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ABSTRACT. An experiment was conducted to evaluate the effect of various levels of protein and dietary lipids on white snook (Centropomus
viridis) performance. A 4 x 2 factorial design was used with 4 protein levels (40%, 46%, 52%, and 58%) and 2 lipid levels (10% and 13%),
with 3 replicates per treatment. Fish with an initial weight of 14.80 + 0.80 g were fed to apparent satiety 3 times a day for 6 weeks. Juvenile
growth showed no significant differences among treatments. Feed efficiency was only affected by the protein level in the diet, and the best feed
efficiency ratio was obtained with the 52% protein diets; the protein efficiency ratio was significantly lower with the 58% protein diets. The
hepatosomatic index decreased with increasing protein content, and the peritoneal fat index increased with dietary lipid level. The condition
factor was not affected by the dietary protein or lipid level. Hematocrit and total plasma protein were significantly higher at 40% protein; blood
glucose and triglycerides were affected by both nutrients. It is concluded that juvenile C. viridis can be fed diets containing 40% protein and
10% lipids and a protein/energy ratio of 20.69 mg-kJ™', under the experimental conditions of this study.
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RESUMEN. Se llevo a cabo un experimento para evaluar el efecto de varios niveles de proteina y lipidos dietéticos en el rendimiento de juve-
niles de robalo blanco (Centropomus viridis). Se realizé un disefio factorial 4 x 2 con 4 niveles de proteina (40%, 46%, 52% y 58%) y 2 niveles
de lipidos (10% y 13%), con 3 replicados por tratamiento. Los peces con un peso inicial de 14.80 + 0.80 g se alimentaron a saciedad aparente
3 veces al dia durante 6 semanas. El crecimiento de los juveniles no presentd diferencias significativas entre los tratamientos. La eficiencia
alimenticia solo fue afectada por el nivel de proteina en la dieta, y la mejor tasa de eficiencia alimenticia se obtuvo con las dietas con 52% de
proteina; el indice de eficiencia proteica fue significativamente menor con las dietas con 58% de proteina. El indice hepatosomatico disminuy6
al aumentar el contenido de proteina, y el indice de grasa peritoneal aumentd con el nivel de lipidos en la dieta. El factor de condicion no fue
afectado por el nivel de proteina o lipidos dietéticos. El hematocrito y la proteina total del plasma fueron significativamente mayores con las
dietas con 40% de proteina; la glucosa y los triglicéridos en la sangre fueron afectados por ambos nutrientes. Se concluye que los juveniles de
C. viridis pueden ser alimentados con dietas que contengan 40% de proteina y 10% de lipidos y una relacion proteina/energia de 20.69 mg-kJ!,
bajo las condiciones experimentales de este estudio.

Palabras clave: proteina, lipidos, relacion proteina/energia, Centropomus viridis.
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INTRODUCTION

