sense it can be conclude that protein 

metabolism have a central role for shrimp. 

Keywords: Litopenaeus vannamei, starvation, physiologicol condition, 

immunological condition, blood metabolites. 

1. Introduction 

In the last 20 years world shrimp production has been increasing mainly in the area 

dedicated to juvenil e growth. The increment of stocking densities and 

environmental changes inside and outside farms has been affected the 

production negatively mainly due at sickness problems (Bédier et al., 1998; 

Bachere, 2000). In this sense, health indicators together with the knowledge of the 

immune system are considered as the key to understand and eventually to avoid 
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shrimp's health problems (Bachére et al.. 1995b; Lightner. 1999; Rodríguez y 

LeMoullac. 2000). 

In shrimp. nutritional and immunological conditions are closely related (Bachere et 

al.. 1995; Yepiz-Plascencia et al.. 2000a; Adachi et al.. 2003). The biochemical 

characterization of molecules with an immunological role has demonstrated that 

many of these molecules are proteins associated with hemocytes (Chen y Cheng. 

1993a; Le Moullac y Haffner. 2000b; Destoumieux et al.. 2001). Several studies 

indicate that dietary protein is the regulatory nutrient beca use shrimp energy 

balance. physiological and immune conditions depend mainly on proteins (Rosas 

et al.. 2002; López et al.. 2003). Recent research demonstrated that shrimp fed with 

40% dietary protein level were energetically more efficient than those fed with 15 

or 5% dietary protein levels. A lower respiratory metabolism and. in consequence. 

a higher retained energy was observed in shrimp fed high dietary protein levels 

than with low levels (Pascual et al.. 2004a). At the same time. it was observed that 

shrimp fed 40% dietary protein levels showed a better immune condition than 

shrimp fed lower dietary protein levels. These results confirm the high protein 

requirement reported before. Le .. more than 32% dietary protein level (Kureshy y 

Davis. 2002). agree with the previously reported ability of shrimp to use dietary 

protein as the main source of energy (Teshima. 1998; Rosas et al.. 2002). It has 

been demonstrated that shrimp can synthesize carbohydrates (CHO) through the 

glycogenic pathway. evidencing that protein metabolism is the main source for 

glycogen and glucose synthesis in L. stylirostris. L. setiferus. L. vannamei. and other 

crustacean species (Da Silva y Kucharski. 1992; Rosas et al.. 2000; 2001 a). 

According to Barclay et al.. (1983) and Dall and Smith (1986). muscle protein is the 

main protein reserve during starvation periods. Hemocyanin has been proposed as 

a reserve protein molecule for shrimp. Cuzon and Ceccaldi (1971) observed in 

Penaeus keraturus a qualitative and quantitative reduction of blood protein after 

four weeks of privation of food. Electrophoresis results showed a reduction in the 

number of hemocyanin bands and its thickness during starvation periods. ascribed 
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hemocyanin a role as protein reserve. In a previous research with L. vannamei, we 

observed that hemocyanin changes with the nutritional status of shrimp showing 

high or low values according to direct changes in dietary protein levels (Rosas et 

01.,2001 b; 2002). 

According to Kureshy and Davis (2002) and Pascual et al. (20040), 5% of dietary 

protein level is dose to the protein maintenance requirement for L. vannamei, 

whereas a 40% dietary protein level (DPL) is dose to the optimal level. Although at 

this time there are no research reports that demonstrate that dietary protein could 

modulate the immune condition during periods of fasting or starvation; it is possible 

that shrimp previously fed a diet with optimal protein content will show a better 

immune condition than obtained in shrimp previously fed sub optimal dietary 

protein levels. In order to known the role of dietary protein on reserves metabolism 

and its consequences in immune condition of shrimp, the aim of this study was to 

determine the effect of starvation condition on L. vannamei shrimp previously 

conditioned at low (5% DPL) and optimal (40% DPL) dietary protein levels. The 

effect of both dietary protein levels on hemolymph metabolites, digestive gland 

glycogen, and immune condition of starved shrimp during 21 days are presented. 

2. Materials and methods 

2.1 Anima/s and experimental conditions 

A group of 80 shrimp (8.85 ± 0.42 9 wet weight) was used in this experimento 

Litopenaeus vannamei were obtained from Pecis Industries S.C., in Yucotan, 

Mexico. Shrimp were reared for 21 d in 300-1 tanks (1 m2; 13 shrimp for tank) and fed 

different protein levels: 5 and 40%. Three tanks were randomly assigned to each 

treatment. Photoperiod was 12h:12h, water temperature was 28 ± 1°C; dissolved 

oxygen, >5.0 mg/I; salinity, 33 ~oo; the pH ranged from 7.9 to 8.2. Exuvia in tanks 

were registered daily. The amount of feed was divided in three rations a doy (0800, 

1400, and 2000 h). Uneaten feed particles and feces were removed once a doy 

by siphoning. Shrimp were fed at 10% body weight during 21 days conditioning 
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periodo After that time, wet weight, some hemolymph components and digestive 

gland reserves (glycogen and total lipids), were evaluated in shrimp fasted by 12 

h. At this time fifteen shrimp per treatment were sacrificed and considered as initial 

levels (Five shrimp per tank/treatment). The remaining of the shrimp was not fed for 

another 21 days periodo During this time 7- 8 shrimp per treatment were sacrificed 

every 7 days in the same way (2-3 shrimp per tank/treatment). To minimize 

cannibalism that could compromise the starvation experiment, tanks were 

reviewed during the day and dying or dead shrimp were removed immediately. 

Table 1 Composition of the experimental diet (g kg-1). 

Ingredients 

Anchovy fish meal' 
Squid meal2 

Soy bean meal 
Native wheat flour3 

Soy bean lecithin3 

Cod liver oild3 

Cholesterol 
Vitamins mixa 

Rovimix Stay-Cb 

Mineralsc 

Filler 4 

Alginate Na 
Crude protein (%) 

Crude lipids (%) 
CBH(%) 

Ash % 
Total energy (kJ g.1) * 

Dietary protein 
5% 40% 
56 450 

12.5 100 
22.5 180 
609.1 192.8 

20 20 
43 22 
2 20 
17 

0.286 
8 

199.6 
10 
5.6 
10 
61 
23 
16 

17 
0.286 

8 
O 
10 
40 
10 
19 
9 
16 

a Vitamin premix without vitamin C, provided by Agribands de México. 
b Ascorbyl phosphate (Stay-C-35% Roche). 
e Mineral premix provided by Agribands de México. 
lCORPESCA SUPERPRIME (Chilenean Fish meal, steam dried). 
2 Squid mea! (Loligo sp. From Gulf of México) 
3 Droguería Cosmopolita, México,4 Cellullose. 
Estimated from Cuzon and Guilleau (1987) whit the following coefficients: 21.3, 
17.6 and 39.5 kJ g-l for protein, carbohydrates and lipids, respectly. 
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2.2 Preparation of diets 

The experimental diets were prepared by thoroughly mixing dry ingredients with oH 

and then adding water until a dough stiff resulted (Table 1). This was then passed 

through a meat mincer with a die, and the resulting spaghetti-like strings were air

dried at 60°C for 24 h. After drying, the material was broken up and sieved to a 

convenient pellet size and stored at -4 oC. 

2.3. Hemo/ymph metabo/ites, osmotic pressure and mo/t. 

Measurements of blood constituents were made from samples taken from 

conditioning period and every 7 days during starvation periodo Before sampling, 

shrimp were placed in pre-chilled (23°C) and aerated seawater for 5 min to 

reduce the effect of manipulation before hemolymph extraction. Hemolymph 

(approximately 300-500 IAI per shrimp) was individually sampled through o pre

chilled syringe needle inserted at the base of the fifth pereiopod. Hemolymph was 

diluted immediately with pre chilled (8°C) anticoagulant (450 mM NaCl, 10 mM 

KCI, 10 mM HEPES, 10 mM EDTA-Na2, pH 7.3, 850 mOsm kg-1; 1 :2) according to 

Vargas-Albores et al.(1993a). Hemolymph plus anticoagulant was centrifuged at 

800 9 for 3 min at 4°C, and the supernatant was separated for plasma 

determinations. The cellular pellet from each blood sample was re-suspended in 

300 IAI of sodium cacodylate buffer (Cae, 10 mM cacodylate, 10 mM CaCb, pH 

7.0) and newly centrifuged at 6000 9 for 3 min to be used as ProPO source 

(Hernández-López et al., 1996). 

Commercial kits were used for lactate (Sigma-cat. 735), glucose (GH) (Bayer Sera 

Pak Plus BOl 4509-01), acylglycerol (Bayer Sera Pak Plus BOl 455101), and 

cholesterol (Bayer Sera Pak Plus BOl 4507-01) assessments. Determinations were 

adapted to a micro plate using 10 ¡.JI of plasma and 200 ¡.JI of enzyme chromogen 

reagent. Absorbance was recorded in a micro-plate reader (Biorad 550) and 

concentrations were calculated from a standard substrate solution. Plasma was 

further diluted 1:101 for protein determination by the Bradford (1976) technique 
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adapted to a micro plate method using commercial chromogen reagent (Biorad, 

Cato 500-0006) with bovine serum albumin as the standard. 

Osmotic pressure of the hemolymph and water was measured in a micro

osmometer with 20 Jl.1 sample per titration (3 MO-PLUS; Advanced Instruments, Inc. 

USA). The osmotic capacity (OC) was defined as the difference between osmotic 

pressure of hemolymph and the externa I medium (Lignot et al., 1999). The 

individual weight (± 0.05 g) was recorded, and molting stages were determined 

using uropod characteristics (Drach y Tchernigovtzeff, 1967). Only shrimp in inter

molt stage (C stage) were used for statistical analyses. 

2.4. Oxyhemocyanin 

For hemocyanin (OxyHc) measurements, 10 Jl.1 hemolymph was immediately 

diluted with 990 Jl.1 distilled water in a lO-mm cuvette, and absorbance was 

measured at 335 nm. Hemocyanin concentration was calculated using an 

extinction coefficient of E = 17.26 calculated on the basis of the 74000 Da 

functional subunit (Chen y Cheng, 19930). 

2.5. Glycogen in digesfive g/and 

Glycogen in the digestive gland (GD) was extracted in trichoroacetic acid (TCA) 

and determined through the reaction with sulfuric acid and phenol (Dubois et al., 

1965). The digestive gland was dissected and a section was weighed (20-30 Jl.g) 

and homogenized in trichloroacetic acid (TCA 5%) for 6 min at 8,000 9 (Micro 

Centrifuge Eppendorf 5415). One hundred Jl.1 of supernatant was pipetted into a 

tube and mixed with 5 volumes of 95% ethanol. Tubes were placed in an oven at 

37-40°C for 3 h. After precipitation, the tubes were centrifuged at 3,340 9 for 15 

mino The supernatant was discarded leaving the glycogen as a pellet; by adding 1 

mi concentrated sulfuric acid, and 200 Jl.1 phenol (5%) glycogen was dissolved. 

From the mix, 200 Jl.1 was transferred to a microplate and read at 490 nm in an 

ELlSA reader (Biorad 550). Total weight of the digestive gland was also recorded. 
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2.6 Tota//ipids in digestive g/and 

Total lipids in the DG were evaluated according to Folch et al. (1957); 1 9 of tissue 

was homogenized with a Teflon tip in 20 mi of a chloroform/methanol (2:1) solution 

at 500 rpm for 2 mino The whole mixture was agitated during 15-20 min in an orbital 

shaker at room temperature. The homogenate was filtered through a funnel with a 

folded filter paper to recover the liquid phase. Samples were washed with 

methanol- H20 solution and placed into the separation funnel until obtaining two 

layers. The chloroform-lipids fold was recovered and placed under a desiccation 

hood at 60°C with an air current to complete evaporation. The total lipid quantity 

was expressed as mg g-l of tissue. 

2.6/mmune condition 

Since the ProPO system can be activated by endotoxins, 011 glassware was 

washed with E-Toxa-Clean@ and 011 solutions were prepared using pyrogen-free 

water. 

2.7 Phen%xidase activity. 

A sample of 40 ¡JI of re-suspended sample containing degranulated hemocytes 

was incubated for 3 min at 25 oC with 40 ¡JI trypsin type IX (0.1 mg ml-1). Then, 40 ¡JI 

L-DOPA (3 mg/ml) was added and incubated for 10 min (Hernández-López et al., 

1996). Absorbance was measured at 490 nm in an ELlSA reader (Biorad 550). 

2.8 Hemocytes 

A sample of 35 ¡JI hemolymph was mixed with Alsever solution (113 mM glucose, 

27.2 mM sodium citrate, 2.8 mM citric acid, 71 .9 mM NaCl) and 10% formaldehyde 

(v/V) . This sample was stored in a refrigerator until analysis (8°C). Hemocytes were 

counted with a Malassez chamber. Cellular characterization was done taking into 

account size, shape, and granular content of the cells (Pascual et al., 2003). 
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2.9 Respiratory burst 

Intracellular production of the super oxide anion in hemocytes was quantified 

using the NBT (Nitroblue Tetrazolium) reduction to formazan (Song y Hsieh, 1994). 

Fifty microliters of hemolymph diluted in Alsever solution (1:1) was placed in a well 

of microplate (for triplicate) and centrifuged at 800 X 9 for 10 mino Plasma was 

removed and hemocytes washed with 100 IlL Hank's solution. Next, 100 IlL 

Zymosan (0.1% in Hank's solution) was added and incubated for 2 h at room 

temperature. The zymosan was then removed and hemocytes washed three times 

with 100 III Hank's solution and stained for 30 min with NBT solution (0.3%) at room 

temperature. After fixed hemocytes were washed three times with 100 III methanol 

(70%) and dried for 5 mino Formazan was dissolved with 120 III KOH and 140 III 

DMSO, and absorbance was read at 630 nm using a microplate reader (Biorad 

550). 

2.10 Statistica/ ana/yses 

A two way ANOV A test was applied to growth rate, blood and digestive gland 

results, as well as to the immunological parameters. A probability level of 0.05 was 

used to assess significance in 011 measured parameters (Zar, 1974). 

3. Results 

3.1. Shrimp and digestive g/and weight 

At the start of starvation period, there was a significant difference between the 

wet weight of shrimp in both treatment, with a higher weight of those fed 40% 

dietary protein level (DPL) (9.8 ± 0.44 g) than of those fed 5% DPL (7.9 ± 0.4 g) (P < 

0.05). The reduction of wet weight with starvation was faster in shrimp previously 

fed 5% DPL than in shrimp fed 40% DPL. The mean wet weight of shrimp fed 40% 

DPL did not show statistical differences until day 21 of starvation whereas wet 

weight of shrimp previously fed 5% DPL showed significant differences at day 7 of 

starvation (Fig. 1). A reduction during the starvation in digestive gland weight was 

observed with both treatments (Fig. 1). During the conditioning period survival was 
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94 and 96%, 5 and 40% DPL, respectively. During the 21 days of the starvation 

period only one death was registred in the 40% DPL treatment and was observed 

at the last day of the experimento 

3.1. Hemolymph mefabolifes and osmofic capacity 

Dietary protein level affected hemolymph protein concentration of shrimp during 

the conditioning period, with high volues in shrimp fed 40% DPL and low values in 

shrimp fed 5% DPL (P < 0.05; Fig. 2). As a consequence a higher protein 

hemolymph concentration was also observed during the starvation period in 

shrimp fed 40% DPL, as compared to shrimp previously fed 5% DPL. A decrease in 

hemolymph protein concentration was observed during the starvotion period with 

low values at day 14 in shrimp fed with either dieto At doy 21 of the storvotion 

period an increment in hemolymph protein concentration wos observed in shrimp 

fed previously with 5 and 40% DPL, respedively (Fig. 2). 
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Fig. 1 Wet weight and digestive gland weight of L. vannamei juveniles maintained in 
starvation condition for 21 days and previously fed with 5 or 40% protein diet for three 
weeks. Mean2:.S.E. Different letlers show statistical differences at P<0.05. 
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A 28% higher oxyhemocyanin (OxyHc) level was observed in shrimp fed 40% DPL as 

compared to shrimp fed 5% DPL (P < 0.05: Fig. 2). During the starving period, OxyHc 

diminished with time with the lowest value at day 21. At the end of the experiment, 

a 71 and 63% reduction in OxyHc levels were observed in shrimp previously fed 50r 

40% DPL, respectively (P < 0.05). 
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Fig. 2 Blood protein and hemocyanin concentrations of L. vannamei juveniles maintained 
in starvation condition for 21 days and fed previously with 5 or 40 % protein diet for three 
weeks. Mean±S.E. Different letlers show statistical differences at P<0.05. 

Hemolymph glucose was not affected by the conditioning diets. A mean value of 

0.51 mg ml-1 was obtained from shrimp after 21 days fed either 5 or 40% DPL (Fig. 

