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ABSTRACT

The digestibility of fish meal and soybean meal by Litopenaeus vannamei was determined at different
temperatures (22°C and 28°C) and salinities (16%o and 35%o) using practical diets based on ingredients
available in Mexico. The digestibility of soybean meal was consistently higher compared to that of fish
meal, in terms of the apparent digestibilities of dry matter, crude protein and aminoacids, suggesting that
soybean meal proteins are more readily digested. For fish meal, the apparent digestibility of the dry
matter was reduced by high salinity at 28°C, and the carbohydrate apparent digestibility was reduced by
high salinity at both temperatures. The high salinity also reduced the digestibility of dry-matter, lipids and
carbohydrates in soybean meal at 28°C, but had no effect on crude protein digestibility. This may have
implications for the role of carbohydrates as source of energy in practical diets for shrimp. The results
also suggest that the fish meal used might have been of reduced quality.

Key words: Digestibility, temperature, salinity, soybean meal, fish meal, shrimp

RESUMEN

Se determiné la digestibilidad de la harina de soya y la harina de pescado en el camarén blanco
(Litopenaeus vannamei) a dos diferentes temperaturas (22°C y 28°C) y salinidades (16%o0 y 35%o),
utilizando dietas preparadas con ingredientes disponibles en México. La digestibilidad de la harina de
soya fue m4s alta comparada con la de la harina de pescado, en términos de digestibilidad aparente de
materia seca, proteina cruda y aminoacidos, lo que sugiere que las proteinas de la harina de soya son mas
digeribles. Para la harina de pescado, la digestibilidad aparente de la materia seca fue menor en
condiciones de mayor salinidad y 28°C de temperatura, mientras que la digestibilidad aparente de los
carbohidratos se redujo en condiciones de elevada salinidad a ambas temperaturas. La salinidad elevada
también tiene un efecto en la reduccion de las digestibilidades aparentes de la materia seca, los lipidos y
los carbohidratos de la harina de soya a 28°C, pero no se encontrdé ningun efecto de ésta sobre la
digestibilidad aparente de la proteina cruda. Esto puede tener implicaciones en el papel de los
carbohidratos como un recurso energético adecuado en las dietas balanceadas para camarones. Los
resultados también sugieren que la harina de pescado utilizada pudo haber sido de mala calidad.

Palabras clave: Digestibilidad, temperatura, salinidad, harina de soya, harina de pescado, camaron.
INTRODUCTION INTRODUCCION

Aquaculture production, especially that of La produccion por acuacultura, especial-
carnivorous fishes and crustaceans, depends mente de peces carnivoros y de crusticeos,
depende del uso de la harina y el aceite de pes-
cado como fuentes principales de proteina y
lipidos. Hoy en dia existe la tendencia a reducir
ésta dependencia mediante el uso de otros
recursos o fuentes alternativas de proteinas y
lipidos, con igual o similar calidad nutritiva,
lower cost (Tacon, 1997). pero de mas bajo costo (Tacon, 1997).

The accurate measurement of nutrient La medicion precisa de la digestion de los
digestion and assimilation efficiency of the nutrientes y la eficiencia de asimilacion de los

completely on the use of fish meal and fish oil
as main sources of proteins and lipids. Today,
there is a tendency to reduce this dependence
through the use of other sources or alternatives
with equal or similar nutritional quality, but
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dietary components, loosely termed digestibil-
ity, is essential to achieve an optimal diet for-
mulation, both biologically and economically.
Several researchers have derived feed digest-
ibilities or assimilation efficiencies from
growth experimental data (Fenucci ef al., 1982;
Bordner et al., 1983; Smith et al., 1985). Oth-
ers have examined the metabolic effects of diet
changes (Nelson et al, 1977; Clifford and
Brick, 1979; Bordner et al., 1983). The diges-
tive enzyme analysis is yet another analytical
tool that has been used to evaluate digestion in
marine crustaceans (Lee et al., 1984; Lan and
Pan 1993; Ezquerra et al., 1998).

The direct measurement of the apparent
digestibility of diets in shrimp is difficult
because of problems when measuring total
ingestion and egestion in an aquatic environ-
ment (Akiyama et al., 1989). However, previ-
studies

ous digestibility

vannamei have reported that diet and protein

on Litopenaeus

digestibility coefficients are influenced by dif-
ferent dietary protein sources as well as by the
age of the animals studied (Smith ef al., 1985).
Seidman and Lawrence (1985) studied the
effects of different dissolved oxygen (DO) lev-
els and found that the apparent digestibilities of
the total dry matter (DMAD) at concentrations
of 1, 2, 3 and 4 mg L' were not significantly
different.