Snooks are euryhaline fish of the Centropomidae family
that inhabit tropical and subtropical zones along the Pacific
and Atlantic coasts (Alvarez-Lajonchére et al. 2013). They
are demersal fish with carnivorous habits that feed on mol-
lusks, crustaceans, and fish (Macal-Lopez et al. 2013). The
Pacific white snook, Centropomus viridis, is found from the
Gulf of California to southern Ecuador (Fischer et al. 1995).
It has high economic value in the Mexican market due to
the quality of its meat, and it is considered to have excel-
lent potential for cultivation, since it can grow and repro-
duce in captivity and has high growth rates (Labastida-Che
et al. 2013, Ibarra-Castro et al. 2017); however, to success-
fully carry out the cultivation of this species, it is necessary
to determine its nutritional requirements to develop spe-
cific diets. In aquaculture, nutrition has been shown to be a
limiting factor for the development of healthy and efficient
aquaculture systems (Zhang et al. 2020). In this sense, the
proteins and lipids in a diet are some of the main nutrients
teleost fish need to carry out numerous physiological pro-
cesses (NCR 2011, Dai et al. 2018, Teles et al. 2020). Pro-
tein is essential for fish growth, tissue maintenance, and the
production of many key components, such as hormones,
enzymes, and antibodies (Wang et al. 2019, Yan et al. 2020);
protein deficiency affects growth and immune function and
increases fish susceptibility to infectious diseases (Cho et
al. 2021, Steinberg 2022), and excess protein in the diet
increases feed cost and excretion of nitrogenous residues,
which contaminates the culture medium (Wu and Gatlin
2014, Khan et al. 2019, Liu et al. 2021). Lipids and their
main constituents, essential fatty acids, are the main source
of metabolic energy for fish development; they are required
for the structure, maintenance, and function of cell mem-
branes, and for the transport and metabolism of fat-soluble
vitamins and carotenoids, among other functions (Sargent et
al. 2002, Tocher 2003). Both lipid deficiency and excess can
compromise the immune response of fish (Steinberg 2022);
in addition, a diet high in lipids can decrease appetite, which
affects growth (Dai et al. 2018), cause fatty liver, promote fat
accumulation in muscle tissue, and impair fish fillet quality
(Han et al. 2014, Gonzalez-Félix et al. 2015). Therefore,
it is essential to develop diets with adequate levels of both
nutrients for optimal fish development and growth, and to
determine the optimal ratio of protein to lipid levels in the
feed so that proteins are used only for growth and lipids act
as the main energy source (Grisdale-Helland et al. 2008, Li
et al. 2017, Ma et al. 2020); with this, we can reduce feed
cost and increase the protein utilization efficiency, improve
feed efficiency, and decrease the excretion of ammonia and
the environmental impact of aquaculture (Jiang et al. 2016,
Grapiuna-de Carvalho et al. 2017).

The protein-sparing effect of lipids has been reported
in several species, such as Melanogrammus aeglefinus
(Tibbetts et al. 2005), Gadus morhua (Grisdale-Helland et al.
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INTRODUCCION

Los robalos son peces eurihalinos de la familia Centro-
pomidae que habitan en zonas tropicales y subtropicales a
lo largo de las costas del Pacifico y del Atlantico (Alvarez-
Lajonchere et al. 2013). Son peces demersales de habitos
carnivoros que se alimentan de moluscos, crusticeos y peces
(Macal-Lopez et al. 2013). El robalo blanco del pacifico,
Centropomus viridis, se encuentra desde el golfo de California
hasta el sur de Ecuador (Fischer et al. 1995). Presenta un alto
valor econdmico en el mercado mexicano por la calidad de su
carne, y se le considera con excelente potencial para cultivo,
dado que puede crecer y reproducirse en cautiverio y presenta
altas tasas de crecimiento (Labastida-Che et al. 2013, Ibarra-
Castro et al. 2017); sin embargo, para llevar a cabo con éxito
el cultivo de esta especie, es necesario determinar los reque-
rimientos nutricionales para coadyuvar al desarrollo de dietas
especificas. La nutricion acuicola ha demostrado ser un factor
limitante para el desarrollo de sistemas acuicolas saludables y
eficientes (Zhang et al. 2020). En este sentido, las proteinas y
los lipidos en la dieta son algunos de los principales nutrientes
para que los peces teledsteos puedan llevar a cabo numerosos
procesos fisiologicos (NCR 2011, Dai et al. 2018, Teles et
al. 2020). La proteina es esencial para el crecimiento de los
peces, el mantenimiento de tejidos y la produccion de muchos
componentes clave, como hormonas, enzimas y anticuerpos
(Wang et al. 2019, Yan et al. 2020); la deficiencia de proteina
afecta el crecimiento y la funcién inmunoldgica y aumenta la
susceptibilidad de los peces a las enfermedades infecciosas
(Cho et al. 2021, Steinberg 2022), y el exceso de proteina
en la dieta incrementa el costo de los alimentos y la excre-
cion de residuos nitrogenados, lo que contamina el medio de
cultivo (Wu y Gatlin 2014, Khan et al. 2019, Liu et al. 2021).
Los lipidos y sus principales constituyentes, los acidos grasos
esenciales, son la principal fuente de energia metabolica para
el desarrollo de los peces; son necesarios para la estructura,
el mantenimiento y la funcion de las membranas celulares,
asi como para el transporte y el metabolismo de vitaminas
liposolubles y carotenoides, entre otras funciones (Sargent et
al. 2002, Tocher 2003). Tanto la deficiencia como el exceso
de lipidos pueden comprometer la respuesta inmune de los
peces (Steinberg 2022); ademas, una dieta con alta cantidad
de lipidos puede disminuir el apetito, lo cual afecta el creci-
miento (Dai et al. 2018), provocar higado graso, promover
la acumulacion de grasa en el tejido muscular y dete-
riorar la calidad del filete de los pescados (Han et al. 2014,
Gonzalez-Félix et al. 2015). Por lo tanto, es esencial desarro-
llar dietas con niveles adecuados de ambos nutrientes para el
optimo desarrollo y crecimiento de los peces, asi como deter-
minar la proporcion 6ptima entre los niveles de proteina y
lipidos en el alimento para que la proteina se utilice solo para
el crecimiento y los lipidos actuen como la principal fuente
energética (Grisdale-Helland et al. 2008, Li et al. 2017, Ma
et al. 2020); con esto, se puede reducir el costo del alimento
y elevar la eficiencia de utilizacién de proteina, mejorar la
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2008), Nibea japonica (Chai et al. 2013), Diplodus vulgaris
(Bulut et al. 2014), Nibea diacanthus (Li et al. 2017),
Epinephelus akaara (Wang et al. 2017), Acanthopagrus
schlegelii (Wang et al. 2019), Larimichthys polyactis (Ma
et al. 2020), and Centropomus undecimalis (Arenas et al.
2021b); however, in other species, such as Diplodus sargus
(Ozorio et al. 2006), Umbrina cirrosa (Kokou et al. 2019),
Pomadasys commersonnii (Hecht et al. 2003), and Ocyurus
chrysurus (Arenas et al. 2021a), this effect has not been
observed. To the best of our knowledge, there are no studies
on the dietary protein and lipid requirements of C. viridis
juveniles; therefore, the objective of this study was to deter-
mine the effect of different levels of protein and lipids in the
diet on the productive parameters of juveniles of the white
snook, C. viridis.