3a). In contrast, during the starvation period, glucose levels decreased 

differentially depending on the conditioning diet with a faster decrease in shrimp 

fed 5% DPL than in shrimp fed 40% DPL (Fig. 3a). In shrimp previously fed 5% DPL, 

hemolymph glucose was reduced by 57% at day 7 of starving whereas, in shrimp 

fed 40% DPL, glucose concentration was similar to that obtained before the 
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starvation periodo At the end of the experiment, shrimp from both treatments 

showed similar hemolymph glucose levels (mean value of 22.5 mg ml-1) but 55% 

lower than before the starvation period (Fig. 3a). 

Lactate concentration in shrimp form both treatments did not show statistical 

differences between treatments and starvation time. However shrimp previously 

fed 5% DPL showed a tendency to lower levels in comparison to that observed in 

shrimp previously fed 40% DPL. 
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Fig. 3 Glucose, cholesterol, acylglycerol, and lactate concentrations in blood of juveniles of 
L. vannamei maintained in starvation condition for 21 days and fed previously with 5 or 
40% protein diet for three weeks. Mean±S.E. Different letters show statistical differences 
at P<0.05. 
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At the end of the conditioning period (day o of starvation period) acylglycerol 

concentration in the hemolymph (AG) was not affected by the experimental diets 

(Fig. 3c). During starvation period a mean reduction in AG of 53% was observed in 

shrimp from both treatments (P < 0.05). A logarithmic reduction in hemolymph 

cholesterol concentration was observed over the starvation period with low values 

at day 14 and 21 with both treatments (Fig. 3b; P < 0.05). 

Osmotic pressure (OP) and osmoregulatory capacity (OC) were not significantly 

affected during starvation of shrimp fed 5% PDL (Fig. 4). In contrast. shrimp fed 40% 

DPL showed a strong variation in OC with low values at 7 and 21 starving days and 

high values at the beginning and at day 14 of the starving period (P < 0.05; Fig. 4). 
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Fig. 4 Osmotic Pressure of L. vannamei juveniles maintained in starvation condition for 21 
days and fed previously with 5 or 40 % protein diet for three weeks. Mean±S.E. Asterisk 
shows statistical differences at P<0.05. 

3.2. Digestive g/and g/ycogen and tota//ipids 

Digestive gland glycogen (DGG), was not affected by the dietary protein level 

during both starving and feeding periods. A significant increase on 21 starving day 

was observed in both treatments which resulted 58 and 80% higher levels than 

observed in shrimp fed 5 and 40% DPL, respectively (P < 0.05; Fig. 5). In contrast. a 
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redudion in digestive gland totallipids (DGTL) was observed with both treatments 

since day 7 to the end of the starvation period (P < 0.05; Fig. 5). 
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Fig. 5 Glycogen and total lipids in the digestive gland of L. vannamei juveniles maintained 
in starvation condition for 21 days and fed previously with 5 or 40 % protein diet for three 
weeks. Mean±S.E. Different letlers show statistical differences at P<0.05. 

3.3. Immune condition 

Total hemocytes (TH) were not affeded by the conditioning diet before the 

starvation periodo A mean value of 26,204 cells mm-3 was obtained at time O for 

shrimp from both treatments (Fig. 6a). A reduction in TH with starvation was 

observed in shrimp previously fed 5% DPL. At day 21, TH (8,550 cells mm-3) were 48% 

lower than at the beginning of the starvation period (P < 0.05, Fig. 6a). In shrimp 

fed 40% DPL, TH were maintained constant between days O to 7 of the starvation 

period with a mean value of 27,900 cells mm-3• A reduction in TH was observed at 

day 14, reaching the lowest value at day 21 (12.400 cells mm-3). This value resulted 

55% lower than that observed in shrimp before the starvation period (P < 0.05; Fig. 

6a) . 
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Dietary protein content did not affect granular cell (GC) concentration (Fig. 6b). A 

reduction in GC with starvation was observed in shrimp previously fed 5% DPL 

whereas in shrimp previously fed 40% DPL, they remained almost constant during 

the first 7 days of starvation. After that time. a decrease in GC was observed with 

the lowest value recorded at day 21 (P < 0.05; Fig. 6b). The lowest values were 33 

and 55% of those observed before the starvation period in shrimp fed 5 and 40% 

DPL. respectively. 
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Fig. 6 Total hemocytes, granular and hyaline cells of L. vannamei juveniles maintained in 
starvation condition for 21 days and fed previously with 5 or 40 % protein diet for three 
weeks. Mean±S.E. Different letters show statistical differences at P<0.05. 

Hyaline cells (HC) followed a similar trend as TH with a decrease in concentration 

directly related with the starvation time in shrimp fed 5% DPL whereas. in shrimp fed 

previously 40% DPL. their concentration was maintained constant for the first 7 days 

of the starvation period (Fig. 6c). 
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Fig. 7 Phenoloxidase activity in degranulated hemocytes of L. vannamei juveniles 
maintained in starvation condition for 21 days and fed previously with 5 or 40 % protein 
diet for three weeks. Mean.±S.E. Different letters show statistical differences at P<0.05. 

At the star of the starvation period, similar phenoloxydase (PO) activity was 

observed in shrimp of both treatments (Fig. 7). However, in shrimp fed 5% DPL a 

decrease in PO activity was found during the starvation periodo The low value 

registered at day 21 was 22% aboye that before the starvation period (P < 0.05, Fig 

7). In contrast. in shrimp fed 40% DPL PO activity was maintained without changes 

until day 7 after that a decrease was found (Fig. 7). The low value observed at day 

21 corresponded to 26% of that before the starvation periodo Respiratory burst 

(basal: BRB, and activated ARB) showed a similar behavior of PO activity; similar 

values at the beginning of the starvation period and different values during 

starvation periodo Basal and activated respiratory burst in shrimp fed 5% DPL 

decreased with the starvation time, whereas in shrimp fed 40% DPL, they remained 

stable during the three weeks of starvation (Fig. 8). 
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Fig. 8 Respiratory burst (basal and activated) in hemocytes ot L. vannamei juveniles 
maintained in starvation condition tor 21 days and ted previously with 5 or 40 % protein 
diet tor three weeks. Mean±S.E. Different letters show statistical differences at P<0.05. 

4. Discussion 

After the first 21 days of the conditioning diets, wet and digestive gland weight. 

protein hemolymph and oxyhemocyanin concentration were significantly higher in 

shrimp fed 40% DPL than in shrimp fed 5% DPL. These results are agree with other 

works that show that 40% DPL is near the optimal level and 5% DPL is aboye the 

minimum dietary protein level required by L. vannamei (Kureshy y Davis, 2002; 

Pascual et al., 2004c). 

None exuvia was recovered during starvation period in both treatments indicating 

that shrimp can compensate food deprivation using energy that normally is used 

to exuviation. Stuck et al.( 1996) and Comoglio et al. (2004) observed the inhibition 

of molting in response to starvation in L. vannamei shrimp. They concluded that 
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shrimp are adapted to tolerate starvation, saving energy from exuvia, including 

the energy challenged to mobilize reserves, chitin digestion, and exuviations. 

The influence of starvation on protein, fat. and carbohydrate metabolism has 

been investigated previously in shrimp and other crustacean species. In those 

studies, 011 authors concluded that protein is the main metabolic substrate during 

starvation conditions. Dall and Smith (1986), showed that the free omino acid pool 

(FAP's) in Penaeus esculenfus shrimp is the core of metabolic activity during food 

deprivation. Vinagre and Da Silva (1992) showed that starved Chamagnafhus 

granulafe crab previously fed with a high protein diet were able to maintain a 

higher glucose concentration and glycogen in the digestive gland (DGG) than 

crabs previously fed with a carbohydrate-rich diet evidencing that protein 

accumulation promoted a more effective gluconeogenic pathway than 

carbohydrates. 

The reduction of nutritional reserves during starvation in either blood or tissues has 

been observed in several crustacean species and has been used as an indicator 

of how nutrients are metabolized. According to the present results, the way in 

which reserves were used depended on the dietary protein level previously used 

as shrimp food. According to Rosas et al. (2002), protein levels modulate the use of 

energy in shrimp because proteins are the main nutritional reserve. However, 

shrimp hove a limited but effective lipid and CHO metabolism that is used 

according to specific energetic and/or physiological, and/or structural demands 

that are closely linked with the way in which shrimp use their own protein reserves 

(Charmantier et al., 1994; Teshima, 1997). 

The results obtained in the present study demonstrate that the dietary protein level 

can modulate the way in which lipids are used as energy source, when the food 

supply is limited or absent. In shrimp, previously fed 5% DPL, together with protein, 

lipids were used during the first 7 days of starvation as a source of energy, while in 

shrimp previously fed 40% DPL, lipid reserves were used in the same period for 
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glycogen and glucose synthesis producing an increase in digestive gland 

glycogen and blood glucose. That results could means that shrimp are tolerate 

food privation, in first instance, thought lipids catabolism. 

Similar results were obtained in juvenile L. vannamei fed 35% DPL by Comoglio et 

al.(2004). A high rate of lipid metabolism between days 3 and 9 of starvation 

indicated that B-oxidation of lipid reserves occurs first, permitting shrimp the use of 

lipids as energetic substrates followed by proteins. In the crab Chasmagnahtus 

granulate, carbohydrate and lipid reserves of the DG decreased to near depletion 

after 8 weeks of food deprivation indicating that newly lipid reserves are 

exhausted before protein (Vinagre and Da Silva, 1992). In another study, lipid 

composition of tissues in Litopenaeus vannamei exposed to a non-terminal food 

deprivation (17 days) revealed that only muscular polar lipids were consumed; 

whereas, al! lipid reserves of the digestive gland were utilized to near depletion, 

confirming that digestive gland lipids are the most important pool of fatty acid 

reserves during the first days of starving period (Pérez-Velazquez et aL, 2001). 

In the present study, a lowest DG weight was observed during the first and second 

week of starvation when glycogen concentration in the DG changed in shrimp fed 

with either diet protein level. Shrimp previously fed 5% DPL showed a constant 

reduction of DG glycogen but a significant increase in the last week of starvation; 

whereas, in shrimp previously fed 40% DPl, glycogen presented two peaks in the 

second and last weeks of the starvation periodo These results could be revealing 

the synthesis of glycogen from different metabolic pathways: during first 7 days 

and in shrimp fed 40% DPL glycogen could be obtained from lipids and 

hemolymph proteins catabolism. At the end of the starvation period glycogen 

could be obtained from protein when muscle proteins were transferred to blood to 

be processed in digestive gland via gluconeogenesys pathway (Kucharski y Da 

Silva, 1991; Vinagre y Da Silva, 1992; Oliveira y Da Silva, 1997). This hypothesis 

explains the source of high protein hemolymph concentration in shrimps of both 

treatments at day 21 of starvation periodo 
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In shrimp fed previously 5% DPL, glycogen reserves were depleted fast, evidencing 

that hemolymph reserves were not enough to compensate the starvation 

conditions, inducing the use of muscle reserves from the first starvation week. In this 

context, the constant titer of glucose and lactate during this last experimental 

part, suggests that the metabolic pathways are mainly regulated by protein 

catabolism in shrimp tissue via crustacean hyperglycemic hormone (CHH). (Santos 

y Nery, 1897) and Santos and Keller (1993) observed that CHH levels in the crab 

Carcinus maenas might be controlled by positive and negative feedback loops 

modulated by lactate and glucose respectively stimulating glycogenolysis (i.e., 

lactic acid formation from glucose) or inhibiting glycogen synthesis and finally 

controlling the glycogen metabolism (Lüschen et al., 1993). 

Most studies on nitrogen metabolism during starvation of decapods indicate that 

total protein values generally show a significant reduction, confirming that shrimp, 

as other crustaceans, are well adapted to use protein as a source of energy 

(Claybrook, 1983). Results obtained in different starved shrimp species have 

suggested that the main mechanism used by shrimp to obtain energy is through 

the catabolism of the free amino acid pool (FAAP) (Cuzon et al., 1980; Dall and 

Smith, 1986,(Cuzon y Guillaume, 1987; Comoglio et al., 2004). In this pathway, 

amino acids, such as glutamic acid, glycine, and alanine, could feed into the 

glycolytic pathway or the TCA cycle, producing the energy needed during fasting 

periods such as has been observed in other crustacean species (Kucharski y Da 

Silva, 1991; Vinagre y Da Silva, 1992; Oliveira y Da Silva, 1997).lf these mechanisms 

are working in L. vannamei, those findings could explain why the osmoregulatory 

capacity and osmotic pressure was maintained without significant changes during 

starvation: amino acids were used as a source of energy and were used also to 

maintain the osmotic pressure of shrimp. 

Although in both experimental groups there was a reduction in oxyhemocyanin 

concentration (OxyHc), shrimp previously fed 40% DPL maintained OxyHc 

concentrations significantly higher than shrimp fed previously with the low protein 
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dieto These results indicate that dietary protein level modulated the protein 

reserves accumulated in hemocyanin and many other physiological functions in 

which participates. Hc has been identified as oxygen transporter, storage protein, 

osmolyte, and ecdysone transporter (Cuzon et aL, 1980; Pascual et aL, 2004c). 

Besides, Hc could play an important role in immune reactions like the precursor of 

anti-fungal peptides (Destoumieux et aL, 2001) and the phenoloxidase-like enzyme 

(Adachi et aL, 2003). Based on the aforementioned, several authors have 

proposed that Hc could be a useful field tool to measure crustacean health and 

nutritional condition or to identify when shrimp nutrition is deficient (Spicer y Baden, 

2000; Rosas et aL, 2004; Pascual et aL, 2004b). 

The shrimp immune system has a solid protein base; some of them are protein 

involved in recognizing foreign agents (Vargas-Albores y Yepiz-Plascencia, 2000). A 

clotting protein is involved in engulfing foreign invading organisms and prevents 

blood loss upon wounding (Hall et aL, 1999; Montaño-Pérez et aL, 1999). Defense 

reactions in shrimp are often accompanied by melanization; prophenoloxidase 

activating system are associated with oxidation of phenols to quinones leading to 

synthesis of melanin (Sritunyalucksana y Soderhall, 2000). Conversion of ProPO to 

PO occurs through a serine protease called prophenoloxidase-activating enzyme 

(ppA) regulated by another protein, -2 Macroglobulin, a trypsin inhibitor 

(Perazzolo y Barracco, 1997). The innate immune response of shrimp also relies 

upon the production, in hemocytes, of antimicrobial peptides called peneidins 

(Destoumieux et aL, 2001). In consequence, it is not surprising that shrimp fed with 

an optimal protein diet presented significantly higher values of immune variables, 

before and after the food deprivation periodo 

Movement of reserves and immune variables of shrimp fed either diet before 

starvation suggest a strong association between catabolism of protein and 

immune depression. The metabolic effort to compensate a long period of food 

deprivation, at expense mainly of protein catabolism, compromised the immune 

condition of Litopenaeus vanname; juveniles previously fed with either dieto The 
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difference was that shrimp fed 40% DPL were able to maintain constant values of 

immune variables for one week of food deprivation. Results of respiratory burst 

(basal and activated), phenoloxidase activity and hemocytes count reveal that 

the shrimp maintained both indicators during 7 to 14 days of starvation. In contrast, 

immune variables of shrimp fed with a low dietary protein level decreased from 

the first starvation week, revealing that a weak nutritional condition is capable of 

limiting physiological compensation when catabolism of energetic reserves and 

food depletion are presento The results of this study agree with previous research, in 

which we found that sub-optimal dietary protein levels (5 and 15 9 DPkg-1 BW-l d-1) 

induced not only asevere reduction in growth and assimilation efficiency but also 

in immune capacities vio a reduction of OxyHc, hemocytes concentration, 

phenoloxidase activity and phagocytosis capacity of L. vannamei juveniles. 

The present results also demonstrate that shrimp are well adapted to tolerate food 

deprivation for some time but that this tolerance is closely related to its previous 

nutritional condition. In the case of shrimp fed 40% DPL, wet weight, nutritional and 

immune condition were significantly affected after 14 days of starvation. In shrimp 

previously fed 5% DPL, tolerance to the starvation condition was limited to only a 

few days (7 days) as a result of low reserves of tissue and circulation protein. 

AII these results demonstrate that dietary protein levels can governor the immune 

condition of shrimp through the management reserves metabolism, indicating that 

a shrimp with a good nutritional condition can tolerate until 14 days without modify 

the evaluated immune responses. In this sense it can be conclude that protein 

metabolism hove a central role for shrimp. 
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En la presente investigación se abordaron algunas adaptaciones fisiológicas 

de los juveniles de Litopenaeus vannamei relacionadas al proceso de 

domesticación, el tipo de cultivo (experimental, 90 1, Y de cultivo, 20 t), Y la 

condición nutricional. Los resultados señalan que los componentes de la 

hemolinfa reflejan los ajustes fisiológicos asociados al tipo de cultivo, el proceso 

de domesticación, y a las transformaciones de la energía derivada del alimento, 

lo cual repercute directamente en el crecimiento y la respuesta inmunitaria de los 

organismos. Tomando esto en consideración, se elaboró un modelo conceptual 

en el que se integran las rutas metabólicas y diversos mecanismos fisiológicos 

involucrados en el mantenimiento de la homeostasis de los juveniles de camarón. 