Shiau et al. (1992) investigated the digest-
ibility of fish meal, soybean meal and casein in
Penaeus monodon in both brackish and seawa-
ter (16%o and 32%o of salinity, respectively).
Salinity did not affect the digestibility of casein
nor that of fish meal but it affected the digest-
ibility of the soybean meal, which was signifi-
cantly lower at 32%o. Coelho (1984) examined
the effects of salinity (10%0—40%o) at a given
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componentes en una dieta, denominadas
comunmente digestibilidad, es esencial para
lograr una formulacion bioldgica y econémica-
mente 6ptima. Algunos investigadores han esti-
mado la digestibilidad de los alimentos o sus
eficiencias de asimilacion a partir de datos
experimentales de crecimiento (Fenucci et al.,
1982; Bordner et al., 1983; Smith et al., 1985).
Otros han examinado los efectos metabolicos
del cambio de dietas (Nelson er al., 1977;
Clifford y Brick, 1979; Bordner et al., 1983).
El analisis de las enzimas digestivas es también
otra herramienta analitica que se utiliza para
evaluar la digestion de los crusticeos marinos
(Lee et al., 1984; Lan y Pan, 1993; Ezquerra et
al., 1998).

La medicion directa de la digestibilidad
aparente de las dietas en los camarones es difi-
cil por los problemas que representa medir en
el medio acuatico la ingesta total y las heces
(Akiyama et al., 1989). Sin embargo, estudios
previos de digestibilidad en Litopenaeus
vannamei reportan que los coeficientes de
digestibilidad de la dieta y de las proteina son
influenciados por las diferentes fuentes protéi-
cas de la dieta, asi como por la edad de los ani-
males estudiados (Smith et al., 1985). Seidman
y Lawrence (1985) estudiaron los efectos de
diferentes niveles de oxigeno disuelto (DO) y
encontraron que las digestibilidades aparentes
de la materia seca total (DAMS), a concentra-
ciones de 1,2,3 y 4 mg L, no eran significati-
vamente diferentes.

Shiau et al. (1992) investigaron la digesti-
bilidad de la harina de pescado, la harina de
soya y la caseina en Penaeus monodon tanto en
agua salobre (16%0) como en agua de mar
(32%o). La salinidad no afect6 la digestibilidad
de la caseina ni la de la harina de pescado pero
si afecto la digestibilidad de la harina de soya,
la cual resultdé significativamente menor a
32%o. Coelho (1984) examind los efectos de la
salinidad (10%0—40%o) a una cierta temperatura
en P vannamei y P stylirostris en el
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temperature in P. vannamei and P. stylirostris in
the laboratory. The results indicated that salin-
ity had little effect but if low-protein feeds
(20%) were supplied, DMAD reduced by 30 to
40%. The crude protein apparent digestibility
(CPAD) was not affected. The shrimp showed
higher DMAD, CPAD and aminoacid apparent
digestibilitly (AAAD) at the higher salinity
when soybean meal (86% of the feed) was fed,
but they were not affected with fish meal or
casein at the same level.

Several researchers have examined the
effects of temperature on feed digestibilities in
crustacea. Temperature had no effect on the
DMAD
Macrobrachium rosenbergii fed with a high-

in  Procambarus  clarkii  and
protein feed (Nose, 1964; Newman et al.,
1982). CPAD was found to be affected by tem-
perature in Penaeus monodon (Shen and Liu,
1993). Ezquerra et al. (1998) evaluated the
CPAD at different temperatures in P. vannamei,
using an in vitro pH-stat assay and an enzyme
preparation from shrimp hepatopancreas.
Although temperature has been shown to influ-
ence the degree of hydrolysis of fish protein
samples (Dimes and Haard, 1994), Ezquerra et
al. (1998) could not demonstrate any differ-
ences among the hydrolysis degrees at 23, 25
and 27°C.

The present study was carried out in order
to evaluate, in vivo, the apparent digestibility of
protein, lipids, dry-matter and aminoacids of
two diets in L. vannamei at different tempera-
tures and salinities that harvesters use to find in
their ponds. From this diets one was based on
high-cost fish meal, and the other was based on

low-cost soybean meal.
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laboratorio. Los resultados indicaron que la
salinidad tuvo pocos efectos, a menos de que
los alimentos tuvieran un bajo contenido pro-
téico (20% de proteina), en cuyo caso la
DAMS se redujo en un 30 a un 40%. La diges-
tibilidad aparente de la proteina cruda (DAPC)
no se vié afectada. Los camarones mostraron
mayores digestibilidades aparentes de la mate-
ria seca, de proteinas crudas y de aminoacidos
(DAAA) a salinidades mas elevadas cuando se
proporciond harina de soya (86% del ali-
mento), pero éstos mismos factores no se vie-
ron afectados cuando la harina de pescado o la
caseina se ofrecieron al mismo nivel.