MATERIALS AND METHODS
Experimental diets

Eight diets were formulated with 4 protein levels (40%,
46%, 52%, and 58%) and 2 lipid levels (10% and 13%).
Table 1 shows the ingredients and chemical composition
(AOAC 2000) of each diet. Diets were identified as D40/10,
D40/13, D46/10, D46/13, D52/10, D52/13, D58/10, D58/13.
The ingredients were weighed according to the formula-
tions with an analytical balance with a capacity of 2,000 g
(Ohaus CS2000, China). Macronutrients were dry blended
for 15 minutes using a CRT Global blender (model MIX-
B30GA). Subsequently, micronutrients were added and
mixed, and the fish oil and soybean lecithin were added.
Finally, water was added (approximately 400 mL per kilo-
gram of diet). The obtained mixture was placed in a 1-HP mill
(Torrey, M-22RI; Monterey, CA) to obtain granules with a
5-mm diameter; these were dried in an oven at 60 °C for
12 hours and then refrigerated at 4 °C until their use. The
diets were prepared and analyzed at the Universidad Juarez
Autonoma de Tabasco, Mexico.

Origin of fish

White snook juveniles were provided by the pilot produc-
tion plant of marine fish juveniles of the Centro de Investi-
gacion en Alimentacion y Desarrollo, Mazatlan Unit, Mexico,
according to the protocol developed by Ibarra-Castro et al.
(2017).

Experimental design, feeding, and experimental conditions

A completely randomized factorial experimental design
(4 x 2) was carried out, with 3 replicates per treatment.
The bioassay was carried out in 24 circular fiberglass tanks
with 600-L capacity that were equipped with individual
air distributors and a continuous flow of filtered seawater.
Each tank was stocked with 20 organisms with an average

w<O

eficiencia alimenticia y disminuir la excrecion de amoniaco
y el impacto ambiental de la acuicultura (Jiang et al. 2016,
Grapiuna-de Carvalho et al. 2017).