1. Componentes de la hemolinfa y actividad metabólica 

Los componentes de la hemolinfa han sido ampliamente utilizados para 

determinar el estado fisiológico de los crustáceos. En numerosas investigaciones la 

concentración de hemocianina, metabolitos plasmáticos y algunos elementos del 

sistema inmunitario han permitido identificar cambios metabólicos asociados con 

el proceso de muda (Dall y Smith, 1986; Chan et al., 1988), la presencia de 

contaminantes (Chen y Cheng, 1995), el efecto de la manipulación (Racotta y 

Palacios, 1998), hipoxia (Le Moullac et al., 1998b), exposición al aire (Santos y 

Keller, 1993a) cambios de salinidad y temperatura (Ferraris et al., 1994; Vargas

Albores et al., 1998; Pascual et al., 2003; López et al., 2003), y la condición 

nutricional de los juveniles de camarón (Angus, 1989; Lignot et al., 1999; Rosas et 

al., 2001 a). 

A pesar de lo mucho que se ha avanzado en la estandarización de técnicas 

sencillas y el uso de los componentes de la hemolinfa para determinar el estado 

fisiológico de los camarones, poco se conoce acerca de los patrones de 

variación a nivel pOblacional, por lo cual, un objetivo de este trabajo fue elaborar 

una base de datos que pudiera servir de referencia para diagnosticar el estado 

de salud de los juveniles de L. vannamei. Se utilizó estadística descriptiva para 
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caracterizar los datos de las proteínas, glucosa, acilglicéridos, lactato y la 

oxihemocianina de juveniles cultivados en condiciones controladas (90 1) Y a nivel 

piloto comercial (20 t). La población de datos se construyó con mínimo 60 

camarones en intermuda para cada evaluación por condición de cultivo. Los 

resultados de la presente investigación indican que la evaluación de proteínas, 

glucosa, acilglicéridos y lactato, es de gran ayuda para conocer las rutas 

metabólicas involucradas en el aprovechamiento y el uso de la energía. 

Paralelamente, la concentración de OxiHc puede ser un indicativo de la reserva 

de proteínas en la hemolinfa, lo cual esta directamente relacionado con el 

catabolismo de proteínas y la ruta gluconeogénica de los camarones 

(Hagerman, 1983; Chen y Cheng, 1993b). 

La concentración de los metabolitos y la OxiHc de L. vannamei fueron 

comparados con los resultados reportados en la literatura para juveniles de la 

misma especie, lo cual evidenció similitud en las técnicas y también en los valores 

(Charmantier et al., 1994; Racotta y Palacios, 1998; Rodríguez et al., 2000; Rosas et 

al., 2001 a; 2001 b). El análisis de la frecuencia de distribución de los componentes 

de la hemolinfa reveló que solo las proteínas de los camarones mantenidos en 

condiciones controladas presentaron una curva normal, mientras que el resto de 

los metabolitos y la concentración de oxihemocianina OxiHc tuvieron curvas de 

distribución sesgadas hacia alguno de los lados. 

Estos resultados concuerda con otras dos investigaciones, en donde la frecuencia 

de distribución de la OxiHc y los metabolitos plasmáticos (proteínas, glucosa, 

lactato, colesterol y acilglicéridos) de poblaciones silvestres de crustáceos 

(Litopenaeus setiferus, Nephrops norvergicus, Liocarcinus depurator y Hyas 

araneus) presentaron distribuciones no normales (Spicer y Baden, 2000; Rosas et 

al., 2004). Los autores de estas investigaciones señalan que las formas de las 

curvas de distribución de los componentes de la hemolinfa podrían estar 

afectados por factores intrínsecos (tamaño, sexo, condición nutricional, estadio 

de muda, condición reproductiva, etc.), y también, por factores extrínsecos 
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(temperatura, salinidad, oxigeno disuelto, disponibilidad de alimento, etc.), lo cual 

indica su posible uso como indicadores del estado fisiológico, al evidenciar los 

ajustes metabólicos que resultan de la interacción dinámica entre los organismos 

y su ambiente. Debido a que los componentes de la hemolinfa responden a 

innumerables ajustes funcionales, la determinación adecuada del estado 

fisiológico de los organismos dependerá de la integración de varios indicadores, 

tal como se realiza en los análisis de clínica humana, en donde el diagnóstico 

requiere de un conjunto de datos para poder realizarse. 

De acuerdo con Mágnum y Hochachka (1998), a través del estudio de 

variaciones interindividuales es posible identificar caracteres fisiológicos y 

bioquímicos que puedan correlacionarse al desempeño y supervivencia de los 

organismos. Las variaciones interindividuales representan por lo tanto, uno de los 

puntos de mayor interés para la fisiología y genética contemporánea, ya que 

también se pueden aplicar para genotipos específicos provenientes de 

programas de mejoramiento genético y/o ingeniería genética. 

Bajo un enfoque comparativo, los estudios acerca de la variación fisiológica entre 

especies ofrecen una buena oportunidad para abordar el significado adaptativo 

de las características bioquímicas de los organismos. En la presente investigación 

se compararon los datos obtenidos de L. vannamei cultivados en condiciones 

controladas y a nivel piloto comercial, con los datos reportados para otros 

crustáceos, silvestres o mantenidos en cautiverio bajo condiciones similares. Los 

resultados señalan que los componentes de la hemolinfa varían con la actividad, 

consumo de oxígeno, amplitud metabólica y el grosor del caparazón (Castille y 

Lawrence, 1989; Sánchez et al., 1991; Rosas et al., 1992). Las especies con mayor 

actividad natatoria presentaron una mayor concentración en la hemolinfa de 

proteínas, glucosa, colesterol y OxiHc. En este sentido, los componentes de la 

hemolinfa parecen reflejan también las adaptaciones fisiológicas y morfológicas 

de los crustáceos, por ser el resultado de la regulación metabólica y la demanda 

de energía de los organismos. 
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Desde el punto de vista aplicativo la hemolinfa de los camarones es fácil de 

obtener y sus componentes brindan importante información biológica, por lo cual, 

pOdría utilizarse para monitorear la condición fisiológica de organismos silvestres y 

cultivados. No obstante, es necesario hacer numerosas evaluaciones bajo 

diferentes condiciones con la finalidad de entender como las características 

ambientales modulan la variación de cada parámetro sanguíneo. Los estudios 

hematológicos de un espectro más amplio de especies de crustáceos permitirían 

a su vez, esclarecer el significado adaptativo de las características bioquímicas 

de la hemolinfa en uno de los grupos más diversificado y exitoso del reino animal. 

2. Metabolismo de proteínas y homeostasis 

El alimento representa una de las mayores fuerzas selectivas, ya que los flujos de 

materia y energía que intercambian los organismos con el ambiente constituyen 

la causa y el efecto global de su metabolismo. En la presente investigación, la 

privación de alimento y las dietas experimentales constituyeron una forma útil 

para estudiar los ajustes fisiológicos involucrados con el aprovechamiento y uso 

de la energía. Los resultados de los diversos capítulos indican que la respuesta 

inmunitaria de los camarones está directamente relacionada con el estado 

nutricional, y que éste depende fuertemente del metabolismo de las proteínas 

(Pascual et al., 2004b). El estudio realizado con organismos en ayuno prolongado (21 

días) permitió demostrar que las proteínas dietéticas (PO), aportadas previamente 

(5 y 40 %), están asociadas con el manejo de las reservas, determinando el estado 

nutricional e inmunológico de los camarones (Pascual et al. aceptado). 

Debido a la importancia económica y ecológica de los camarones peneidos se 

ha logrado un gran avance en el conocimiento de su metabolismo. Con base en 

esta información y en los resultados que se desprenden de la presente 

investigación se elaboró un modelo conceptual acerca del aprovechamiento del 
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alimento en organismos silvestres y cultivados. y su relación con la condición 

nutricional y el sistema inmunitario de juveniles de L. vannamei (Fig. 1). 

El ambiente y la variabilidad genética constituyen la base del modelo. ya que 

como ha sido mencionado. la interacción entre estos dos elementos afecta la 

capacidad digestiva. el flujo de energía. la síntesis de proteínas. la 

osmorregulación. la resistencia a enfermedades y el grado de control 

homeostático. Dentro de este marco están incluidos los principales órganos y 

sistemas de los juveniles de camarón: glándula digestiva. branquias. músculo. 

cutícula. sistema nervioso. tejido hematopoyético e interconectando a todos 

ellos. se encuentra la hemolinfa. Los intercambios de materia entre el camarón y 

el ambiente que incluye el esquema están relacionados con el agua. los iones. la 

entrada de patógenos. el alimento y los desechos nitrogenados. 

En el caso de los camarones. la degradación del alimento se inicia con la 

absorción. cuando el quimo y las partículas finas son introducidos al lumen de la 

glándula digestiva (Lucas. 1993). El alimento es degradado en sus componentes 

primarios: aminoácidos. monosacáridos. ácidos grasos. vitaminas y minerales. los 

cuales son procesados. almacenados. y también pueden ser transportados a 

otros tejidos vía la hemolinfa (AI-Mohanna y Nott. 1987). El modelo incluye la 

esquematización de las principales vías metabólicas. sus interconexiones y 

productos (letras negras). lo cual representa el flujo de la energía química desde 

el alimento hacia los procesos fisiológicos. la respuesta inmunitaria. la 

incorporación de biomasa y las reservas. 

Los resultados del presente estudio indican que las proteínas son el eje principal 

del metabolismo de los juveniles de L. vannamei domesticados (F7 y F9) ya que el 

crecimiento. las reservas y el estado inmunológico de los camarones estuvieron 

directamente asociados al nivel de las proteínas en la dieta. La concentración de 

lo he mocitos circulatorios y la actividad fagocítica de los juveniles de L. vannamei 

(F9) varió de manera directa y significativa (P < 0.05) con el nivel de proteínas 
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dietéticas (5, 15 Y 40 % PD) (Pascual et al., 2004b). Cuando los juveniles de L. 

vannamei fueron alimentados con 5 % de PD lograron mantenerse e incorporar 

una ligera biomasa (1.15 ±. 0.06) durante los 50 días experimentales. No obstante, 

la energía asimilada fue insuficiente para mantener al sistema inmunitario 

(cantidad significativamente menor de he mocitos, actividad de fenoloxidasa y 

estallido respiratorio), y también, para generar reservas (bajos niveles de 

glucógeno en la GD y proteínas de reserva en la hemolinfa, OxiHc) (Pascual et al., 

2004b). 

El modelo señala la relación entre el aprovechamiento del alimento y el manejo 

de la energía. Las proteínas dietéticas primeramente son hidrolizadas en peptidos 

y finalmente en aminoácidos, los cuales pueden ser oxidados para obtener 

energía o utilizados para sintetizar glucógeno. Muchos aminoácidos son utilizados 

para la síntesis de proteínas, como enzimas digestivas y metabólicas, proteínas del 

sistema inmunitario y hemocianina, la cual parece tener un importante papel en 

la respuesta inmunitaria de los camarones. Algunos peptidos pueden afectar al 

tejido hematopoyético y alterar la tasa de proliferación de he mocitos (TPH), o ser 

utilizados para sintetizar neuropeptidos, y lipoproteínas. Los aminoácidos también 

pueden ser transportados a la hemolinfa, al pool de aminoácidos libres (AAL), Y 

de estos, al músculo. 

De acuerdo con los trabajos realizados por Vinagre y Da Silva (1992) Y Rosas et al. 

(2001 a) los camarones están adaptados para sintetizar CHO a partir de proteínas. 

Los resultados señalan que esta adaptación se ha favorecido en poblaciones 

seleccionadas por tamaño y sujetas a un programa nutricional basado en las 

proteínas (Arena et al., 2003; Pascual et al., 2004a). Actualmente los alimentos 

formulados utilizados durante el cultivo contienen un constante y elevado nivel de 

proteínas (25 a 45 %), por lo cual, un programa de selección por tamaño, implica 

la selección de organismos que metabolizan preferentemente a las proteínas. 
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El resultado después de varias generaciones es una reducción en la capacidad 

para aprovechar mayores niveles de CHO en la dieta y camarones 

metabolitamente dependientes a las proteínas dietéticas (Arena, 2004; Pascual et 

aL, 2004a). El estudio genético de los camarones realizado por Arena et al (2003) 

señala que los organismos silvestres presentan una mayor frecuencia alélica para 

el gen de la alfa amilasa, y también una mayor actividad enzimática. En los 

camarones cultivados la frecuencia alélica y la actividad de la amilasa disminuye 

directamente con el número de ciclos cerrados (F7 y F2S) (P < 0.05), revelando que 

la reducción de la variabilidad genética afecta la capacidad digestiva de los 

camarones y con ello, el aprovechamiento de los alimentos, lo cual compromete 

la condición inmunológica de los organismos. 

La degradación de los almidones dieteticos conduce a la absorción de glucosa, 

la cual puede ser trasportada directamente a la hemolinfa o metabolizada por 

medio de la glucólisis (GL), subsecuentemente el piruvato a través de la Acetil

Coenzima-A (A-CoA) puede ingresar a la cadena respiratoria (CR) para la 

obtención de energía (ATP). Bajo condiciones de estrés metabólico, es decir, 

súbita actividad y deficiencia de oxígeno metabólico, la glucosa es metabolizada 

por medio de la fermentación, y el lactato generado puede ser transportado a la 

hemolinfa. 

La capacidad digestiva de los camarones silvestres revela la importancia de 

aprovechar los CHO dietéticos, lo cual puede estar asociado a los diversos puntos 

de regulación metabólica relacionada con la ruta glucolítica. Nueve de los diez 

aminoácidos no esenciales se pueden sintetizar a partir de la glucosa, donde el 

glutamato proporciona el grupo amino. En dirección opuesta, el catabolismo de 

los aminoácidos glucogénicos representa la base de la ruta gluconeogénica para 

obtener CHO metabólicos, los cuales pueden ser utilizados como sustrato 

energético a través de la glucólisis. El metabolismo de los lípidos esta conectado 

a la ruta glucolítica a través de Acetil-CoA; alta concentración de ATP o NADH 

favorece la síntesis de ácidos grasos desde la A-CoA y la B-oxidación de los 
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lípidos del alimento o de las reservas representa la dirección inversa para generar 

energía metabólica. 

El modelo contempla la participación de la hormona hiperglicemiante de los 

crustáceos (HHC), ya que genera la liberación de glucosa desde el glucógeno 

almacenado, al activar a la glucógeno fosforilasa en la GD y en el músculo 

(Lüschen et al., 1993). La acción de este neuropeptido incluye un efecto 

secretagoge que controla la liberación de la alfa-amilasa en la GD, la regulación 

de la síntesis de ecdisteroides (Santos y Keller, 1993b), y modulación durante el 

proceso de muda. La liberación de la CHH desde el órgano X puede ser inhibida 

por alta concentración de glucosa en la hemolinfa, promoviendo la glucogénesis. 

En dirección contraria, alta concentración de lactato puede promover la 

liberación de la HHG y favorecer la hidrólisis del glucógeno (Santos y Keller, 

19930). Esta regulación señala claramente que las rutas metabólicas obedecen a 

la demanda energética de los tejidos. 

El estudio de los juveniles de L. vannamei sometidos a un periodo de inanición 

prolongado (21 d) señala una disminución importante en los indicadores 

fisiológicos e inmunológicos de los camarones; en los camarones alimentados 

previamente con 5 % de PD el abatimiento de las reservas de energía y la 

respuesta inmunitaria fue acelerado (7 d), en comparación con los camarones 

alimentados con 40 % PD, los cuales lograron compensar el ayuno por mas tiempo 

(14 d) (Pascual et al. aceptado). 

El rápidO agotamiento de los lípidos en la GD y en la hemolinfa, señala su uso 

como sustrato energético, lo cual indica que independientemente a la condición 

nutricional, los camarones utilizan de manera inicial los lípidos y después de una 

semana de inanición pueden prácticamente terminar con las reservas lipídicas de 

la GD. Este patrón de comportamiento pudiera estar relacionado con la 

capacidad adaptativa que presentan los camarones para tolerar periodos cortos 

109 



de inanición asociada a las fluctuaciones en la disponibilidad de alimento natural 

y al proceso de muda. 

Los componentes de la hemolinfa y las reservas de glucógeno en la glándula 

digestiva de los juveniles mantenidos en ayuno prolongado revelaron el uso 

paralelo de otros sustratos energéticos. Las fluctuaciones en la concentración de 

glucosa, lactato, proteínas y la OxiHc, así como el glucógeno señalan el papel 

central del catabolismo de las proteínas y la ruta gluconeogénica. Esto significa 

que los camarones alimentados previamente con 40 % de PO tienen una mayor 

oportunidad de compensar la privación de alimento, a través de la hidrólisis de las 

proteínas de la hemolinfa y del músculo, lo cual se ve reflejado en el 

mantenimiento de la respuesta inmunitaria durante 15 días de inanición. 