Varios investigadores han examinado los
efectos de la temperatura sobre la digestibilidad
de alimentos en los crustidceos. Nose (1964) y
Newman et al. (1982) observaron que la tem-
peratura no tenia efecto sobre la DAMS en
Procambarus  clarkii 'y  Macrobrachium
rosenbergii alimentados con una dieta alta en
proteinas. Se encontrd que, en Penaeus
monodon, la DAPC era afectada por la tempe-
ratura (Shen y Liu, 1993). Ezquerra et al
(1998) evaluaron la DAPC a diferentes tempe-
raturas en P. vannamei usando el método pH-
stat y una preparacion enzimatica del hepato-
pancreas de los camarones en un ensayo in
vitro. Aunque se ha visto que la temperatura
influencia el grado de hidrolisis de las muestras
de proteina de pescado (Dimes y Haard, 1994),
Ezquerra et al. (1998) no pudieron demostrar
diferencias entre grados de hidrolisis a 23,25 y
27°C.

El presente estudio se llevo a cabo para
comparar la digestibilidad aparente, in vivo, de
la proteina, los lipidos, la materia seca y los
aminoacidos de dos dietas en L. vannamei, a
temperaturas y salinidades que los productores
de camaron suelen encontrar en sus estanques
de cultivo. De las dos dietas, una fue preparada
a base de harina de pescado de alto costo y, la
otra, se hizo a base de soya, de mas bajo costo.
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MATERIALS AND METHODS
Experimental shrimp

L. vannamei juveniles were obtained from a
stock held in ponds at the La Cruz del
Naranjero farm, Sinaloa, Mexico. All shrimp
had been fed a maintenance ration of a com-
mercial shrimp feed (approximately 35% pro-
tein, dry pellet).

Experimental diets

Two isonitrogenous and isocalorific diets
were formulated based on practical and techni-
cal-graded feedstuffs obtained from commer-
cial sources. The feeds were prepared in the
laboratory by drying, grinding and passing
them through a 0.5-mm screen mesh. A meat
mincer with a 2.0-mm-diameter die was used to
produce the spaghetti-shaped diet which was
cut in pieces and dried overnight at 40°C. Then
it was packed in plastic bags and stored in a
freezer at —20°C, until required. The formula-
tions and subsequent proximate analyses are
shown in table 1.

Proximate analysis

Analyses for crude protein (%N x 6.25),
Kjeldahl nitrogen (Tecator 1030), total lipids,
fibre, ash and moisture of the diets and the fae-
cal samples were performed as described by the
Association of Official Analytical Chemists
(AOAC, 1984). The proximate analyses of the
diets varied only slightly from the designed
composition. The aminoacid composition
(table 2) was determined after hydrolysis in 6 N
HCI for 24 h at 105°C to 112°C. The samples
were evaporated to dryness, mixed with Na-
EFDR buffer and were then analyzed using a
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MATERIALES Y METODOS
Camarones experimentales

Los camarones juveniles de L. vannamei
utilizados en el experimento se obtuvieron de la
granja La Cruz del Naranjero, localizada en el
estado de Sinaloa, México. Todos los camaro-
nes habian sido alimentados con una dieta
comercial para camarén (35% de proteina,
pellet seco).

Dietas experimentales

Se formularon dos dietas isonitrogénicas e
isocaléricas con ingredientes de alimentos
balanceados y grado técnico obtenidos comer-
cialmente. Los alimentos se prepararon en el
laboratorio secando, moliendo y cerniéndolos a
través de una malla de 0.5 mm. Para producir la
dieta en forma de espagueti, se utilizd un
molino de carne con salidas de 2 mm de diame-
tro, los espaguetis secos se cortaron en peda-
zos, se secaron toda una noche a 40°C, se
empacaron en bolsas de plastico y después se
almacenaron en un congelador a —20°C, hasta
ser utilizados. Las féormulas y sus subsecuentes
analisis proximales se muestran en la tabla 1.

Analisis proximal

Los analisis de proteina cruda (%N X 6.25),
nitrogeno Kjeldahl (Tecator 1030), lipidos tota-
les, fibras, cenizas y humedad de las dietas y
las muestras fecales se realizaron de acuerdo a
los métodos de la Asociacion de Quimicos
Analiticos Oficiales (Association of Official
Analytical Chemists; AOAC, 1984). Los anali-
sis proximales de las dietas solo difirieron lige-
ramente de la composicion disefiada. La
composicion de aminoacidos (tabla 2) se deter-
miné por hidrolisis en HC1 6 N durante 24 h a
105°C-112°C. Las muestras fueron secadas, se
mezclaron con solucion buffer Na-EFDR y
después se analizaron utilizando un
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Table 1. Percent composition and proximate analysis of experimental diets.
Tabla 1. Formulacion porcentual y analisis proximal de las dietas experimentales.