El efecto ahorrador de proteinas por los lipidos ha
sido reportado en varias especies, como Melanogrammus
aeglefinus (Tibbetts et al. 2005), Gadus morhua (Grisdale-
Helland et al. 2008), Nibea japonica (Chai et al. 2013),
Diplodus vulgaris (Bulut et al. 2014), Nibea diacanthus
(Li et al. 2017), Epinephelus akaara (Wang et al. 2017),
Acanthopagrus schlegelii (Wang et al. 2019), Larimichthys
polyactis (Ma et al. 2020) y Centropomus undecimalis
(Arenas et al. 2021b); sin embargo, en otras especies, tales
como Diplodus sargus (Ozorio et al. 2006), Umbrina cirrosa
(Kokou et al. 2019), Pomadasys commersonnii (Hecht et
al. 2003) y Ocyurus chrysurus (Arenas et al. 2021a), no se
ha observado este efecto. Hasta donde sabemos, no existen
estudios sobre los requerimientos de proteina y lipidos
dietéticos en juveniles de C. viridis; por lo tanto, el objetivo
del presente estudio fue determinar el efecto de diferentes
niveles de proteina y lipidos en la dieta sobre los parametros
productivos de juveniles del robalo blanco C. viridis.

MATERIALES Y METODOS
Dietas experimentales

Se formularon 8 dietas con 4 niveles de proteina (40%,
46%, 52% y 58%) y 2 niveles de lipidos cada una (10% y
13%). En la tabla 1 se muestran los ingredientes y la composi-
cion quimica (AOAC 2000) de cada dieta. Las dietas se iden-
tificaron como D40/10, D40/13, D46/10, D46/13, D52/10,
D52/13, D58/10, D58/13. Los ingredientes se pesaron de
acuerdo con las formulaciones utilizando una balanza anali-
tica con una capacidad de 2,000 g (Ohaus CS2000, China).
Los macronutrientes se mezclaron en seco durante 15 minutos
usando una batidora CRT Global (modelo MIX-B30GA).
Posteriormente, se afiadieron los micronutrientes, se
mezclaron y se adiciond el aceite de pescado y la lecitina de
soya. Finalmente, se afladi6 agua (aproximadamente 400 mL
por kilogramo de dieta). La mezcla obtenida se colocd en
un molino de 1 HP (Torrey, M- 22RI; Monterey CA,) para
obtener granulos con un didmetro de 5 mm, y se secaron en
una estufa a 60 °C durante 12 horas; posteriormente, se refri-
geraron a 4 °C hasta su uso. Las dietas fueron elaboradas y
analizadas en la Universidad Juarez Auténoma de Tabasco,
Meéxico.

Origen de los peces

Los juveniles de robalo blanco fueron proporcionados por
la planta piloto de produccién de juveniles de peces marinos
del Centro de Investigacién en Alimentacién y Desarrollo,
Unidad Mazatlan, México, de acuerdo con el protocolo desa-
rrollado por Ibarra-Castro et al. (2017).
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Table 1. Formulation and proximate composition of the experimental diets.
Tabla 1. Formulacion y composicion proximal de las dietas experimentales.

Diet 40/10 40/13 46/10 46/13 52/10 52/13 58/10 58/13
Ingredients (%)

Fish meal' 42.72 42.72 49.15 49.15 55.60 55.60 62.00 62.00
Krill meal' 2.58 2.58 2.99 2.99 3.35 3.35 3.70 3.70
Poultry meal’ 8.70 8.70 10.00 10.00 11.30 11.30 12.60 12.60
Pork meal' 9.38 9.38 10.75 10.75 12.20 12.20 13.60 13.60
Fish oil' 2.74 6.11 1.82 5.19 0.90 4.27 0.00 3.37
Starch? 29.15 25.78 20.56 17.19 11.92 8.55 3.47 0.10
Alginate® 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50
Minerals premix* 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23
Vitamin premix* 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60
Soy bean lecithin® 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Vitamin C? 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Choline® 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Antioxidant? 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Proximate composition

(% dry matter)

Humidity 7.71 8.29 8.07 8.68 8.10 8.55 7.08 7.48
Protein 40.60 40.77 46.20 4591 52.19 51.81 58.45 57.94
Lipids 9.64 12.63 9.76 12.84 9.70 12.75 9.66 12.82
Ash 13.57 12.53 15.19 15.75 17.96 17.08 19.71 19.66
Protein/energy (kJ-g ™) 20.69 20.29 23.49 22.39 26.53 25.27 29.78 28.26

'PROTMAGRO, Guadalajara, Jalisco, Mexico.
IMSA Corn Industrializer, Guadalajara, Jalisco, Mexico.
*Drogueria Cosmopolita, Mexico City, Mexico.