La glándula digestiva (GO) y el músculo constituyen los principales centros 

metabólicos en los camarones, por lo cual el modelo contempla rutas 

metabólicas y manejo de sustratos similares, pero con algunas diferencias. En la 

GO se acumulas las reservas de lípidos y probablemente se ensamblen las 

lipoproteínas, LP (apoliproteinas, fosfolipidos, acilglicéridos y en menor cantidad 

colesterol). En el músculo la mayor parte de los lípidos son componentes del tejido 

muscular, y en casos extremos de demanda de energía, algunos de ellos 

(fosfatidilcolina y ésteres de esterol) pueden ser utilizados como sustrato 

energético (Perez-Velazquez et al., 2002). En cuanto al metabolismo de proteínas, 

el trabajo biosintético del músculo esta relacionado principalmente con la 

incorporación de biomasa, mientras que en la GO es el sitio de síntesis de 

proteínas por excelencia. 

La hemolinfa está directamente relacionada con la regulación metabólica, ya 

que constituye el vínculo entre los principales órganos y sistemas. El proceso de 

osmorregulación esta esquematizado en el modelo como una zona donde 

interaccionan el músculo, la hemolinfa y las branquias. La enzima relacionada 

con la regulación del volumen celular es la glutamato deshidrogenasa (GOH), la 
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cual controla la incorporación o remoción del amonio desde el "pool" de 

aminoácidos libres al glutamato e ingresar al ciclo de Krebs (CK) a través de la 

alfa-cetoglutarato. El ciclo del glutamato (CG) esta representado por un círculo 

acoplado al CK. El grupo omino puede ser transferido a la glutamina, la cual es 

menos toxica que el NH4, por lo cual está involucrada en la excreción 

nitrogenada a través de las branquias. El grupo omino también puede ser 

acoplado a un carbohidrato para la formación de glucosamina, que es una 

molécula relacionada con la formación de quitina, componente principal de la 

cutícula de los crustáceos. 

El tejido hematopoyético y los hemocitos están representados en el modelo bajo 

una profunda interacción con la GD y el sistema nervioso, puesto que la 

condición nutricional y algunos neurotrasmisores pueden afectar la tasa de 

proliferación de los hemocitos y con ello, el estado de la respuesta inmunitaria. 

La concentración de hemocitos en la epidermis durante algunas etapas de muda 

pudiera estar relacionada con la liberación de glucógeno para la síntesis de 

quitina, lo cual concuerda con la capacidad de los hemocitos de sintetizar 

glucógeno y almacenar enormes cantidades, proporcionalmente mayor a la de 

la GD (Loret, 1993). Por otro lado, la gran cantidad de aminoácidos en el interior 

de los hemocitos pudiera señalar una posible participación en la liberación de 

aminoácidos a la hemolinfa asociada a la regulación osmótica del medio interno 

y/o a la demanda de energía (ClaybrooK, 1983). Puesto que las funciones 

metabólicas de los hemocitos no han sido demostradas se señalan en el modelo 

con una flecha de línea discontinua. 

Los resultados de la presente investigación concuerdan con otras investigaciones 

que señalan al metabolismo de proteínas como la clave para entender el manejo 

y destino de la energía en los camarones (Deshimaru, 1978; Rosas et al., 2002). El 

alto requerimiento de proteínas dietéticas, y la limitada capacidad de almacenar 

reservas de lípidos y carbohidratos (Dall y Smith, 1986), concuerda con la 

111 



habilidad de los camarones para usar a las proteínas como principal sustrato 

energético (Rosas et al., 1998; Kureshy y Davis, 2002). No obstante, altos niveles de 

proteínas en la dieta suelen afectar la calidad de agua en los sistemas de cultivo. 

Las proteínas que son utilizadas como sustrato energético, contribuyen con la 

liberación de los productos nitrogenados a los estanques, lo cual puede generar 

una eutrificación eventual. Importantes descargas de materia orgánica a los 

afluentes naturales están asociadas con el crecimiento de las áreas de engorda y 

el manejo de altas densidades durante el cultivo. Esto ha generado un deterioro 

importante de las condiciones ambientales dentro y fuera de las granjas, 

favoreciendo la incidencia de enfermedades y afectando negativamente a la 

producción y al medio natural. 

Por todo esto, existe un marcado interés por desarrollar alimentos para la 

acuacultura que sean amigables con el medio, es decir, dietas formuladas con la 

cantidad mínima de proteínas y que permitan un óptimo crecimiento. El 

inconveniente es el alto requerimiento de proteínas y su papel central en el 

metabolismo de los camarones. No obstante, un mayor conocimiento sobre la 

bioquímica fisiológica y sobre el sistema inmunitario pOdría ser de gran ayuda 

para determinar cuales insumos alternativos como; diferentes fuentes de proteínas 

de origen vegetal. aditivos, inmunomoduladores, inmunoestimulantes, 

antioxidantes, hidolozados, entre otros, podrían satisfacer las necesidades 

metabólicas, sin comprometer a la respuesta inmunitaria. Bajo esta perspectiva, 

los programas de domesticación con criterios de selección que incluyan 

variabilidad genética, capacidad digestiva y condición fisiolÓgica inmunológica, 

podrían representar las bases para el desarrollo de una camaronicultura 

sustentable y amigable con el ambiente. 
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Figura 1. Modelo conceptual: el metabolismo de proteínas y homeostasis. 

El esquema incluye los principales órganos y sistemas de los juveniles de camarón: glándula 
digestiva, GD; branquias, B; músculo, M; cutícula, C; sistema nervioso, SN; tejido 
hematopoyético, TH; y la hemolinfa, H. La variabilidad genética representa la base del 
modelo ya que afecta al flujo de la energía química desde el alimento hacia los procesos 
fisiológicos. Los juveniles de Litopenaeus vannamei cultivadas en ciclo cerrado y 
seleccionados por tamaño (F7, F9) presentan una menor capacidad de aprovechar los 
carbohidratos (CHO), y un mayor uso de las proteínas. La degradación de las proteínas 
genera peptidos y aminoácidos (aa) que son oxidados o también pueden ser utilizados para 
sintetizar glucógeno. Los aa también pueden ser utilizados para la síntesis de enzimas 
digestivas y metabólicas, proteínas del sistema Inmunitario (como las del sistema 
profenoloxidasa, proFO; lectinas, LT; lipoproteínas de reconocimiento, BGBP; proteína de 
coagulación, PC; péptidos antimicrobianos, PAM; de regulación de la respuesta inmunitaria, 

2-macroglobullna y paclfastlna), y hemocianina, Hc, la cual parece tener una participación 
en la respuesta inmunitaria de los camarones, además de funcionar como una proteína de 
reserva en la hemolinfa. Los aminoácidos también pueden ser transportados a la hemolinfa 
para conformar el pool de aminoácidos libres (AAL), que pueden ser utilizados en el músculo 
para la generación de tejido. 

La degradación de los almidones conduce a la absorción de glucosa, esta es trasportada 
directamente a la hemolinfa o metabolizada por medio de la glucólisis (GL), 
subsecuentemente el piruvato, a través de la Acetil-Coenzima-A (A-CoA), puede ingresar al 
ciclo de Krebs (CK) y proseguir con la cadena respiratoria (CR) para la obtención de energía 
(ATP). Bajo condiciones de deficiencia de oxígeno metabólico, se lleva a cabo la 
fermentación, y el lactato generado puede ser transportado a la hemolinfa. La capacidad 
digestiva de los camarones silvestres revela la importancia de aprovechar los CHO dietéticos, 
lo cual puede estar asociado a los diversos puntos de regulación metabólica relacionada 
con la ruta glucolítica. Nueve de los diez aminoácidos no esenciales se pueden sintetizar a 
partir de la glucosa, donde el glutamato proporciona el grupo omino. En dirección opuesta, 
por ejemplo en condiciones de ayuno, el catabolismo de estos aminoácidos representa la 
base de la ruta gluconeogénica para obtener CHO que pueden ser utilizados como sustrato 
energético. Los lípidos (ciclo de los ácidos grados: CAG) están conectados a la ruta 
glucolítica a través de A-CoA; alta concentración de ATP o NADH favorece la síntesis de 
ácidos grasos desde la A-CoA. La B-oxldaclón de los lípidos del alimento o de las reservas 
representa la dirección inversa para generar energía metabólica. El modelo incluye el efecto 
de regulación de glucosa y lactato sobre la hormona hiperglicemiente de crustáceos (HHC), 
y a su vez, el efecto que tiene esta hormona sobre la segregación de la -amilasa y el 
glucógeno. 

La regulación de la presión osmótica está asociada principalmente a la bomba Na-K atpasa, 
intercambio de iones, al catabolismo de los 00 y la actividad de la glutamato 
deshidrogenasa (GDH), la cual controla la incorporación o remoción del amonio desde AAL 
al glutamato. El ciclo del glutamato (CG) esta representado por un círculo acoplado al CK. El 
grupo omino puede ser transferido a la glutamina, la cual es menos toxica que el NH4, por lo 
cual está involucrada en la excreción nitrogenada a través de las branquias. El grupo omino 
también puede ser acoplado a un carbohidrato para la formación de glucosa mina para la 
formación de quitina. Por lo cual, el crecimiento, las reservas y el estado inmunitario de los 
juveniles de L. vannamei están vinculadas al metabolismo de las proteínas. 

114 



Conclusiones 

• La línea base de los metabolitos de la hemolinfa de Litopenaeus vannamei 

presentaron una concordancia con los valores reportados en la literatura 

para esta misma especie, lo cual señala su utilidad como un indicador de 

referencia del estado fisiológico de los camarones. 

• La concentración de oxihemocianina, proteínas y glucosa de los 

camarones cultivados en condición piloto comercial (20 t) fue mayor a la 

los camarones cultivados en condiciones controladas (90 1), lo cual refleja 

una condición nutricional distinta asociada al alimento vivo en los 

estanques de 20 t. 

• El estudio comparativo de los metabolitos en la hemolinfa de L. vannamei y 

lo reportado para otros crustáceos señaló que la concentración de 

proteínas, oxihemocianina, glucosa, acilglicéridos y lactato presenta una 

relación con la actividad, consumo de oxígeno, amplitud metabólica y el 

grosor del caparazón. En este sentido, los componentes de la hemolinfa 

parecen reflejan las adaptaciones fisiológicas por ser el resultado de la 

demanda de energía de los organismos. 

• El estudio de los componentes de la hemolinfa de los camarones silvestres y 

cultivados (F7) provenientes de un programa de selección por tamaño 

señaló una reducción en la capacidad para aprovechar mayores niveles 

de carbohidratos dietéticos (44 % CHO) y un metabolismo sesgado al 

manejo de las proteínas, lo cual afecta la condición nutricional y 

compromete el estado inmunológico de los camarones. 
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• El estudio del balance energético, el estado nutricional y la respuesta 

inmunitaria en juveniles de L. vanname; (F9) alimentados con S, 15 Y 40 % de 

proteínas dietéticas reveló el carácter central del metabolismo de 

proteínas en los camarones cultivados y seleccionados por tamaño, ya que 

el crecimiento, las reservas y el estado inmunológico de los juveniles de L. 

vanname; estuvieron asociados al nivel de las proteínas en la dieta. 

• Un ayuno prolongado de 21 días permitió demostrar que las proteínas 

dietéticas, aportadas previamente (5 y 40 %), están asociadas con el 

manejo de las reservas, determinando el estado nutricional e inmunológico 

de los juveniles de L. vanname; cultivados (F9). 

• Desde el punto de vista aplicativo la hemolinfa de los camarones es fácil 

de obtener y sus componentes brindan importante información biológica, 

por lo cual, pOdría utilizarse para monitorear la condición fisiológica e 

inmunológica de organismos silvestres y cultivados. 
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lmpi;M,.. .. ~ ~ ~tivutd hrtbe> Amc~~,._ die .,e-
ond fb ""o.rcI pmc:tuctiOo"~ 200()~. More tMn~ .,flbc 
lbrtmP;qilti,~ ·~:\I~on~.~~~iAeOl'~t. ~ 
~~~;ft .~t; ~l99'>:,~_~~.",p, f:irm.. 
m Jn·ftb¡blistUOJ íefficri,íe. breedi'ng"""" 'fotu Wf1flfQ1Mi 

,Ul~t lhe IIa.uas ~ o( ~. SP.CIC~, .. weU .. Ibc us 
Attantk coat anci BrazU (S9aden ¿ Da.", t 99,J'. ~v.Rocha 
2:001. 'Ciarc(á-CaJleja 2óOO)..1bcsc pmámu,.am Motj~ lo l-t 
by tbe ~. d¡~~ ~uscd by un~ ~ 
poputation ~(Wybu el' al. lm.Bedlereul.t998)...,d 
in _~ 11)' c)bt'lbl I)ener. ~tlbiUly ~mup die Mtcc-tkln,óf 
bnd.Y weipl ar bodySize rCll' opriínaJ harvest.. Al!h~ ••. bem!r
·pgwüt .... ta,hás been \~'iIl.brlJedinl:progrom& wüb L \ltI!It,.. 

~!, ~"~ o.f~ re~QIl f.)f , í'y 
(SUndíeaA Ila.Yh t".l)OD'd.e ... ndp~ . 11 ROl 
~n (A,enaie' 199&) ••• ftCmf P4" Xli ~-al. 0fQ*}'~-a 
l.'eCluc~JI "'~. d!~lY ia ~1úred p~ ní~~ CC)~ 
Ilritb \'rila populariom. 'lbM ~ ~ádoD peuem 0GJl 
,PóPUl!ll.00f ~"'JO tbe pn:vaIeDce "r.J.HHNV wa1 ~ 
iD Ibc samc ~RSj inclícatío¡ ah. &be -.;han.p ~~ pne'tic 
diVcmtyol'lhrimp ~:~~ .. ~ ,~libiJlt:)l,at~ 
~9i' ~4sbri~'~1 ~r~." 

.AflSimil.atlon (Aso) hthek<!y ~ ótUVinlapaÍJms 
~~~ it jlO a direCt iDcMx. oftha '~&1 al)~ 19't;04y ~ 
OI' .~orto maiDtainllomeol!;(asis. ~c~ 10 Lucas (1993), 

A$ -- P + R. wbete P I me. cae., aDotcaIed lo ptOduatiOQ of 
biómU$'~~ &lid 'R is the ~'Zabl_ cnetC)l •. Althou.ch 
tbe Ii .. ·of'. ~ioJa ,_ ~t(lduc;tIYC. COIl.equeoccs. in a 
pnrieií-sense many~", Mve,becn .. Ii~:the ~ bal
~ QD jll~ r~~4ctctml .. ~.~,~vúOameow ·iJucl. 
toationlt-OJ' ~'off004 ~ '",~ihcI'iiQl1.m.,CM''' 
U)liQ.lo ~·tbe:ei)\líronnilll:itaJ Or mJarlliQnal~nas 'ir 
en~~iOJl,in¡(~4C.oóo_l?88. ~ ..... 1989., 
0Ck.Preez et~. 199.1,'Koshio a -al. i992.lfopkio$:d al. 1993-
R.osas:el ·~ 1~3,.~etal. lm~~*Stickl.e.lW7 lilOAa$ 
ct át~ ._ ·Rosaí d .aJ. 20(1). 