Feed Ingredient Fishmeal diet Soybean diet
Fish meal® 67.15 0.00
Soybean meal 0.00 89.59
Fish oil 0.82 5.94
Corn starch (pregelatinised) 26.53 0.22
Squid meal® 0.50 0.50
Vitamin mixture® 0.50 0.50
Mineral mixture? 0.50 0.50
Agar agar 1.50 1.00
Carboxymethyl celulose 1.00 0.50
Betaine 0.50 0.25
Chromic oxide 0.50 0.50

Proximate analysis®

Crude protein 46.99 46.80
Total lipid 8.46 6.87
Ash 15.45 7.36
Fiber 0.57 3.67
NFEf 28.53 35.30
Chromic oxide 0.48 0.49
Energy® (kJ g ') 19.33 19.83
P:E (mg kJ-)h 24.38 23.62

Results are percentages, expressed on a dry matter basis.

@ Menhaden fish meal (Zapata Industry, Ensenada, Baja California, Mexico).

b Oven-dried 10 hours at 55°C, laboratory-prepared.

¢ Modified BTy, salt mixture plus minerals (mg/kg-diet): zinc, 31.5; iodine, 4.8; selenium, 0.4; cobalt,0.4.

4 Vitamin (/kg-diet) mixture with: vitamin A, 80 000 IU; vitamin D5, 2000 IU; vitamin E, 500 IU; vitamin K, 20 mg; niacin,
300 mg; riboflavin, 60 mg; pyridoxine, 57 mg; thiamin, 60 mg; panthothenic acid, 147 mg; biotin, 2 mg; folic acid, 20mg;
vitamin By,, 0.1 mg; choline chloride, 3000 mg; inositol, 200 mg; vitamin C, 500 mg.

¢ Based on triplicate analysis; standard deviations were less than 1.0%, except for protein (< 3%).

f Nitrogen-free extract (calculated by difference).

€ Energy values as: protein, 23.6kJ g'!; fat, 39.5 kJ g'!; and carbohydrate, 17.2 kJ g' (Aksnes et al., 1996).

hp.E= protein to energy ratio (Jones and De Silva, 1997).
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Table 2. Aminoacid composition of experimental diets.
Tabla 2. Composicion de aminoacidos de las dietas experimentales.

Essential aminoacid Fish meal Soybean meal
Threonine 1.58 1.36
Valine 1.51 1.28
Isoleucine 1.26 1.20
Leucine 2.27 2.22
Phenylalanine 0.43 0.33
Histidine 0.95 0.75
Lysine 2.28 1.68
Arginine 1.88 2.04
Methionine 0.59 0.22
Non-essential aminoacids

Aspartic acid 3.32 3.86
Serine 1.49 1.83
Glutamic acid 4.04 4.97
Proline 1.53 1.56
Glycine 1.98 1.33
Alanine 1.69 1.25
Cystine 0.24 0.74
Tyrosine 1.21 1.54

Data are averaged values from three replicas.
Results are expressed as dry-matter percent.

High Performance Amino Analyzer (Beckman
System 6300). The tryptophan concentration
was not determined.
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cromatografo de liquidos de alta presion (Beck-
man System 6300). La concentracion de tripto-
fano no fue determinada.
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Experimental protocol

The diets were tested at 16%o and 35%o of
salinity, first at 22°C and then at 28°C. Each
treatment had three replicates distributed at
random in two re-circulation systems for a total
of 24 chambers. Each chamber was an adapta-
tion of the Guelph method design (Martinez et
al., 2001). Water was supplied to each experi-
mental system after biological and mechanical
filtration, temperature control (£1°C) and aera-
tion. Daily measurements of temperature, salin-
ity (Atago refractometer), pH (Corning 56 pH-
meter) and dissolved oxygen (YSI 59 D.O.-
meter) were taken in tanks selected at random.
Ammonia, nitrite and nitrate (Strickland and
Parsons, 1977) were measured in four cham-
bers randomly selected, twice a week. Dechlo-
rinated tap water was added to the biofilters to
replace evaporation losses, as required.

During the experiment, the chambers were
covered with black net mesh to reduce the
effects of the stress caused by the disturbance
of the laboratory staff passing-by. Groups of 5
animals (10.2 £ 1.4 g, mean weight) were
selected at random for each diet treatment and
then, they were transferred into the experimen-
tal arrays where they were acclimated during 8
days. Before each feeding procedure, all the
fecal material was removed. The shrimp were
fed ad libitum during all the experimental
period twice a day, at 10:00 and 15:00 hours.
The uneaten feed was removed from each
chamber 60 minutes after feeding, and the
feces in each chamber were collected from the
settling trap into a sample bottle. Fecal samples
were then gently rinsed with distilled water and
dried overnight on petri dishes at 105°C. The
experiment lasted 15 days and samples were
pooled for analysis.
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Protocolo Experimental

Las dietas se probaron a 16%o y 35%o de
salinidad, primero a 22°C y después a 28°C.
Cada tratamiento tuvo tres réplicas distribuidas
al azar en dos sistemas de recirculacion, para
un total de 24 camaras experimentales. Cada
camara fue un disefio adaptado del método de
Guelph (Martinez et al., 2001). El agua fue
suministrada a cada sistema experimental des-
pués de pasar por filtros mecéanicos y biologi-
cos, control de temperatura (£1°C) y aireacion.
Diariamente se midié temperatura, salinidad
(refractometro Atago), pH (potenciometro
Corning 56) y oxigeno disuelto (medidor de
oxigeno YSI 59), en tanques seleccionados al
azar. El amoniaco, los nitritos y los nitratos se
midieron dos veces por semana en cuatro
camaras seleccionadas al azar dos veces por
semana (Strickland y Parsons, 1977). Se afiadio
agua desclorurada a los biofiltros para rempla-
zar el agua perdida por evaporacion.