‘ROVIMIX R C-EC (Roche) 35% active agent. Vitamin premix composition in grams, milligrams or international units (IU) per kilogram of
diet: vitamin A, 10,000,000 IU; vitamin D3, 2,000,000 IU; vitamin E, 100,000 IU; vitamin K3, 4.00 g; thiamine B1, 8.00 g; riboflavin B2,
8.70 g; pyridoxine B6, 7.30 g; vitamin B12, 20.00 mg; niacin, 50.00 g; pantothenic acid, 22.20 g; inositol, 0.15 mg; nicotinic acid, 0.16 mg;
folic acid, 4.00 g; biotin, 500.00 mg; vitamin C, 10.00 g; choline 0.30 mg, excipient g.s., 2.00 g; manganese, 10.00 g; magnesium, 4.50 g;
zinc, 1.60 g; iron, 0.20 g; copper, 0.20 g; iodine, 0.50 g; selenium, 40.00 mg; cobalt, 60.00 mg. Excipient q.s., 1.50 g.

SPronat Ultra, Mérida, Yucatan, Mexico.
°Sigma-Aldrich Chemical, Toluca, Mexico State, Mexico.

weight of 14.80 + 0.80 g; organisms were fed by hand to
apparent satiety with the experimental diets, until the food
was no longer consumed and remained at the bottom of the
tank (Correia-Pinto and Pinto-Nunes 2021), 3 times a day
(8:00 AM, 12:00 PM, and 4:00 PM) for 6 weeks. Culture
water temperature was kept at 28.50 £ 0.07 °C, salinity at
35.0 £ 1.0, and dissolved oxygen at 5.8 £ 0.3 mg-L"'. During
the entire experimental period, the photoperiod was 12 hours
light/12 hours dark.

Disefio experimental, condiciones

experimentales

alimentacion y

Se realizo6 un disefio experimental factorial completamente
al azar (4 x 2), con 3 replicados por tratamiento. El bioensayo
se llevo a cabo en 24 tanques circulares de fibra de vidrio con
capacidad de 600 L equipados con distribuidores individuales
de aire y flujo continuo de agua de mar filtrada. En cada
uno se colocaron 20 organismos con un peso promedio de
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Calculated variables

At the end of the experiment, the fish from all the tanks,
previously anesthetized with clove essence (0.2 mL-L™"), were
weighed and measured to determine the gained weight (GW),
growth rate (GR), specific growth rate (SGR), condition factor
(CF), feed intake (FI), feed conversion ratio (FCR), feeding
efficiency rate (FER), protein efficiency rate (PER), and sur-
vival rate (S); in addition, 3 fish from each tank were randomly
selected to determine the hepatosomatic index (HI) and the
peritoneal fat index (PFI) using the following formulas:

GW (g) =FW-IW , 1)

where FW is the average final weight and IW is the average
initial weight;

average gained weight

GR (%) = average initial weight X100 ; )
SGR (%) — 1000 of weight fort i;irlrele ~ I il weight) . (3)
B % X100 4)

FOR = et neion s)

FER = % ; ©6)

PER = e et ™

_ liver weight )
HI(%)—WXIOO ; (®)

__ peritoneal fat weight

PFI (%) = total weight X100 ; )
__final number of fish
S (%) = nitial number of fish < 100 - (10)