1he .~' ~YeéÍ áiom 1004 dep!:r\dI . oD ~ 01 
~on ofd~ ~~;t~ 1 .. .....,..·déperrdsOft the 
ability .of mgan1sms 10 hydroly~ ~. _ ~ t~. 
diec;Q outrt_ (C~. 1998).tn-a,s.erj1liS oJ reccnt anicJe's. we 
Jlavedem .... __ carq1 .. ~~~~ fu;)md~, __ 

.~ (CHO)'6u .tleM: fOt.lrid 10 bit,. Jimiti,.C1iIctOr in. L. 
nylbW1rh •. L; ~dmei. - 1-... ~"1. (R.,... c~ .,. 2QOOa;. 
Rosa.t el al. 2000II. ~,« .r. 2001). Inlbese -oñs. Wl!':~ 
,~ glOéOtJe. JI'" itI meqíboJisM w-. Ittnhed becl.ÚSé :ofsatUni
tion oi <HIiJy1de wtJeo Sbrimp aré (di With meta abDvi: 33'" 
CHO. At lJte. UIIíe lime. tbe. dipstive Jland WK Alurued witb 
tJ~ 1n ,h¡rimp red 'With dicts ?-33fJEJCHO. afféctin,J. D~f 
absorption _ m,,'C<IIU!CCl~e pmPtb. rafe,' ... biomas. ~ 
dM.Shrlrnt> fed 'Wi1boUt d1éhryaIQ eaptqdl.tCc ttic.it OWÁ CHe 
U$i~' ",e IJQC~ píítbWá)'-,. dI!tnoIIiU1l~l~( ~ pro.. 
~ill mclábúlílilil is ftll adapáId to(ll1XlLlCe ilS own mel8bolli: 
~~y dc$pik::r::nc:rB)' 10Sl1.bwus,b ánmJonia,ex;cmion. 
S~ ",...yl.peis one ohM bc$t ... tudied.,.,l~mO!rpbic di

IC~VC ~ in ·:;bd.mp. Two alUIk: forms were ~ in 
/Ud/ea ~au~ ~ isóforms in PfIkN""""t~:I Wrrl4~. MVCf'-
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lsof'orms In P. de84IU three isofonns ift P. MI'1'tllU$ ud L _~ 
n.anuñ. ánd tluee in Fmfo1fUpBltWIU IIC'tlalú. iD L .c#uft.ittJ. tnd in 
1- .w~nu-{l.;omholt 1( Cbristeosen 1970. CbrlSleo.en &. 'laDhoIl 
1m., Va Womihoudt 1983.. Vat Wormbóudt & P~l 1988.. 
Diaz ct al. 'l~. Lo ~uJ1acct .... )9%, Balíct al. 199$,.Arena 
19:5$¡ ~diao el al. 2Oo1).1bis CIl9JDC cube iaduc:cdOT 
i~~ by ~QlO. protciD leve'" 01' by c:iJcacIian. .aamuaL 
or-moqJt c:yelq (, .. 'W~ 1974. v~ Wonnboudl 1971). 
Van 'Wormboudt « al. (1980) lCpOdiCd a rcductiGll in -.ay .. 
áI;Ilv«;Y ,111 ,PDh;Jrmg" ftrrrmrs',u JI ~tic>D. ot the Ú)Q'fau iD 
,cli~ .. ,eJ_ 'Ro.. ct al. (2OOOa) showed ... 1l1CtCUC ÚI 
.q,....y~ oIL.'f1Iifwtrh .. a fuoc:tíon of .. iDlo3alllei. dicWy 
CHO;tfwm t.oM::tt. ana Fc1derCl990} lUItcd Ibal &, "'pjlica:ní 
m~ in,my. ~rily 0(: L. #~IW pQldarvae JiIiIM be • 
~~ ~ 10w ~ls of CHO in tbepostbuval ~ lb MouDac 
el .... (1996) ~ .. tedQction 'of &mY'1ae actiVilYin I-w.tn
'f'Iir.t"' __ aulll of", '~n inc:reaed' in, di$, sbowing 
tb.~-a.r.!'Y1pe ,gaJe e.xph!$SiOh CQl1Id be tepressed by'easeUI! re
fler.tins tbe.cOntmttbllídietbM.flÍD acrivity of'amylaseitolbnlls. 1" 
Ihe pteileiM~; a relatioQ be:tWeen ~ OI ... .ny
__ pb)isioIOl¡'t_~~ behIrvior.of,l..~ .. 
llledto ~whetber artiflda'l S,eJecdoa bued en body 'Mi_ ancl 
'bocIy.i2e ~·1be'.lii1ity of 'shiilnp1O uae'~ cHo ... 
s~~~. SbdQaP ,~ was.tdrcucél tlnUiib JIlcaSwe
mCllt 01 ~1'IY""'cc ~DI,~ OlCytell coasompli'oa. .
ammOlÜ cxaedott 01 jullCniks fI'OIb _Ud. 11h., ud 'l5tb ~ 
úorit Q(,~ ~ HemólymJlb JIucQIcI • .éli&eftivc ,1_ 
aJ~~ amylasc ~Jty • .ad.ny_ pqly~ ~ aJtc) 
evaloated iD lho ~· sbrimp popWarions. 

MATBIUAL ANlulErJlOIJiS 

De lNdy 'MIl dMdecl bc:t-ftcD two cxperimenu. Thc ftm was 
Có~ in ~tnvbm: ~ were J1UIdc wild IDCI 
1~ speiCiJneas of L ~I. Tbe _COJld Cltperi.. 
.. waa .~ ~. Jbe',~M'-' R~ T_-., 
~~ ~¡t~wi1lt ~e~aJkmspedmeASoI L. 
WIMiIIIM;' BOIb o.¡¡e'rimeÍitr wcre~ Uadorlhe ." buic 
~ .... and 'WiCb ~ . ..-ne, ~~mcntlII ctiI4 

,~C~ 

POr'ex;pelúnem l. a",. ""lid L ~I (It- 2.00i,'O.8 '* ,0.1 fa 
_:YJefjIl)~~ fmmtB~_ catrnanen'll.a¡oCd 

.~. ~.iftCC(IUU)f~~. SIíriínj) ~ h ,h$pOfted I)y plane 
In pa.sdc 'bItp wlth:c:ool sea WIIter QóL SIIIinhy. 2O-c> lo Ibe 
E&~ MId-nc 81ó1Otr ~ ot Nadónat ~ 

QQj-V/Ü'l~ 9f ~'x~.(J i. Cj. *1 C~ ~ .. ;, 
.. .. , ... : ~ ~~tI!la~~for2wlc 
~luív --. "' .., : .-. .. Jhidü!d..~Ui..~dQ,' ; ~. .r-~&AII'", 'PI='" 
rl~ sh'riálp ~· _IItaited ,in ¡, ~ e.maJ'pond (2:0"~ 
wlJIt; .... (0a,>:5.Q 1DáJL) DlIbIr.If .. waw'(3~ ~9 :tc;l"C). 
Dudu. ,~.Ihrimp ~ fi:d. t*.Ice eacb <lay GIl • com
.rÓitR:W ;1-- aict 'cioIItainin . 45~ -.o ... (,A;,,", Aba...s-",-

.,' -..-..... . , 'e .. . ". ' . . . ... _0 "'1'" ___ ..... 

~~.~ ~.~ ), At tbor ·~ ·w.e. a ~ oI1~ 
. pendon:euh\lRll.1 sbriMp (lit -- 200¡O.o3 * ()'03 , Uve ftIah() 
!mm. • Iarin. ·~·Ül SiIal. Yuc:atiD. Was ~ .. eo a.c. 
~ in cooI...-'Watcr (3~Winity. 24"C) aacl ~maIIed l1li_ i(kntal ~ió.11$ lO lhoIIe c1acñbécllbow. 

After 2 wk oí -ácclimation, ti sampie 91 ea:1t 'popi¡bdon 'Nas 
rcmow:d ud ditI~ in 9;9-1 ~.~kil..For,.e~ill1Clll~. 
shrimp ,wexe reared fer SS lo 58 &.yí in a fIowo4hrouglr sea watar 

syaem (3& UHlliry) •• deáfity al 10 .bri~ · ph: íañIt. PQr' 
cxpcrimcnc 2. wc \l1ICd i600 posdtrYae <O.~ :a.o'.oGl wet ~ 
ot 25tb.JeDCI'IIiOn L W'I~.obbIlDed in lhelFlmMER bMéb.. 
'czy far:ilides. ID lFRBME1l ~~ ~.1íi~ 'taab_ 
.36' cIa.,)'J iD a flOW·~ ~ w,ar .,.JI\ (3-' ~) .... 
demity 01 JOO.mtbnp pel' 1aOk. 

ID bodí ~cbtJ abti1np,·~Jcd ~1timc$ • Gay (OIJQO.· 
14QO. ahd 2OQO 'h). ti .... ioo4 pankl~.~~ twke • 
da)' (0730 liad l;ooh) aod ~ quality van.blb wocn lDiIiJt... 
tal • ., ~28':t J"C{~QI(l' .. ;>5.9:~ 
pH>8.2 'Z ~.3. 1o.·b.oIh ~ •. _ 'Pio~ iW,a$ .. .-:, 
12h112b. SampJe$ of ~llancUw,bi~¡an4:~ 
.n.J)'S,k from ~lJMJtll ~,~:.~Md1llin"~ 
driccl _1 anaI)'$ir. Di'-w:atandl from ~ <)alu.. 
vab!d sb.rin:tp1lWll'e~·.the~4ádrdÍcsi. Tahiti· 
be:foR¡ ..wyhs. 

.~ 

c.. ~.J.vcniles "NCR reíd ..... ~diéll.fgnn ... "N~ 
hIlO J4;vel$ of Cárbob~ (ato);- ,. aod 44"~ -~ 
dieu. were .,...,m by lhcxVÚghly miu.s,di)I ~Í5 witb DiI 
'8nd lhen dIi,..warcnmtiJ. stiftCfou&bmllfteí:~::1lte.(kJu&b •• 
.,..... ,tb(oup a 'miÍQ¡¡' widt~ 'l-:IDIIí; dje.IIIIlI;~~'~ $' .... 
{IheUi-lilta S1l1IJtI were air drio6at ~ Ak-~.Vw slliqp. 
wme 'bmIten up anIlsicnd .... COIi ___ "1et,stt..¡Q¡d sfolal., 
--4"<:. 

c:;,...o -.1 s"m",,¡ 

The JI'O'WCh me wu evaa.-d _1be differe...,.1ietw.eea 'fiIlet¡ 

-.i8IIl lit tM tiepániq fOd end of.Jhe expedipellt tn4~ 
.as d.Iilr powtIa toetJ'icú;at ~~Qol~ 

'bOc'= IOO"{nat~"lJa_~~.l~~ 
Tnc ooc ~~was~. w~~·,Ia~ 
liCItS. bcc_ iDWa1 wdIhi* werc el .... ~ ~ 
(~"'.a1. 2000..,Cbo 1992}.'tbIí'*"ival ~~~, 
1be di~~ l!clweclIlbe.JlumbcrofliYcartinWs.._,be~ 
udado.fdle~t. ' . - -

132 



pcr minute; baseiél 01'18 ~x.tlikllml cm:ffii:iCnc. $"'0 =, I8000L 
moJ-t'é:íD- t,. FMb~te _,_~ ¡CJ:du~~ 

1l~'~ 

:l3toQd &11JCO!!é , ~retneóls 'wete 'm~ il! ~ ~tiI1rimp 
"~Ied lor a.:nl'~ ~'Ílity~ ~erote ,amptios:., '$Jtdm.p were 
PlááídJó düÍW'(18'tC) tnd aeiated .seawatcr<b S, mill 10 ttduee 
díectréCtor_lp~Jl'WOl'e,1be'~1l e~_tiOOtRosá$. 
_al.i~)., Qi:l.JYSbllmJJ,.in f. ~ , Stap (Q&u.&t!t) ~ used.. 

h (approXi",y ' . 14:1* sbr:i'mp) \\'1S ' indi-
. AÍnP1e4 ~$tl " c~d,sidnse DCCdlc''inscrtcci:at file 

bUi.hf tJieriM ~ ~X"thei$JlriiuttMd ~'ddcd With a 
~P;I't ~L~ .. ~Yid~ ~igbt .{~.05 ~ ' was ~w:e,d" 
~t;~ ~·,~tl~"Y ~ .,~á.ti911 (~cb &; 
T~;p~ff ' .' . ~""~ _ for: ,Jl~ose 
C$ OOt).t1.'.\D .,1 S)detctn\inlWwm.and ··,wcn: taij: 

:witb ,a m~,..y$.,.2Q"pl. Of:pt~_ (~:necJ'~8000 't 
écfttrifa~ ... pOP.t'L.of.enz~~~Itl'CU1,_¡~ 
'~.~ "CC"*~H~ 'a m.~.~(BiQ-R¡ad ~S50~ 
".i~~ W\liP! m.c:ufilted' fnlm' a: ' siaridÍlnt sOlUtimí.ot 
'SPb~ 

n~n ~,C:1t~ ilJ :~.,~.of ",t~aJ;kJ aJeI 
~(DJ~;" ." • .l~ ~at8~J,"~,lláQd ~ ftl'$~ 1)om~ 

.~ .. ~)fc?r;~ .. ~!':!lt6.@99 '. ~r • " .,*,,~. . . ... ~ 
;aS , ·tricb~.cid." 

~jtuQ.tu~:~mi~~itb:.5<"~I~~~~~~LThe 
lQ",wc:~~lu,,0Vtn.n~fcp'1h. AfU!t.~P¡raaiQil., 
:tbep;¡. ~ Q9!~' at 1000, ... 101' IS min. 1be ·g~cn 
, ) wdisfbÍved;hyWldldon ol'1);~mt., ol',bótlill! der.carut 

'J;~.~~", !ilÍ~!¡téjd/_ p~nol (~) '~ 
..... " ~.~:~J O,t:'~¿~.~'~~d. eqJl' 

.ql~uít~·~49g~'il! :~~. 

A~,..~AHfJl*il 

~¡eUi~e 8l1!llld$ ...., ~zed in. ·soo"¡La: , ~ add ·MóL/l.,p81).ad. 
-JrifU"" 'M' : IÍlPJi(4~ ~iiél'lifl). \V.~ u~ .~~ 
)()I, ~c«l _.fY~ ~L~~l~' witb"Jms .. 

" . u .thcnunninApofft:r ([)eriJ'. 19,64'): POIy,aa:ytam¡&,getS' 
1Wl ál ~ vti;;(b~· Batiit_mi.·_'i.ÍbneiuSing.Qiinr 

~1(1lJ¡) wltb l~ant.i!lOJe.l M~~ 1 ~::M~~ebUlfér. 
\. aMi .' w.et' ..... _- " . was 
i. .. ;t"~,~Jril;::tU;;I1~~wi ~ .. 
~.At~·~~bV· '''tol 

"'~Vé mjpl.ti_:dI(Fb':~fj~hIido, et:,.~1l. ,2Q01}. A: 
1~.,wU ~~~(l'~tI!~~~y<?f'~1ilC* 
cQgltDM ~, ir; ~ ~.diél :~.~ 9~. Mléf :..
• . the~OOY·was ·d}.OOs~ ~tÍ:' vAriabiUty ,deriations 
Of~ .. Wt~'~Yel.~JiQn$; ·· __ ~.QjOull",a 
WtlPf'.P~~,6Vdsm t~) •. 

BIWít:~ 

JS~ balaot'C '!Ve .~~ .SiIlB.·th, .eq!,WjQ!l or.~, 
'CW~); 

2;71 

'WhémAb iube'absorbcd tlICrBY.(jO\lk.s ~. JWW"' I). R ismutine 
· ~iraútm. .l:tiUJW~·19lt:IbJoIJI~ .~la~e~~on' •• aDilP 
~t,he~~y tI.\~ mi~~tIDp .~~J\$$lcMi~~e... 
etJY (~wlIs~tima\l!ll,l u$blg the. rquationCRosas el al., 1998): 

N ':P+ ,R 

Prod~(P) was obtain~ fmm t~gl'ówth ~ rA the sht(mp. 
1'11e mcl!lll.v"ueof400ó~147 J' ,Ptw'" 'Wli$u.saItolnínSfonnlhc 
~"":tnlO ~Qnclldl$'~ rF'iMd~').TJals 'Val_,W'aS 
O~fri:iíj)'~MI!~¡QI (be @CtIIy CODlejt;~.be ~. !>f .. 2.$ 

stttimp~~Ib!:tn,6of.c~~.,reviO\lllly~w~ 
bemolc .adct 
~. (Ibollt) óitlisal mecáboUsm' (Héu¡) w.ai óbt,"* 

'tIv:'oúIíi:~ ,~~ni~~bl'tJinO,f'..,.(12b) 
1itrdrilp~!) ' • , <;' ~ Olty.n~~~~ ·w~ ~ 
~~.~ . •• ~~¡~~~~$ fJO'r~~<Ro; 
.au(:~ 19D). ()~FIl~foÍl ,was calCulaícch ... fólJó<lw: 

VO, · ... ~ - Q,..,.: X' Fr 

, ~VO:t ~ OX~DeOll!~ (~ o,.~'~l;); o~ 
~~,~ :d~ ~~C:nCMbc .1JltIt~ 

~1)~,~ ik ;o")iktí\ '~~ilt' tbt ditero, 
:L- 1,);¡.Md :Píls' .. thié,flOw ~t,e(L b:"·'\. Oxyaerr~OI(c:álinlti(ít¡;~ 
1QIf~l!~'''~''w (Jlt¡~ (YSI ~Q8'di*~ Dl9'tqn,.,OR) 
~a,P9t~~J:.tO:OJ r,n¡ L-J>..,~.l:rcalibnltocJ 
wili éd seawalet lit 28OC. Thc! sbrimp ~ tbCIn.ted 
'tood . mine,",oN:í~.~¡()~¡8;l!,ádJiri;diáR~íPñ~ 
..... ....a...- -. ............ _ .... "' ... OO<l ................... :ina~~ 

,~<I!."'.,.t_'"'-~.~<!! ,,' ' '\',_,~ .', .". 
~ 'W!~t · .. ~l9~iheO;XY~~. '{JyfOo,;cl,,,, 
~tiOP. ~gmt .~ of 'fd stúim"wu measUfeícl 
évttY 'ItoUH«'~nie.M!m 0800 add J'300-1SOQ b. Clric:ledlc 
cxpetrméslr .. . ~Juded. ,~ :titu:iinp ~. w.é,i¡t\~. SJ#Ilie 
1OJ6~Qlt)'_~BIe'.(qJ;"~ h-l)Was~'~ 
",,;Vfbqt~all . . ' l'hc:~_,oftbe.~t;~ .. 
~tAm)'¡ 'DagJ- Wá$ ~rmm.tJAj dllt~ 
~Y()2,ófthOUííf«f~JiiidJbe_ihtüm\'al .. __ 