Durante el experimento, las camaras se
cubrieron con redes negras para reducir el
efecto del estrés causado por el paso del perso-
nal de laboratorio. Se seleccionaron al azar gru-
pos de 5 animales (10.2 = 1.4 g de peso, en
promedio) para cada dieta, transfiriéndose al
sistema experimental en donde se aclimataron
durante 8 dias. Antes de cada alimentacion,
toda la materia fecal se elimind del sistema.
Los camarones se alimentaron ad libitum
durante todo el periodo experimental dos veces
al dia a las 10:00 y a las 15:00 horas. El ali-
mento no consumido se elimind después de 60
minutos de cada alimentacion y las heces de
cada camara se colectaron en una botella
mediante las trampas de sedimentacion. Las
muestras fecales se enjuagaron con agua desti-
lada y se secaron en cajas de petri durante 12
horas a 105°C. El experimento durd 15 dias,
extrayendo muestras para el analisis.
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Digestibility determination Determinacion de la digestibilidad

The apparent digestibility of the nutrients La digestibilidad aparente de los nutrientes
(%D) was determined with the formula (%D) se determind mediante la formula des-
described by Lovell (1989): crita por Lovell (1989):

oD = Amount of nutrient fed — Amopnt of nutrient in feces % 100
Amount of nutrient fed

In order to evaluate this apparent digestibil- Con el fin de poder evaluar esta digestibili-
ity, chromic oxide was added to the diets as an dad aparente, a las dietas se les afiadi6 6xido de
index of the undigested compound. The per- cromo como un indicador del componente no

centage of utilization is calculated from the  digerido. El porcentaje de utilizacion es calcu-
concentrations of this index in the feed and the ~ lado a partir de las concentraciones de este
excreta (McGinnis y Casting, 1964; Hepher, indicador en el alimento y en la excreta

1993). Chromic oxide levels, both in diets and (McGipnis y Casti'ng, 1964; Hepher, ,1993)'
Los niveles de 6xido de cromo en dietas y

heces se determinaron mediante la digestion de
la materia organica con acido nitrico. Posterior-
mente se llevo a cabo la oxidacion del Cr,0, a
Cr,0, con acido perclérico, seguida por el ana-
lisis colorimétrico del i6n dicromato con dife-

feces, were determined by first digesting the
oganic matter with nitric acid and then oxidiz-
ing Cr,0; to Cr,0, with perchloric acid, fol-
lowed by the colorimetric analysis of the
dichromate ion with diphenylcarbazide
(Furukawa and Tsukahara, 1966). All chemical nilcarbazida (Furukawa y Tsukahara, 1966).
determinations were made on a dry-weight  Todas [as determinaciones quimicas se hicieron
basis and in triplicate. The apparent digestibil- en base al peso seco y por triplicado. Los coefi-
ity coefficients (ADC) of the nutrients, based  cjentes de digestibilidad aparente (ADC) de los
on the indicator method, were calculated using  nutrientes, en base al método del indicador, se
the equation: calcularon usando la ecuacion:

0%Cr,0, in diet  %Nfed
oCr,0; in feces  %Nd[

ADC(%) = 100 — 100 x

where Nfe is the amount of the nutrient in en donde Nfe es la cantidad del nutriente en las
feces, and Nd is the amount of the nutrient in heces, y Nd es la cantidad de nutrientes en la

the diet (Forster and Gabbot, 1971). dieta (Forster y Gabbot, 1971).

The apparent digestibility of the energy El coeficiente de digestibilidad aparente de
(ADE) coefficient was calculated using the la energia (ADE) se calcul6 utilizando la ecua-
equation of Koshio et al. (1992): cion de Koshio et al. (1992):

% energy values in feces/%Cr, 05 in feces
% energy values in diet/%Cr,0; in diet

ADE =1 x 100

585



Ciencias Marinas, Vol. 27, No. 4, 2001

Statistical analysis

Percent data were transformed to the arc-
sine of their square-root prior to analysis. Dif-
ferences in digestibility were assessed by anal-
ysis of variance. Multiple comparisons among
means were made using Tukey’s test
(Montgomery, 1984).

RESULTS

Mean temperature, salinity, pH, ammonia,
nitrite and nitrate levels in the experimental
systems during the studies are shown in table 3.
All values were stable and within the accepted
limits during the trials.