Hematological indices

At the end of the experiment, 9 fish per treatment (3 fish
per tank) were randomly taken for blood collection. The orga-
nisms remained without food for 24 hours before sampling,
and later, they were anesthetized with clove oil (0.2 mL-L™).
The determination of the indices was carried out according to
del Rio-Zaragoza et al. (2011). Blood was extracted from each
fish with a 1.0-mL insulin syringe by puncturing the caudal
vein; ~200.0 pL of blood were placed in an Eppendorf tube
with ethylenediaminetretaacetic acid dipotassium (EDTA-
K2) to evaluate the concentration of hemoglobin (HB) and
hematocrit (HCT). Another 200.0-uL. sample was placed
in another Eppendorf tube without anticoagulant; this was
centrifuged to separate the serum and determine the content
of total protein (TP), glucose (GL), and triglycerides (TG).

w<O

14.80 + 0.80 g; se alimentaron a mano a saciedad aparente
con las dietas experimentales, hasta observar que el alimento
ya no era consumido y permanecia en el fondo del tanque
(Correia-Pinto y Pinto-Nunes 2021), 3 veces al dia (8:00 A.M.,
12:00 P.M. y 4:00 P.M.) durante 6 semanas. La temperatura
del agua de cultivo se mantuvo a 28.50 + 0.07 °C, la salinidad
a35.0 £ 1.0 y el oxigeno disuelto a 5.8 + 0.3 mg-L'. Durante
todo el periodo experimental, el fotoperiodo fue de 12 horas
luz/12 horas oscuridad.

Variables calculadas

Al final del experimento, todos los peces de cada tanque,
previamente anestesiados con esencia de clavo (0.2 mL-L™),
se pesaron y midieron para determinar el peso ganado (GW,
por sus siglas en inglés), la tasa de crecimiento (GR), la tasa
de crecimiento especifica (SGR), el factor de condicion (CF),
el consumo de alimento (FI), la tasa de conversion alimenticia
(FCR), la tasa de eficiencia alimenticia (FER), el indice de
eficiencia proteica (PER) y la tasa de supervivencia (S); adicio-
nalmente, se seleccionaron al azar 3 peces de cada tanque para
determinar el indice hepatosomatico (HI) y el indice de grasa
peritoneal (PFI) mediante las siguientes formulas:

GW (g) =FW - IW , (1)

donde FW es el peso promedio final e IW es el peso promedio
inicial;

__ peso promedio ganado

GR (%) = “5eso inicial promedio < 100 5 (@)

SGR (%) = 100(In de peso en eiiirtli)n(:po — In peso inicial) . (3)
- (lpgoﬁll)} X100 )

FCR = %#%m : ®

FER = Jfrmento firrlgfnzﬁdo ; ©

PER = G e protein @

HI (%) = Pt X 100 ®

s (%) = el 14 (10)

Indices hematologicos

Al final del experimento, se tomaron al azar 9 peces por
tratamiento (3 peces por tanque) para realizar la extraccion
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Hematological parameters were determined using commer-
cial kits from Biosystems and Randox Laboratories.

Statistical analyses

Data in percentage form were transformed to arcsine. Nor-
mality (Bartlett’s test) and homoscedasticity (Levene’s test)
were determined for all results, which were subjected to a
2-way analysis of variance (ANOVA) (P < 0.05). To determine
significant differences between treatments, Tukey’s multiple
comparison rank tests (P < 0.05) were applied (Zar 1996). Sta-
tistical analyses were carried out using the Statgraphics Centu-
rion XVI v.16.204 program (Statpoint Technologies).

RESULTS
Growth and survival

Table 2 shows the growth and survival results of juvenile
white snook fed with the different diets. FW, GW, GR, and
SGR were not affected by dietary protein or lipid level (P >
0.05). The survival of juvenile white snook at the end of the
experimentation period was 100% for all treatments, with the
exception of D46/10 (96.6%), with no significant differences
between the different treatments (P > 0.05).

Feed efficiency and biometric indices

The results of the feed efficiency and morphometric
parameters evaluated are shown in Table 3. According to the
2-way ANOVA, FI, FCR, FER, and PER were affected by the
protein content in the diet, and the lipid level did not affect
these parameters. The highest FI was obtained with the fish
fed with 58% protein, and it was significantly different (P <
0.05) from the FI obtained with fish fed with other protein
levels; the lowest FCR was obtained with the fish fed with
52% protein and was significantly different (P < 0.05) from
the FCR obtained with the juveniles fed with the rest of the
protein levels. We obtained 100% FER with fish fed 52% pro-
tein, and this rate was significantly higher (P < 0.05) than
the FER we obtained with the other protein levels; the lowest
PER value was obtained with the fish fed with 58% protein,
and this value was significantly different (P < 0.05) from
that obtained with the juveniles fed with 40% protein. HI
decreased significantly (P < 0.05) when the protein content
in the diet increased, regardless of lipid level; meanwhile, PFI
increased significantly (P < 0.05) when lipid levels in the diet
increased. The protein level did not affect the PFI. Regarding
the CF, no significant differences were found between the
different protein and lipid levels in the diet (P > 0.05).