· afta: (CC;diq. . .¡.. .. '~.' l iarl
' 'QO,"~i~ ~actQl'. of '~)'acn;.~ 

· w.oo;qs_ JO trWf'(l{m _he un~iaáaft;:d VO, to.1 '1 . ,dry 
~t:;(dw:,1lUC8 1993). . Alon' wjthdle, ~~, uonsumpticln m_~ ... ~ 

'~~;Miil:í_~~~ wmt,~~~:~ 
tj~ .w~~ •• "di~<~*, .. ~~ia .~ 
~~Afthe eDb1UlIC!e.and fhe. eltiLar dd respítometdc c:ham-
bér,lftainUkl,JIedl?)' Uíe_otwm!r floW. Tbe~~i1f 

· a~~(~ ~ia: Na.+ ... ~) • . ~illl$i",~ . 
Aow ¡~oo_ ~cmr~t9Jtsy~~m ~ .~ "",,0\\',L'993): 
1"fíis r«lmiqUéíi óOlJ$Í$t$.ofa catrier .stteam ofNAOH«()'.ol.~ ' 
sepuá_:J'ñ:im;linlnCll~;$OluiiOl'J·(~)moli'bJ_O" .& .L-')' •.. 
t)~;",l/i$i~Je~~. AJlim~ilidn the~](t ' 
fa ~~ ~~. Nlta.. whict)'dift\lscs.ac::rGSI,dIe ~e 
aud reactrrwiib 'abé i~ 10 ~. ap~CoIOr 
ObanPtblít~de"".".f~r. /~ . crdibratjOo a.r,ew 
~.i ... 4i~ " . " , áf (NH.l,:;6", Tbe nntQl'jai' 
e~, ot 1U)f~· '. . ~ ~~ niboJen ·~.n> 
tim; riNE) 'Wasl»n'lfeitcdto~ onitsUlliflJ'1be, v8tUe of20.5 

· J~rmgK-NH:3'~féd:(~.J~3}aiMt.filied . \lI_:fórw' 
~.1Ost ~ feéd¡nl'~'!',- ;Ihe.eneqy 1Oilt .afteT rc.~i1a. 
TomJ'JImIQOI.IJa .eItC~tiQQ .~. 4eflned as:VT_ 

RA'U1llldlJ~ á,-,-'-W:W'dAy-'Í) ~ .. ~~~'. 
the,tDnó:1'Ié!iedtrd. fQrpéai ,oX.ypn «I!OlQ\Pumatled'c:tdio, and 
'tbe;llU~ot~~ t~~~per 4;11 (R~ ""'. 3>, 

133 



TABI:&1. 

o.tIJpowah~ 01 t. ~)n'hDa"".u. MIl ~ ~iIB 'fSPt'rt.Int. l!dd'W:. ~ 
'41 ...... ~,.,..... 

wu 
HCBO LCBO 

lahial wel'¡bt ... 
l'illll ~"'I 
$IINf~aI •• 

1.31*0.01 
8.4l~o.I9 

1&*6" 
!$ 

J.39.0.02 
&..s.lz(U8 

Q.06.'l).OS 
4.IO,zO.34 

Q .tdO" 
55 

1.20*0;21> 
- ~ 

o.O;.b.ó, 
6.~znn 
~'4i(/l' 

$8 
,141, i: O~1" 

6 

~.Y' 
DOC. .... 
N 

"'1 *.0.4" 
6 

,60 * 6" 
57 

1.63'* ().4" 
6 

t>iftereatletter .... tiIItI.IIk:al.diftuetilClt.l.. P < O . .Q5. 

Va.·. mcu = SE. 
lilCHO.* ~ ~ l.C'HO.low~ elltloJ.,..,. 
BAfI' "'" ((vQz ,ar - V'P.t tif"J( 14.~ J lllg- ') x(T'X kl)) 
U~ == ICN'" NH.laf - N-NH, bf)( 203 J :mg:-l) )( (T')( Rr)J 

.~. V~~ N-NH.$ are .d!o OJCYPO ~ Iftc:r (al) and 
befurD ~f) fc!edinJ,. 143 1."",-1 md 2O,si ~I-l u.re thi= COIlJIIInt 

;q, CO.Iivwt.~Jt1~ Pr N.-NfI;. in ~ UJIbs.tú ltme ~ito1'ellC:luhe 
~ aftei' feedift¡. 

Ri- ''';(1_ ()..-1 ww da,..·) ~estimMCd at: 

l(NOjl ... r(V~:bf x I:4J J mE') x ' (T.., x MI 
tI_ "'" tO"i -~ bf ~ 2C),.!j ' .IIl.IfI) X (T oit 1< Rf)] 

'wbeni T;."iJ 1M di~ ~ ii. q( • . day. (24 b) lUId 
(Tx 1ft),' 

~.~ 

SraisdW ADIJyses WI!fe'i1lSleCl .1ilepl11IIlIIIy ha. ~a,perimem. 
~~. qf,.poW1h nwé$ w .. ~i*",~1Ibr é.IIO 
~ 10 mpblSilc ,di$rY. ¡.flOlttl!CC. s~ t--1CS~ WCi'C 
used on final av~ weipi piils. 1be effect oC~· cdo
b')'Clni¡cewu",tcd lor~¡ic and~"'úsinJ·2;.WlIY 
~.;o."~~~ ~ I.~ 0Ae-ft1 ~Of 
v~e,iD ~_1 Are ..t..e1.ND.fónDaclon WU usedprlor 
10 ",..ófaurrivat "'~d:iD jíCR:CnUtaa.1IomopIcity 
ol varlaaee.s or all dillributiGú Was ~ted Wilh eoc: .... ¡ •• tea. 
MeaDa-~ dudnJ tbcaaunent "CR c:omptrCd by asiD, 
Dúida', ~n.qe .$CSt ~ 1974). . 

REStJ1.1'S 

¡;q. ... i 

Tbe~. :~ QOCf&icnt ~)ti., a1l'ec:Ied bt .~ 
atO.mt _ ,~iQlkimpf~_7Cti.~_1A 
wlJd. Wimp (Tab'le 1; p. < 0.(5). Tbe' DGC of ~ 
lihdmp Wá hi .... r in sbrimp red Wicb Inw di4D:y CRO.'- ... 
in sbrimp W wWl high ~ CIJO (P < 0.(5). 'Np'cliffcRnc~$ 
WCtO~· ~ wikllbrimp lcd Witb lUih' u 1ft d1etcy 
t:HO levels (Table 1; fJ '> nOS): .survlval was 1lOI 1lffected by 
dietúy CHO in ,"!becof lbesbr,imp pop.l .. ions. ~.J'DIeI.D viallÍe .OI 
69';1, $1UYi~ WG obJainal:jo alI ~ (1'''' 1) .. , 

~l 

ThIt .,,11Sa tiCtivity wll$: aIIecbid 'bY lÍíeb9JCflO ... ' .. 
bigIwr ~ wlld &IItbap .. ÚI '7~oa slldq¡ (F'tg. lMP'~ 
0.05). A fti&ber~)'Iue 8Ctivity ... ~in'lril~ !ihrí'mf ~ 
wlth hi!.h dietaty CItO (l$ 0:1 lUlm8 proceirt) Jbanin wUd~p 
féd'.wIJb Iow ~Cf{O (26.8 rul'Úll ~.:~ liit\ific:i!IíI\tl~ 
JOWI!l' mieM ~ oflllll"II5e'8Cñ~ WIIS ~,1n slÜirap;frg¡n 
die 7th-generariOlt popUJadon (211l:UmB p.l'Ob!in) lbao itl '-wtki sbd,. (111. lA:, P -< 0.1»), 

El.jiWi · ... ' 

~:..... .... GHn'hÍl' .. l .. m-.. .. "'.w.......... ihe'!~.i .... ·... " .. 
~J ,,,. '~.,'-;;~ \~~~~~"'~ .: ",~1~ , 

wld:l'fái.QlllCliDshmnpWw'iditow,d{claryCJtO.(l~ . blf 
~j,áIId )oW: 'ft1ÍIeí in .JIuinip fed j,jlb 1üait: CÍiI!CU)' 'ellO("-1 
mima 'prolldía} (1" < 0.05; F'i¡. · I~); 

EliptI ..... l 

A lower Blu.x.bela()JY1Dpb Iev.,. WG .~ ¡., -p; 
IIhilmp fed ,wiiJtlDW'diaar)"CHO (0.;13 mtind..)é!o~ wltb 
diat meatured· ift . .,iJéL al ~~tádOft citlt8('Cfd ~ (~i't 
~ofo.li~· FiJ. lA. P< 0,:0$). 

T.ÁiftBJ.. 

·1JIIIII ...... ~tflic! . ....,~·I1IL...,....II_ 
~~~~~ 

IlIlrla! wei&fw, ... 
flaiI wdJfJl, J 
&.wVlval. fA 
~. 
()(]€ . ... 

N 

BalO 

O,OOj :tG.GOI" 
o.:72td04 
13:t' 

.36 
1.9. *0."-' • 

O:OOJ :t';0:.001" 
1.01:t~0:.05 
11~'6, . 

l6í 
21.1 i:~7r 

I 
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45 A 

.a4Q 

i~5 
'!tr~' 
5, 2~ 

f~O' 

1: , 0, 

c. 

b 

a 

a.¡-----t-----t-----t---............ 
' VWd HCHO WIkt LCHO 7,.HCtiO 1lhLCt40 

Pot*~rta1rt 

25th HCtto 26th lGHO 

a.táiy dfO 1M' 
~ 1.~~l''IiIIIR",~ ., ...... ·1t1¡..,.. .... ~ L. 

.~(A) .... .25 ..... ~C1IIIbIred.¿, .• --.d (Ill,.Na. * 

.. ~ __ ~ .. dId.eah._.Il«!S·.f.,...; ~, ,,,,,, 

Elrpa .... t2 

A~píficaatJy hilb.lluoose ~,mph level WIIS ~ in 
~,,~J\shrim9fed wi1b biSflCHO(lmglml:.)matWAs 2.6-
~~tbC"jl* ,, '.~lea wJ.Ih lbWalO,{O$9,mllmI:.) ,(flg;, 
l8; .P<~,O~). 

.mp. .. ~~ 

Eapeblat ·1 

J)~~ ~··sI)' CC?nce~was aff~~dietJry 
éQOa1Ícftbe:ori¡:1D Uf, (Fie:. 'AJ.1n WiJd and 7,tb-.amtratiOn 
c:uJtured SIu:imP. a IttcIl;JlYcoam ~Dtratiott w-u meuuRtd in 
hdmp'(ed wid'llow ~'9iO(P < O.ÓS). . 

L¡iw.....,t'l 

In ~:p~on (:u.Jb,ualIih~1W> ··tbe bi¡h die."qocen 
level W8S measured ÜJ sbrinip '~d wilb1Q~ dletarY CBO (2.0 

27.3 

_s) dWwu3C)(lí tligbcrthan lImt:inWimplcd. Witb low ciicwy 
CHO~"'''mgfg; ' :P <O.OS; A,. 3B) .. 

p.,.",./if A1Jtn¡p/N l'Gratillw. 

An eis:ln·band panem WItl ·obsetved in the e1e.ctropIJorelÍc 
aoalysi:s ·of .",ytue: Tbese pancms wete cJassified imo 'two 'Sy ~ 
1:i:m$f:sy$tCGl • wltb &lklcs ... b. Md j; ., "ys1emtWo with me 
'4Ikle$: ." b. 'C. ~ and c~(P"~ 4). Botb ~'~'~ polYíJ*Pl:UC 
(T.tbJe ).Sys~. 1 ~ lQ(ll'e coqscrvative Iban 'S)"!CD 2. In such 
a sy.$lem. alkac.. ~ b.and d ~ tale wldl' an alJelk ~y 
<0;0$. A reduc;dQn in Hin 'IY*m 2 was obktvéd ilíIo ~sli
<;_dpqp.,~ 'With~ ~$es in wjld ~(H - O.29)...,d 
Iow.· V*lues 'n 2SUJ-~tiOn c:oI.tuRd shrimp .popuJation. (H -
o.(8)., n:fte~~ ahip ~ or~aOsity. AmylMc 10d 
fromv.ilclánd 7wgéncmtionnltured 5htit.np·~in equi1ibriu~. 
~~ ~, tbe. ~.~ ofC!11t.~ $biimp showed si8~ 
nl&aotde'Vil\tion txom Hatdy-Weinbeq pmpoItiom {hetI!rozygo.. 
Si. ~.p < ,om)(T_'" 4)-... ~ 
EIf; ..... lI!IItt 

O~ygen consumpti'Oil ot f2.J\ :fasting !lbñmp wu affec:ted by 
did.iu?'"CHD in 'i:.tMh.W,i)d aÍ1ld CúttuRdPGPQlations. a-..,Io $). 'Tbct 

1,,2'0 

1.0Ó 

~O.~.Q 
.~~J.~O 
10,.40' 
C) 

A, 

b 
! 

b 

!!: 

O.O'Q.·+----+---.....¡I------t----I 

'1 

~ .0:8 

·~o.6 ' 
Jo., .. 

W HC.HO W LCHO 7 HCHO 1 LCHO 

PopUIatIonOrigIn and DI4ItICY CHO I~I 

s b 

a 

0.+--------""+--------.... 
LCHO 

~tyCHO."" 
F~ 2., GIw:oH ~ léW:l 01 wIN •• 7dl..pnenlIOll ftIJ. 
twW4 ........ itf¡\)~~IilIIIíued ... (JÍ..,M ... 
~S'B.. ..... J'* ..... ~~ .. ,,.< .. OJe1'eL 
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6 A 

5 
-' .... r e 

J: 
1 

b 

t 

d 

• 

O+-------~----~------~------~ 
WLCtIO WHCHO 7LCHO 1HCHO 

il:o 

8 e 
5 

C1t4 
E ¡; 
" f 

Dietary CHO level 

b 

O+-------------~------------_4 
HCHO 

DteUI'Y CHO • ..,. 
FÍpre11:Í1 __ ...... ~fllWÚd ... ~ .... 
Lo _¡l~(.&) .. _~.éulblftcl ......... (I~ ·Mto~SE. 
.......... 1IaIIr-_ t1111111da1141 ....... at r < t.o5 ...... 

*.,Q:q¡~~«lJ~ WM: ~ ÍI\ 7dJi. •• ratic:tn: cul
hftd sbrimp (6.651". ~ wd wej¡h't) fed with hiih ~ 
CHO (P'<70.D5). m lQwest cuygen (XlOSUmptiolt value wasin 
~ 1I11r:iJn¡) flllttWitlí IOw diétary CHO (0.19 fDtO:zlbl' MI weiáh: 
p <(lOS). ~ QifFO'COu.tmRdoo '* ~·atttr .fc:cdina in 
~h iratment {t_lc 5); Oxy~ CODlU.OO -O( .sbri1ftp daring 
reédlita followec1eit1Xr ot-.wo pllll1li:1Ds. Ooe lorwfld ihñmp ted 
Yiílb ' 1ow .~ CIJO eod tbe oCbcrfor (be ~Áiftg .. lbritrip 

,~ups, Dw'ing-fe!dn'g. OJtYFlc~ of Wild ~p ftId 
.nth Iow diléary CHó W1II1I si,"ificant:ly 'rower~!!l wnd~ 
red blgb .c1i!1ary cm) sIu'inl~,-.d 1m.,e1iéradoa shdmp/ted wiIh 
ldtIi Of lóW ~ cuc:¡..1;I ~ oxy~ ~~ i~ 
rapidJydef~·_~lCd~~l~Jübt. Ievd, 
iúJUlar te 1IIoIc. at the .stIrt of apel'iment. 'Ibo time; ~ 10 

' ld1ieWt o"YPÍI (lOQ1¡umption peak was biJhér la 7tb;¡Dradoo 
$biimp f\!ld W'ith' hi~ dietoq CHO (2 b) than in ·a11 temainiDl, 

.5.t'IrittIp ¡r001*(0.5 1'0_'. 1\). 

TABLE.1 

Gmedc • ...-,. (J1J .. WId ud aaIl __ ~ 411· L-..-. 

W"lld 
7111 pe/'MiOG 
2Sth plWf1lim 

029 
f1.21 
9,0.& 

weiJtM). A.tnIQcmia 6.~0II ~ akr f~ ~)i¡". a 
mUÍDlIIRI vaIuc bdween 0.5 10 3 b Iftcr fccd1ar ~ GIl 
sbrimp ¡roup (Table -6). 1'be hi,íbest poR¡InatdiaJ I1lun:DÓia.C:tcm-. 
tioo \'lIIu6 __ ~ fu 7dJ-geQeqlf¡OQ' tlrimp' f!:ld 1yitbiOW 

«dJI1 CHO~ tbe-~ ~ wi~ ~~ f~. Vdtblji"" ~ 

0.. 

r . 0.. 
: 0.5 

Q:4 

I·M 
0.2 
0,1 

() 

• 

0.1 

" 
'. 

• 

b 

.; 

:: 

11 e 
___ .1 

.~ 1Ioi:4.· 

"''''''''J2 

.ntl~n'~~ 

DHqttO 
.lOtO 

. ~ .... ndlon cuIII.iNd ~ 
aHCHO 
.~ 

.• b él • b ~ ~ • 

s ........ ' ~2 

~.cx.crttitm~fatiJI.Wijchhrimp(lOCfI1va1ueofO.06 fItur*'" A-.rr., ...... wIId, ~ ... ~da .... 
mg 'N-~. wct wei¡ht) was.slJaÍflcaD1ly ~ dlu: iD 711\- .......... __ -o millltMl .wiIII"-'~~(H~,.."""'" 
pueration. ibnmp '(mean· value· oC O.IS m& N-NHllv,wct CHO (LCIlÓ)o . 
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PH'lSt:OI...OQ1C. G8NmC V Jl,ltl.\TlONS D4' L. V6NHAM~ 

"~4. 
AIkIk::~""co .. pIIiIIDD"""'·~t ........ UfL. ......., rro.n·wiJIl (Mf»wl.'?dt ... rrMiOlt.at ....... ~ .. 

~tIOn eoll~"""I .. p>: 

Witd 
7t;Ít~ioo 
2:5fl;~~ 

SI 

. . 

,.sI 
NS .. 

NS,' 

,NS; :W~.t,~~~ '~~~"S,"~ ítjfT .. ~P"< 9-QS .~v~ 

7>.'ltcsplnuory cftdCtq:(;RIAS) WWI loww in wiÍdIhan in7tb~ 
~'c~ Ibdrar _ \Vp;':~ bi.diewy'cÍl(511l 
~~.,~a~e~).Iri~.'~~ (,!!/f.S) 
~bi~\~m~ld;íhall~ 7~¡~ $hrimp and ~gf)e"Jft 
·.OW'féd Witb ~ow éIIctaq. e .RO ln 'botIt' lbrimp.,poups. 

..... ,:1 

:~.~, 

No,~wu ~ in u,.l\'~ t»l~áCtftlOnSU(lIP-

:dw.\'átjICS. ·fl'O~(~·~P'~.~~!iO ,~ 
weilht;' . . om~.iA.simfIar'MIllti.tDÚmoJGI" ' 
don "al" ;Wáu>DtaYtd in Pódi diC:1Ii:y SIiiiáJp p..,. (O.,J2'm, 

:~g. 'iI#' WciJb.t). 'J'IIC. time IP ~ ~~. wu 11iffetl:nt 
~~ .. _J':h,I9l':5hri . witbJlialt dietuy'CltQ 

! · 'h 'ti¡.~P;t~. JóWa. m<) (Tabte 8)~ ...... ~ 
1~~"_~tio!J~"l.~bf ..... ~;l\III;tSiml.~ 

,ucsU' "cmi<w, betweeq~{mean -!le ,of ' 
O.tJn mg . g '-'étWeigJif; l> ,~o.oS. ~ 9): ~tee. 
i.,dIe álnnit?iüa~!l~i'Rtl& ti_)" ~b ~e;.pi:ák 
. *dJ.l"inbl,llJltml~.wimJ.gh~s.Q¡~p fep wi.,. 

. ;C$o"iO.(MC);·m, 'N~N1rM*'Wei¡Iit) Ud lCNt 
trf ltiiriJóB·(1:d',.,iílilOw'·Gict¡¡YCIJ()(O.OSS ma NóNH"I}V, 

WCl-.ijbt; P<O.~J. 
,n"iCwy ,Cio·~~ « • .., tO).~íoP tc.Ivri~"ll" 

1~'CfIo:lwfihe~t<~óf~ ftom1tr. tbai 
Wtís cha~ t~ '-1 (9ó~) _in_~ time tho lq~ 
~ of t ...... ~ WD used. t:n,~Ht (4"l~ ln ~trast. d!~ 
hip ~ot CflerJ)' of UT..w.,' tbatW,D "IISP~ "as 'in 

TABLE'S. 

~_~~ (iQi~.x. ·...",IiíIIfi'*"« "''''('-'PÓ) l!IIi4.t~,fIiiIéI'.I ... :iiIfIIIir.~.~"'t·J~ 

~~. 

t ...... 
~~~~~. 
'0;59,*'0,1')' 
o.6r~o.íl· 
~,:~:q1' 
~5~;10~ 
OA6cO;W 