Proximate analyses (table 1) indicate no
difference between the protein percent of both
diets, lower total lipid content in soybean meal
and high-ash and low-fiber content in fish
meal. Nitrogen-free extract is higher in soy-
bean meal while energy is similar in both diets.

The apparent digestibilities of proteins,
dry-matter, lipids and carbohydrates in the
experimental diets are shown in table 4. The
DMAD of soybean (65.7 to 72.9%) was gener-
ally higher than that of fish meal (56.7% to
65.2%). However, with both protein sources,
the digestibility at 28°C and 35%o of salinity
was significantly lower than in the other treat-
ments. The CPAD was significantly higher for
soybean meal (88.2 to 89.1%) than for fish
meal (73.4 to 76.2%) diets. However, both tem-
perature and salinity had no effect on the CPAD
of any of the diets tested. The apparent digest-
ibility of lipids (LAD) in fish meal was higher
at 28°C, at both salinity levels, while for soy-
bean meal it was only higher at 28°C and 16%o.
There was no consistent pattern in the total car-
bohydrate apparent digestibility (CAD),
although in soybean meal diets at 28°C and
35%o, it yielded significantly lower values.
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Analisis estadistico

Los datos porcentuales obtenidos fueron
transformados al arco seno de su raiz cuadrada
antes de someterlos al andlisis estadistico. Las
diferencias en la digestibilidad se evaluaron
mediante analisis de varianza. Para la compara-
cién multiple entre medias se utilizo la prueba
de Tukey (Montgomery, 1984).

RESULTADOS

En la tabla 3 se muestran la temperatura
media, la salinidad, el pH y los niveles de amo-
niaco, nitritos y nitratos en los sistemas experi-
mentales durante el estudio. Todos los valores
se mantuvieron estables y dentro de los limites
aceptables para la especie durante las pruebas.

Los resultados del analisis proximal (tabla
1) indican que no hay diferencia en el porcen-
taje de proteina de las dos harinas, que la harina
de soya es mas baja en lipidos totales y que la
harina de pescado es mas alta en cenizas y mas
baja en fibras. El extracto libre de nitrogeno es
mayor en la harina de soya mientras que la
energia es similar en ambas dietas.

Las digestibilidades aparentes de proteinas,
materia seca, lipidos y carbohidratos de las die-
tas experimentales se muestran en la tabla 4. La
DAMS de la soya (de 65.7 a 72.9%) fue gene-
ralmente mas alta que la de la harina de pes-
cado (de 56.7 a 65.2%). Sin embargo, con
ambas fuentes protéicas, la digestibilidad fue
significativamente mas baja a 28°C y 35%o de
salinidad que en los otros tratamientos. La
DAPC fue significativamente mas alta para la
harina de soya (de 88.2 a 89.1%) que para las
dietas con harina de pescado (de 73.4% a
76.2%). Sin embargo, la temperatura y la sali-
nidad no tuvieron efecto sobre la digestibilidad
de la proteina de ninguna de ambas harinas. La
DAL fue mayor a 28°C con ambas salinidades
en la harina de pescado, mientras que para la
harina de soya, solamente fue mayor a 28° Cy
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Table 3. Water quality parameters in the system during the trials.
Tabla 3. Parametros de calidad del agua del sistema durante los bioensayos.

Parameter n System 1 System 2 System 3 System 4
Salinity (%o) 30 16+1.0 35+£0.5 16+1.0 35+1.0
Temperature (°C) 30 22+0.9 22+0.9 28+ 1.0 28+ 1.0
PH 15 8.4+0.29 8.6 £0.34 83+0.23 82+0.16
Dissolved oxygen (mg L) 15 59+0.82 5.8%0.55 6.3 £0.52 6.1 £0.41
Ammonia (mg L) 5 0.002+0.0001 0.003+0.0001 0.003£0.0007 0.004 £ 0.0001
Nitrite (mg L) 5 0.002+0.0001 0.001 +0.0008 0.002+0.0001 0.001+0.0007
Nitrate (mg L) 5 7.8+0.92 7.5+0.93 1223 £1.3 11.77+1.2

Data are mean values + 1 standard deviation.
n = number of observations.

Table 4. Apparent digestibility of protein, dry matter, lipids and carbohydrates in the experimental diets
based on two protein sources, by Litopenaeus vannamei at two temperatures and two salinities.

Tabla 4. Digestibilidad aparente de proteina, materia seca, lipidos y carbohidratos las dietas experimen-
tales basadas en dos fuentes protéicas, en Litopenaeus vannamei, a dos temperaturas y dos salinidades.

g)er?;nitiztrit Fish meal Soybean meal
Temperature (°C) 22 22 28 28 22 22 28 28
Salinity (%o) 16 35 16 35 16 35 16 35
Dry matter 652> 648  602°  56.7¢ 7260 729 7470 65.7°
Protein 749°  762° 741> 73.4b 88.2¢  89.1*  88.7*  88.7%
Lipids 87.7°  83.5%  956*  96.5° 81.5°  86.7° 927" T74.6°
Carbohydrates 7972 73.8°  78.0° 745 723> 707 59.8° 5624

In any row, values with the same superscripts are not significantly different (P < 0.05).
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Table 5. Apparent digestivility of the energy (ADE) in the experimental diets.
Tabla 5. Digestibilidad aparente de la energia (ADE) en las dietas experimentales.

Ingredient Temperature Salinity Gross Energy ADE ADE
(°C) (%o) (kIgh coefficient (%) (kJ g™
Fish meal 22 16.0 19.33 774+ 1.4 14.96° +0.2
2 35.0 19.33 772013 14.91° +0.4
28 16.0 19.33 79.1>+0.2 15.28° +0.1
28 35.0 19.33 77.95 +0.9 15.07°+ 0.6
Soybean meal 22 16.0 19.83 826 +1.5 16.37% +0.3
22 35.0 19.83 83.2¢ £ 1.1 16.50* 0.5
28 16.0 19.83 80.5° 0.9  15.49° £0.3
28 35.0 19.83 7700 £12  1527° £0.7

Data are averaged values from 3 replicates, + 1 standard deviation.
In any column, values with the same superscripts are not significantly different (P < 0.05).

ADE coefficients were generally higher for
soybean meal (77.0 to 83.2%) than for fish
meal diets (77.2 to 79.1%), except for the soy-
bean meal diet at the high-temperature and
high-salinity treatment (table 5).

All of the 17 aminoacids studied (table 6)
had significantly different digestibilities in the
two protein sources, except for cystine, in fish
meal at 28°C and in soybean meal at 22°C and
for fenilalanine in which the lowest value was
observed in soybean meal at 28°C. The AAAD
of soybean meal was, in general, greater than
that of the fish meal.

DISCUSSION

The digestibility of soybean meal was con-
sistently higher compared to that of fish meal,
in terms of DMAD, CPAD and AAAD, sug-
gesting that soybean meal proteins are more
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16%o. No hubo un patrén consistente en la
digestibilidad aparente de carbohidratos
(DAC), no obstante que, en la dieta de harina
de soya a 28°C y 35%o, dio valores significati-
vamente mas bajos.

Los coeficientes de ADE fueron general-
mente mas altos para la harina de soya (de 77.0
a 83.2%) que para las dietas con harina de pes-
cado (de 77.2 a 79.1%), con excepcion del tra-
tamiento que incluyé la dieta con harina de
soya a la temperatura y la salinidad mas altas
(tabla 5).

De los 17 aminoéacidos estudiados (tabla 6),
todos tuvieron digestibilidades significativa-
mente diferentes entre las dos fuentes protéi-
cas, con excepcion de la cistina, para la harina
de pescado a 28°C y para la harina de soya a
22°C, y de la fenilalanina en la que el valor mas
bajo fue observado en la harina de soya a 28°C.
La DAAA de la harina de soya fue en general
mayor que la de la harina de pescado.
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Table 6. Apparent digestibility of aminoacids in the experimental diets, by shrimp Penaeus vannamei, at
different temperatures and 35%o of salinity.

Tabla 6. Digestibilidad aparente de los aminoéacidos de las dietas experimentales, en el camardn
Litopenaeus vannamei a diferentes temperaturas y 35%o de salinidad.

Ingredient Fish meal Soybean meal

Temperature 28 °C 22°C 28 °C 22°C

Essential aminoacids

Threonine 79.5°+ 1.2 81.0+1.4 87.22+0.7 88.82+1.9
Valine 79.5°+ 1.1 81.6°+ 1.7 88.8°+ 1.4 88.82+2.6
Isoleucine 832+ 1.5 83.2°+ 1.8 90.5°+ 2.0 91.0°+ 1.6
Leucine 829+ 1.4 83.1"+ 1.9 89.9*+ 1.4 90.6°+ 0.7
Phenylalanine 83.9°+ 1.2 84.4°+ 1.6 73.1°£0.9 96.37+ 1.8
Histidine 85.0+1.3 85.9°+ 1.5 91.0°+ 1.7 90.6°+ 0.8
Lysine 86.7°+1.3 87.0°+£23 92.28+2.2 92.32+ 1.7
Arginine 78.8°+ 1.1 81.6°+1.5 96.52+ 0.7 94.7+ 0.5
Methionine 84.6°+0.8 92.2°+0.4 94.22+ 0.6 96.2+ 0.5