Di~ aeaer _ SÍlltÍltJcII climnnccá, Ji < o.os. 
V . !ltSB. 

O4$" 
.*o.~ 

o.~=(J.W'" 
0.28 !ltO.óS" 
~=O.~ 
Ol22r~o.W 

. ~'~~! ·tató;towdleuq .~ 
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tM''!!:o1ll6'' 
r.:.61*~ 
Q.M",0.09" 
1Í.7ii:tÚW 
o.ifhiO,OS
Q.:3'#:".W~ 

~4*~'or 
o.ii .. ci.. 
o;,lh:IJlV 
~~liio.lI· 

QJ'.Q..~ 
o.6t:t;'f).14'!' 
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TA.~" 

~ atRtiób (GtC N H¡NC""'t) 9t L _i lII'fu u.. tu'-"ltJ_' • .,.ruS Id tl .. ~ IKm.eDII ......... JIiII EseaJ".IIU. 

'l'\In.a AftíW 
" .... . 11 . BCIfO 

WUeI 

o 
o.s 
I 

:1 
,3; 

4, 

000 JI: C.OO'l" 
Q.18~o.~· 

0.12: 0.003" 
Q.~9.;:O.OO3" 
o.OS !I: C.OO3" 
MI :1:0,003" 

0.05 :0Jl08" 
0.15 :t 0.02-
O.19:ttUl3~ 
tul :t 0.03e 

0.21:t OJ)6" 

Oll1*~ 

0.15:::0.0;& 
O. t 5 :1: o.a:s-
0.16 ~O.OO"1I" 
(U6!1: 0.01' 
O.a*AW 
o.tl6*Mt 

0.1420 O.OZ" 
O.J4:t()~ 

d3'~QlW 
o.l4 *'~,03," 

:1!,:-g; 
~IIÍ J.etln' 1néuí,~ cIl,ffeiN~. P < 0,05, 
v ........ .nteÍIIJ :1: SE. . 
~ hilh~ ~ J..CHO.lOw dic.tiÍÍ)t ~diJiIés;, 

Sbrimp réd Wltb Jów'4'lHitaryCHO (87~) in compari:soo ao7SfJIr Iost 
iD' .u,o. in sbriiop &id widI' l:úgb diewy CHO~ InverseJy me ~ 
RQrtion ()f f)T~ ltát ,~ fost U · (1", ~ hl,ber.ia~mpJ~ witlt 
bi¡b diccary. CHO(25'iJ,) than insbrimpfed withJowdietuyCRO 
(J3~; T.we 10). In bodl tl'CitúDeDts09S~ ohncrgy absorbed (Ah) 

._Qlil~'~. ~ CHO ~ AS alld ,&ró'iII:th Ud 
'~~~8brlmp fte.d· wi.dltow~·Pf9 sbo~ 
tbe J1i:s1íer ~ ud gxowtb eftidency 02,.) cocapan:d wieh Sbrimp 
ÍCCl witlllíi¡b didM)" 'CHO (61~. T'IbJe lO). 

DISCIJSSlON 

IoI.. ·YMlICIlfWi .1híimP fJom lb!é: :2$tb-.cW.turecl .~ ex .. 
bilIl~(J lé$s: ~tY' tbIá, éllit wjld ~. ,ñóJo' mWt$ 
~ntil. ~e 1~l'!~ (¡81tun!d sluimp sho.Wed an intenne
di.lte pnetic ,aQd ph,YSiolop: allfll'llÜOo. Allhoagb ~1I demon
aua'te tignifiC!tl1t ¡eoedc d1H~ amoo¡ QI!tllted ud w.i1d. 

'gopWlIiotI$w~ ~ \JjI(ín ()Olym .líJlíyl*· ~~ nWbr. 
t,!Ie«ka~ ~.~tyJO, confirm iUdt~.IIt'~ 
:oltQ!,\A 1e"cl t1Irou¡hKqQCDCC ~tion' oí tt.;amylue ¡ene, as 

; riémnínéailcd by Xv • aJo (2-000 átici' (jarda-M~o el ,al. 
(2001). A IJIIDI! deta:iIed stJMl)' invalvíng molecular bialogy and 
gen_ alteralioG$'by dome$ljc~.of L. ~ is iJj;~. 
As., ~~, Of ~ ill M~ populll&iont. carboby. 

dnlte me.tabolísm 1'OIJRi (b)'dí'ol)JÍS:;' tÍbsQrpÜOn:; aid ~sís) in 
sbrimP fed.w:idi diffcnmt dietáry CHO w atfeét6cLA ~ 
cl)t)'tllle ac:aiY¡~ oro ~:w,,&:terv~ OQ 

popolltion c~iCs; .. wild .sIIr.imp amylase ~víty W8$ • 

daced by h!ah-ttiea.:y atO w~ Jow dÍeIary ClIOiDdocect • 
higbamylucltetiYity in caiturcd ~'If~'o{~ 
gOsis.meaos a .n!duttIon in ay1aSe .... thieft~Jáse.ac:tiv.¡ty: 
iJIib:tioá was a 'amtpellAb)l 'respoase lo Ob1:lift~1üJfiést'(Jbl
-iblé gJucose 'tn:Jm thc diet. i~n& c;nz)'me ~s wbéA. 
shri~ are f1!'d ~~b low ~ ~ .. ~ ~ ~ Dt:"'~ 
Sbl'imp anucess~of<1ieJar>: CHQb1I~-amylUf.:;..m~'~~ 
t:bos:e. sbrimp Uve alJ Ibe ,~, i:I: 'tbc -.yl*/~¡ t() 

, ~$pOftd ~dy .10' di ~~~ tf .-nw-p~" .. 
dtimesticalied shrimp iSd'fici.t~~ ~~ di&ü:ryCHO.it 
~ ·be.analyzed m a ,. ... COIlI4ltL ~ • ~ l3lIQ!" 

plrisoo canD.Ot be 4o.fte amoq me ~ stWtied pop.s)atioOs. k IS 
éYldCm tbi3 is a RdoctiOn ia .y".m\'ity ISr.~ óf 
~Itk~qa;wimbtlh \I"~.~ ~~24 U();~ 
ro m8~J pro,IelD~ ~ in '7~~ ,~ 
{betwom 16 to 25,m ma-I ~ lIftd! Iow in ' ~etMiCn , 
cul,tnted shtimp (baw~ 3.6 ll) l5.' ro 1118-1 pj:Jíebi~ Fj:g. 1). 
Sucb redUc:tiM i.IIIc:IicaI6 'W, Che redIlCtiQn tLalJd :t'n!,quency of 
amyJl!Sc aen~, -afí~, ~ ad8ptad]le' .a)¡Uty of .~ to UJ!?' 

TMtLE? 
_~~ .. ~.r l... ..... ri:Dper.ilDtlltl. 

It.. '~/Pw 
,RNIf. JI!JA'Ilpw, 
R ........ 1IIay/gww 
U;.. J#a:y/ftW 
V""...liüylptW 
~,¡ff.'Ja;,lIv(w 
p.. 1Jüylpi"ilt 
4bsaqIdoe (,AIt) Rdá'y1pW 
AuimilltioA ~ 1/*Y,1pw 
~ .. ~naiI«Iión. AN"'" 
RespimImy d"ldmey. .RlAt 
~~n e1!k'ieDeY ...• P/~ 
MeID*SE. 

t"'.1*1:9 
5.2*1U 

1.5Ú 
24.7;t1l.13 
&3.8* 1.9 
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Respuesta fisiológica de los juveniles 
de Litopenaeus vannamei, silvestres y cultivados, 

alimentados con bajos y altos carbohidratos (3 y 44 %) 
Cristina Pascual, Carlos Rosas, Gabriela Gaxiola y Leticia Arena 
Laboratorio de Ecología y Biología Marina Experimental, Facultad de Ciencias, U 

Introducción 
Abstract 

The hemolymph components were used to identify metabolic changes between cultivated 
(F7) and wild juveniles of Lilopenaeus vanname; shrimp, fed wilh low and high 
carbohydrates (CBH) (3 y 44 %). The daily growth coefficent was highest in cultivated 
shrimp fed wilh low CBH. The results obtained demonstrated lhat wild shrimp were more 
able to use dietary CBH than cultivated shrimp. The total hemocites count and lhe protein 
level in hemolyph show a similar behavior. Both indicators has been used like health state 
indices and were highest in wild shrimps fed high CBH. That results reflects some effects of 
the domestication process on physiological state of L. vanname;. Furthermore, the 
components of hemolymph show the diversity of the metabolic response in the wild 
shrimps. 

Investigaciones recientes indican que el proceso de domesticación de las poblaciones 
cultivadas de L. vanname; conduce a la perdida de alelos del gen de la alfa amilasa (Arena, el 
al. ,en impresiÓn). Esto podría significar un cambio en la capacidad de los camarones para 
degradar a los carbohidratos dietéticos (CBH), reduciendo así, el espectro de posibilidades 
para el aprovechamiento de los alimentos formulados. 
En el presente estudio se utilizaron a los componentes de la hemolinfa para identificar 
cambios metabólicos entre las poblaciones de L. vannamei, silvestres y cultivados (F7), 
alimentados con bajos y altos CBH (44 y 3 %). Se incluyeron además, evaluaciones 
imunológicas (la activiadad de la profenoloxidasa evaluada en el degranulado de hemocitos, 
el conteo y la caracterizacion de los hemocitos), con la intención de lograr una visión del 
estado de salud de los organismos expuestos a un proceso de domesticación y la relación 
con el estado nutricional. Resultados y Discusión 

Material y Métodos 
Los camarones cultivados en ciclo cerrado (F7) fueron 
obtenidos de Industrias Pecis S.C., y los organismos 
silvestres de la Laguna de Huizache y Caimanero, 
México. Por 60 días, los camarones fueron alimentados 
con peletizado de alto y bajo nivel de CBH (44 y 3 %) 
(Tabla 1). Cada tratamiento contó con 6 réplicas, donde 
se mantuvieron 10 juveniles en estanques de 0.28 m' , 
con sistema de agua de mar de flujo constante. Para 
comparar los patrones de crecimiento se utilizó el 
Coeficiente de Crecimiento Diario (%DGC). Al término 
del experimento se utilizaron 40 organismos por 
tratamiento para determinar la concentración en la 
hemolinfa de glucosa, proteínas, colesterol, y la 
concentración de glucógeno en la glándula digestiva 
(GGD). Se realizó el conteo y caracterización de los 
hemocitos, la actividad de profenoloxidasa fué evaluada 
en el degranulado de hemocitos y se determinó el 
estadio de muda. Los datos de los organismos en 
intermuda se utilizaron para identificar el efecto del 
origen de las poblaciones y del nivel de CBH dietéticos, 
a través , de un análisis de varianza de dos vias. 

Tabla 1. Composición de los alimento experimentales. 

IlIgrediellles (%) 

Caseína 
Calamar 

Aceite de harina de bacalao 
Lccitina de soy.! 

Almidón de trigo 
Prcmczcla de vitaminas 

Rodimix (C) • 
Minerales 
Colesterol 

Celulosa 
ComposiciólI (%) 

Proteínas 
Lípidos 

CBH 
Energía Digerible t 

AltosCBH 
19 
20 
8 
2 

44 
2 
2 
I 

0.2 
1.8 

30 
10 
44 

17 Kj/g 

&rjo.rCBH 
55 
25 
8 
2 
3 
2 
2 
I 

0.2 
1.8 

66.5 
10 
3 

19 Kj/g 

Figura 4. Hemocltos granulares y activtdad de 
profenoloxidasa de los Juveniles de L. vannamei, 
silvestres y cultivados, alimentados con bajos y altos 
CBH (3 y 44 %). Promedio .:t ES. Letras distintas 
indican diferencia significa tiva (P<O.5) entre los 
tratamien tos. 

-----
2.5 SiI\eS1res Culti_ 

Bajos 

El patrón de crecimiento fue significativamente mayor en los camarones 
cultivados que en los silvestres. El nivel de carbohidratos (CBH) de la 
dieta afectó el crecimiento de los juveniles cultivados, siendo 
significativamente mayor el DGC % de los camarones alimentados con 
la dieta de bajos CBH. El crecimiento de los juveniles silvestres no fue 
afectada por el nivel de CBH en el alimento (Fig. 1). El mayor número de 
alelas del gen de la alfa-amilasa reportado en las poblaciones silvestres 
de L. vanname; puede ser relacionado con un manejo adecuado de CBH 
dietéticos en un rango de 3-44 %. Mientras que la disminución de los 
alelas del gen de la alfa-amilasa de las poblaciones cultivadas parece 
representar una desventaja en el aprovechamiento de alimento con alto 
nivel de CBH (44%). 