Non-essential aminoacids

Aspatic acid 7726+ 1.8 79.5+ 1.2 91.42+ 0.4 89.92+ 0.8
Serine 73.3%+ 1.6 77.3v+1.1 88.4°+2.8 88.1°+ 1.9
Glutamic acid 78.7°+ 1.8 81.3°+1.3 92.7°+ 1.3 90.92+ 0.9
Proline 71.4°£0.7 72.8°%1.2 89.74+ 1.4 88.9°+ 1.8
Glycine 66.5°+0.9 68.3°+ 1.0 86.6°% 1.6 85.92+ 1.7
Alanine 76.2£0.8 76.9°£ 0.6 89.54+ 1.7 89.4°+ 1.3
Cystine 84.3*+0.8 nd 96.22% 0.9 79.8°+2.1
Tyrosine 74.6°+ 1.1 77.9°+ 1.6 91.22+ 1.5 89.82+ 1.9

Values are averaged values from three replicas (10/replica).
In any row, values with the same superscripts are not significantly different (P < 0.05).
nd = not detected.
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easily digested. Compared to the values
reported by Akiyama et al. (1989) for L. van-
namei, the DMAD values obtained in this work
for the fish meal were similar, while those
obtained for soybean meal were consistently
higher; the CPAD values obtained for fish meal
were lower, while those for soybean were con-
siderably higher. Above all, these results sug-
gest that the fish meal used might have been of
a low quality.

The DMAD for fish meal was reduced by
the high salinity at 28°C, whereas the CAD was
reduced by the high salinity at both tempera-
tures. High salinity also reduced the dry matter,
the lipids and the carbohidrates’ apparent
digestibilities of soybean meal at 28°C, but had
no effect on CPAD, as found by De Silva and
Perera (1984) for Tilapia mozambica. This sug-
gests that, under the experimental conditions,
16%o of salinity was better for the digestibility
of the nutrients measured.

Although there have been few studies con-
cerning the effects of temperature on the
digestibility in crustaceans, it is likely that
water temperature is an important variable.
Although water temperature had a significant
effect on feed ingestion, neither Nose (1964)
nor Newman et al. (1982), in Procambarus
clarkii  and  Macrobrachium  rosenbergii,
respectively, found significant differences in
their DMAD. However, Shen and Liu (1993)
found that in P. monodon CPAD was opti-
mum at 30°C and fell rapidly at 35°C . In
respect to the temperatures used in the present
study, which are commonly found in shrimp
farming, these showed no influence in the
CPAD as there was no significant difference
between the values found for both meals. The
CPAD was significantly lower at high tempera-
ture and high salinity in both meals, meaning
that under these conditions the digestibility
efficiency is lower, as was also observed in fish
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DISCUSION

La digestibilidad de la harina de soya, en
términos de DAMS, DAPC y DAAA, fue mas
alta comparada con la de la harina de pescado,
lo que sugiere que las proteinas de la primera
son mas facilmente digeribles. En comparacion
con los valores obtenidos por Akiyama et al.
(1989) para L. vannamei, los valores obtenidos
en el presente estudio para la DAMS en la
harina de pescado fueron similares, mientras
que los valores obtenidos para la harina de soya
fueron consistentemente mas altos; los valores
de DAPC para la harina de pescado fueron mas
bajos, mientras que los de la harina de soya
fueron considerablemente mas altos. Sobre
todo, estos resultados sugieren que la harina de
pescado utilizada puede haber sido de baja cali-
dad.

Para la harina de pescado, la DAMS se vio
reducida por la alta salinidad a 28°C y la DAC
se redujo con las salinidades mas elevadas, a
ambas temperaturas. La salinidad mas alta tam-
bién redujo las digestibilidades aparentes tanto
de la materia seca como de los lipidos y los car-
bohidratos de la harina de soya a 28°C, pero no
tuvo efectos sobre la DAPC, como encontraron
De Silva y Perera (1984) en Tilapia
mozambica. Lo anterior indica que, en las con-
diciones experimentales de este trabajo, una
salinidad de 16%o fue mejor para la digestibili-
dad de los nutrientes medidos.

A pesar de que ha habido pocos estudios
con relacion a los efectos de la temperatura
sobre la digestibilidad en crustaceos, es impor-
tante reconocer que la temperatura es una
variable importante. Ni Nose (1964), en
Procambarus clarkii, ni Newman et al. (1982),
en Macrobrachium rosenbergii, encontraron
diferencias significativas en las respectivas
DAMSs, a pesar de que en ambas especies la
temperatura del agua tuvo un efecto significa-
tivo sobre la ingestion de alimento. Sin
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(Knutsen and Salvanes, 1999; Peres and Oliva-
Teles, 1999).

The AAAD in fish meal was significantly
lower than in soybean meal, at both tempera-
tures, which can be explained by the low qual-
ity of the fish meal protein due to a deficient
quality control process. The results of the prox-
imate analysis show that fish meal is higher in
ashes, suggesting high levels of bones and
scales, characteristics of a low-quality fish
meal. Such a quality resulted in lower digest-
ibility values.

In conclusion, in most of the cases, the
digestibility indicators were lower for fish meal
than for soybean meal.
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