Figura 1. Coeficiente de Crecimiento Olano de los juveniles de 
L vlNlnamei, silvestres y cultIvados, ahmentados con baJOS 
y allos C8H (3 y 44 lI). Promedio! ES. L.~as dislintas Indican 
diferencia significativa (P<O.5) entre los tratamientos. 

En ambas poblaciones el nivel de glucosa en la hemolinfa y la 
concentración de glucógeno en la glándula digestiva estuvo en 
concordancia con el nivel de CBH del alimento (Fig. 2). Sin embargo, en los 
camarones silvestres la concentración de GGD fue significativamente 
mayor cando fueron alimentados con altos CBH. Considerando que los 
organismos silvetres cuentan con un mayor número de isoformas de la 
enzima alfa-ami lasa, los presentes resultados concuerda con la relación 
observada entre la actividad de la alfa-amilasa y la curva de saturación de 
GGD de distintas especies de camarón (Rosas, et al. , 2002) 
El nivel de colesterol en la hemolinfa fue significativamente mayor en los 
organismos silvestres e independiente al nivel de CBH en la dieta (Fig. 3). 
Ya que los camarones no sintetizan colesterol y puesto que las dos dietas 
experimentales contenían el mismo nivel de colesterol, las diferencias 
observadas entre las poblaciones de camarones indica diferencias en el 
metabolismo de los lipidos. 

o. Silvestres Cultivados 
Figura 3 Concentración 

r 

I 
de colesterol en la 

1; 0.3 

I 
hemolinfa de los juveniles 

~ de L. vannamei, silvestres 
y cultivados, alimentados 

I I I 
con bajos y allos C8H (3 

0.2 Y 44 %). Promedio! ES. 
Letras distIntas indican 
diferencia significativa 
(P<O.5) enlrelo. 

01 tratamientos 
Altos Bajos Al"'" Bajos 

PobIaciones-CBH 

La actividad de profenoloxidasa y la cantidad de hemocitos granulares 
fue mayor en los camarones cultivados (Fig. 4). El conteo total de 
hemocitos mostró un comportamiento similar al nivel de proteínas en la 
hemolinfa (Fig. 5), ambos parámetros son considerados indicadores del 
estado de salud y en el presente estudio se obtuvieron los mayores 
valores en los camarones silvestres alimentados con altos CBH. 

Conclusiones 
Los procesos de selección normolmente aplicados en las granjas 
camaronlcolas se basan principalmente en el crecimiento. Los 
resultados obtenidos con los c amarones culHvados señalan un 
metabolismo en base a las proteínas. m ientras que los componentes de 
la hemollnfa de los organismos silvestres Indican un mejor 
aprovechamiento de otros nutrientes como CBH y lípldos. Los resultados 
reflejan que el proceso de domesticación de L vanamel a provocado 
cambios a nivel fisiológico y señalan la diversidad de la respuesta 
metabólica de los organismos silvestres. 
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Figura 2 Concentración de glucógeno en la glándula 
digestiva y nivel de glucosa en la hemolinfa de los juveniles 
de L. vannamei, silvestres y cultivados, alimentados con 
bajos y altos CBH (3 y 44 %). Promedio! ES. Letras 
distintas indican diferencia signifICativa (P<O.5) entre los 
tratamientos 
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Figura 5. Conteo total de hemocitos y concentración de 
protelna en la hemoUnfa de Juveniles de L. vannamet. 
silvestres y cultivados, alimentados con bajos y altos 
CBH (3 y 44 %). Promedio ± ES. Letras distintas indican 
diferencia significativa (P<O.5) entre los tratamientos. 
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Indicadores de la condición fisiológica del 
camarón blanco Litopenaeus vannamei 

Pascual Jiménez, Cristina; Sánchez Arteaga, Ariadna; Rosas Vázquez, Carlos y Gaxiola Cortés, Gabriela. Unidad 
Multldlscipllnaria de Investigación y Docencia, Fac. Ciencias, UNAM, en Sisal, Yucatán, México. 

Introducción 
El (..,. '.,0 de comor6n represento uno bueno alternativo ante lo disminvd6tl de 10 pesco en oIlomor. y ha Ido 
o~ mayor participación en el SVITIir'Iktra del producto, ante un mercodo mundial en crecimienTO. 

El camarón blanco del Pacifico. liropeno.us vonnomel, es lo segunda especie m6s iI'npOftonle que 
se produce o nivel rr..Jndiol y lo m6s elltensomenle uTilizado pora su cultivo ()fl Nn6rico. No obstante 
poro manTener e Incrementar su produeci6n, es necesof1o contrOlar lo presencio de enfermedades 

B eslobled"Jenlo de un cuodro nfeccloso es altamente depencftente de la condiCí6n lbioI6gic:o 
de los animales, En este sentido. un mayor conociniento de lo bioquimico songuloea de los 
camarones penniff1a idenOOcOf los mediciones que pudieron proporciono .. moyOf inlormod6n o 
cerco del estodo de KI~ y lo susceptUdod de los organismos ante los condiciOnes de cultivo. 
alguna enlennedod o su estado nutriclonol. Por lo cual. el objetivo del presente esruclo fue 
detemmor si los componentes de lo sangre (hemolnloJ reftejan lo condición rlSiol6gico de los 
juveniles de COn'lor6n asoclodos 01 estado numciOnol (S , 1 S Y A() ~ de protelnos dietéticos) y tipo de 
cultivo ¡condiciones controlados. 90 1. Y eseolo ploto comercial, 20 1), Al Igual Que en clnlca 
humano. se evaluaron los melaborllos pl0sm6llcos ¡prOlclnos, lactato y glucosa), lo concentración 
del pigmento respIJotorio (hemocianina) y el conteo y carocterizaclón de cblulm circulOlorios 
(hemocitosJ . 

Estado Nutricional 
Diseño experimental 

y métodos Tipo de cultivo 

TClblaI A!Imento .~m.nlglconlres~M 
prote'nos (bOio meoo y 6or'mol 

...... - ,~ 

l4c;Jr1nQoeAncncMtlO ... , .. . S 
_M~ .. " ).1$ _M_ 

us '. -"M_ , , 
A.oeHlgoooIoWoo " 

" 
OJ - ,. ,. 

~. " lov\1b.·C ,-
Altrio6nCMITrIOoHatvo "28 .... ~ , -

8 eJ;pcrYnenlo tuvo uno durocl6n de 50 dia~ con un 
dlscflo completamente otcotorizodo, con 6, 8 Y la 
repicas poro el tl'Olomente de 40, 15 Y 5 'Jr. d. protmOl 
respectlvomenTe (Tabla 1). En codo uno de olos se 
montuYioJon 10 Juveniles por tanQUe 190 filros) , &t sistema 
de aguo de mor fve de lIuto conslonte: temperOlura de 
28 !. ¡·C, 00 moyor o S moll. pH 7 9 o 8 ,2 y soIiridad de 
lSUPS 

Al lemwlO de los experi'nenIOS se obtuvo lo 
hemoInfo con un }eongo de 1 mi. Poro el 
conteo de hemocitos lo hemoinfa se 
mezclO con solución "/sever 110 'Jr. formol) . 
la coracterizocl6n fue rnorl0i6glca. la 
ollihemacianlno midl6 con el 
CspeCtl'oIOIÓmell'o considerando su 
coeflelente de extinción. los metobalitos se 
evaluaron en plasmo, por lo cUOl. se mezclO 
lo hemoInfo con uno solución 
cntiCoogvIante ¡1:3) y se ccntritvg6 (800 
g/3m.n) 

Se utlizaron krtl comerdoles: exatelnos 
por método 8radlord ¡aiorod col. 500-
00061; glucosa (aoyer Sera Palt P\Is cal 
&014S09-01) y IOctoto (Sigma-caT. 73S) . 
El estodio de muda lue delcrmnodo 
por el desarrollo de los selas y se 
ufilzoran poro el on61isk solamente a 
camarones en ll'llennudo. 

8ajo condlclon.. de iobofotorlo (90 1) los 
camarones fueron ofmentaron por Al) dios con 
OIimento formulodo, otorgado o uno teso del 1 S 
'Jr. del peso húmedo por dio (Toblo 2) . los 
por6meIl'OS Ilsic:00l.knIcos fvet'on muy 
constontes: lemperotufa de 28 !. 1 "C , 00 mayor 
o S moll, pH lo 8,0 y o uno solnldod entfe 32 o 36 
UPS. 

En condlcloMl piloto comerclol (20 t) los 
camarones fueron OIItncntodos por 110 dios con 
alimenTO comercial ¡35 'Jr. de prote!no, "pi 
comat'6n ul1ro de MOItO Cloytone) sun"\ll'ltSffado 
o lXIa tosa deiS 'Jr. del peso hUmedo por dio. los 
PQr6meIJOS lisicoqulmtcos fuaon rruy SII'riIores 
en ambos ~tivos, excepto por lo 
tetT'\OefQtufa QUe oscló entre 27 o 29~ . 

Crecim iento Resultados y Discusión 
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En el preSGf'lle estudio el cfocrniento, lo condición nu!Jlcionol 
y la respuesta Inmune de los camarones presentaron el 
mismo potrOn de resultados. B peso, los hemocrtos. lo 
hemocianina y los proteinos fuefon significativamente m6s 
OIlos en ;uvenles alimenTadOS con .a 'Jr. de proteinos 
dietétICos, En los camarones cultivodos o escolo pIoto 
comerclol los niveleS de hemodaolno, Pfolelnos y gk.cosa 
tvcron slgniflcativomente mayores que en condiciones 
conl1'oIodos, 10 cual se olribuy6 o lo productividad natural 
de las estanQUes. Estos rewltodos concutm:lon con 
Investigociones onleriores donde se sel"lalo 01 metabolsmo 
de proTcinm como 10 clove pora enlender el manejo y 
destino de 10 energlo en los camarones, 

lo hemoinlo constituye lo vio de Iranderenclo de energio, 
de Intercambio de Informoclón poro lo teguloci6n 
meIOb6lco, el 11'000000000e de ol6geno y tolT'lbitn. es lo sede 
princ:ioOI del SlSlema RnunoI6gico de los comorones, por lo 
cual. los estudias sobre lo dinámico se sus componentes 
pueden S(If de gran imporToncio pora entender los 
adaptaciones fislol6gic:ol 01 praceso de dornestlcocl6n y el 
tipo de cultivo. los evaluociones utilzodos en &t presente 
estudio 50n sencl10s y relotiYomente de bOjo coslo, y 
odemós, lo obTflncl6n de 10 hemor.,' a puede realizarse sin 
sacrificar 01 camarón (camarones con mas de 2 g), 
cumpliendo osi. muchos de lOs carocteñsticas de la 
fNoUociones ulillodos poro diagnóstico clrW:o, 

lotllo' &tocr$I'<:o~YPf\M'bOOOI'OllOlCllkJoaM ~ c:otI'\IXII*IftnMIo 
ntIfT\CIInto ~~....., rnonfIInboIen tnIOnQUM paoto c._daI ,A' y cond6c ...... 
c.o,..oIodo. ,I ,O'!III1If'dos&ItU,r'cO$o 1"0:0.0.5 
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Conclusiones 
los CompoMntes de la hemollnfa 
reflejan el estado nutridonal e 
InmJnotótko de los juvenUes de 
Urop.noeus VD'I'Ir'IOIMI, por lo cual, 
pudieran ser utilizados como Indlc.oores 
del estado de salud ~ los proaramas de 
monItoreo y control de enf~ZKiH en 
las granjas camaronicolas. 
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Energetic metabolism and immune response of 
Litopenaeus vannamei juveniles to dietary 

protein: feeding and starving conditions. 

VII 
Simposio Internacional 

Cristina Pascual, Ariadna Sánchez, Jaime Suárez, Gabriel Taboada, Gerard Cuzon, Gabriela 
Gaxiola 

and Carlos Rosas. Unidad Multidisciplinaria de Investigación y Docencia, Fac. Ciencias, 
UNAM,Puerto de abrigo, Sisal , Yuc. México. crispas6@yahoo.com 

Introduction 

"' 

e hollenges of shrimp industry are directly related wifh 
resistance disease, gaod growth ond low casi of artificial 
food. 

Pro'ein metobolism (requirement. use and 
tumover) is funda mentol lo Ihe growth ond 
immune condition of shrimp. 

Therefore. Ihe objective af Ihe presen' study WQS 

lo invesligole Ihe effecl of dielory prolein (5. 15 
and «»ól on energetic metabolism. reserves 
monogement and immune response of 
Ufopenoeus vonnomei juveniles in feeding and 
storving conditions. 

Methods 
A group of 150 shrimp (1 .59 + 0.07 9 wel weighl) were used in Ihe r",1 
experimenl. Shrimp were reored for 50 doys in 90-1 lanl<s (lO shrimp/lanlc) 
and fed differenl prolein levels: 5. 15 and 40 % (Table 1). The effecls of 
protein level on energefic balance were recorded by ¡nges'ion rate (II . 
respiratory rate IR) and biomass production of orgonism during its 
growing process IP). Energy losl from feces (H) ond urine producls (U) 
wos calculoled as (H+U)=I-R+P ond ossimiloled energy (As) as R+P (1) . 

Al second experiment 180 shrimp were reared for 21 days (60 shrimp in 200-1 
lanlc) . and fed wilh two prolein levels (5 and 40 %). Afler lhal lime. blood 
melaboliles (prolein. glucose. choleslerol). oxy-hemocyanin (OxyHc) . glycogen 
and total lipids of digestive glond (DG) . and immune response 
Iprophenoloxidose activity. respiralory burst. hemocyles counl). were 
measured in 15 shrimp per treatment. Only shrimp in intermolt slage le stage) 

Tab'- 1. CompOSition a l experimenlal d¡el Ig kg '1 
Total energy a l lhe Ihree diel: 16 kJ g -' 

Exarirrwllll orot 5% 15% 40% 
/ltY::tY:Nvfishmeal 56 168 460 

SCJ.idmeal 12.5 37.5 100 
Soy bean meal 22.5 67.5 100 

Soy bean ledltin al al al 
Cod liveroil 43 32 22 

Vitarrins 17 17 17 
Mnerals 8 8 8 

Ct-des1l!rol 2 2 2 
ROYirrix--C 0.286 0.286 0.286 

Nati"" v.I1oatlOU' €aJ.l 496.4 192.8 
Filler 199.6 142.3 O 

At9naleNa 10 10 10 

were used. 
These evaluations were considered as initial fosling values. The 
resl of Ihe shrimp were nal fed by alher 21 days. During Ihis lime. 

S shrimp per trealment were sampled every 7 days_ ANOVA was 
applied lo results of growth rote. survival. and energetic 
balance. metabolic and immunological parameters_ 

l
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o 7 \4 21 

PrtMin5 % Ffdan~~ 

Days 01 stavation 

Results and Discussioñ; 
t<> 

Ag.1 We.ghl 01 OIgeslrve gIond ond body ot L VOl"lnornet 
tT'ICW\tained in Slorving (21 doys.) ond leeding previOusly 
wlfh 5 and «) ~ prolein diel 101' ltTee weeb. 

The two weeks af fasting decreases 
significantly the hemalymph components 
(proleins ond OxiHC) (Fig. 2). ond reserves 
(glycagen ond 10101 lipids n DG) (Fig. 3) . 
Stvimp fed wilh oplimal prolein diel (40%) 
presented significanfly higher values af body 
and digeslive glond weighl (Fig. 1) and 
immune variables (hemacytes caunf ond 
respiratary burst) . befare ond afler starving 
period (Fig. 4) . 

TotH 2. Energy bOlOnco ol l. vonnomei jUYeniles led d.tferenl dielOfY prolcin levels. 

Acknowledgements 

We thonk: Gemmo Mortínez, Enrique Hidalgo, Nelda 
López and Miguel Arévalo for physiological evaluations. 
The authors Ihank: Dr. Ana Roque for criticaUy reviewing 
the manuscripl. Thank:s also to CONACY T for CP 
fellowship No. 159135. 

.~ 

"" 
7 1-4 21 

Protein5 % ~40% 

Days 01 starváion 
Ag.2 elood Pl'olcln ond hemOcyof'W'l 01 l vOMOmei 
moinloined In storv!ng 101'21 doys:. 

G rowth of L. vonnomei was high in shrimp fed 
4CJJó diete tic protein in componson to stvimp fed 
5 and 15%, An inverse relation between wastes 
(H+U) and dielary pralein level was observed 
indicating fhat shrimp losl 81 % af ¡ngested 
energy when fed 5% prolein. and only 5.6% 
when fed 4O'!b (Table 2). 
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'Ig. l . Reserves 01 juvennes in stONlng condil iOl"l (21 doys) . 

Conclusions 
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