Hematological parameters

The results of the hematological parameters evaluated
are shown in Table 4. According to the results of the 2-way
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sanguinea. Los organismos permanecieron 24 horas sin
alimento antes del muestreo, y posteriormente, se aneste-
siaron con aceite de clavo (0.2 mL-L™"). La determinacion de
los indices se llevo a cabo de acuerdo con del Rio-Zaragoza
et al. (2011). De cada pez, se extrajo sangre con una jeringa
para insulina de 1.0 mL realizando una puncion en la vena
caudal; alrededor de 200.0 uL de sangre se colocaron en un
tubo Eppendorf con acido etilendiaminotretaacético dipota-
sico (EDTA-K2) para evaluar la concentracion de hemoglo-
bina (HB) y hematocrito (HCT). Otra muestra de 200.0 pL
se coloco en otro tubo Eppendorf sin anticoagulante; esta se
centrifugd para separar el suero y determinar el contenido de
proteina total (TP), glucosa (GL) y triglicéridos (TG). Los
parametros hematologicos fueron determinados utilizando
kits comerciales de Biosystems y Randox Laboratories.

Analisis estadistico

Los datos en porcentaje se transformaron a arcoseno. A
todos los resultados se les determiné la normalidad (prueba
de Bartlett) y la homocedasticidad (prueba de Levene), y se
sometieron a un andlisis de varianza (ANDEVA) de 2 vias
(P <0.05). Para determinar las diferencias significativas entre
tratamientos, se aplicaron pruebas de comparacion multiple
de rangos de Tukey (P < 0.05) (Zar 1996). Los analisis esta-
disticos se llevaron a cabo mediante el programa Statgraphics
Centurion XVI v.16.204 (Statpoint Technologies).

RESULTADOS
Crecimiento y supervivencia

En la Tabla 2 se presentan los resultados de crecimiento y
supervivencia de los juveniles de robalo blanco alimentados
con las diferentes dietas. Como se observa, el FW, el GW, la
GR, y la SGR no fueron afectados por el nivel de proteina o
lipidos en la dieta (P > 0.05). La supervivencia de los juve-
niles de robalo blanco al final del periodo de experimenta-
cion fue del 100% en todos los tratamientos, a excepcion de la
D46/10 (96.6%), sin diferencias significativas entre los dife-
rentes tratamientos (P > 0.05).

Eficiencia alimenticia e indices biométricos

Los resultados de la eficiencia alimenticia y los parame-
tros morfométricos evaluados se muestran en la Tabla 3. De
acuerdo con el ANDEVA de 2 vias, el FI, la FCR, la FER y el
PER fueron afectados por el contenido de proteina en la dieta,
y el nivel de lipidos no afectd estos parametros. El mayor FI
se obtuvo de los peces alimentados con el 58% de proteina
y fue significativamente diferente (P < 0.05) al presentado
por los peces alimentados con los otros niveles de proteina;
la menor FCR fue obtenida con los peces alimentados con
el 52% de proteina y fue significativamente diferente (P <
0.05) a la obtenida con los juveniles alimentados con el resto
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ANOVA, the level of protein or lipids in the diet did not influ-
ence the HB content in juveniles fed with the different treat-
ments (P > 0.05); the HCT value was affected by the protein
level regardless of the lipid level in the diet. Juveniles fed
the 40% protein diets had the highest percentage of HCT,
and this was significantly different (P < 0.05) from the HCT
obtained with juveniles fed the 46% and 58% protein diets.
Only the protein level affected the percentage of TP in the
plasma of C. viridis juveniles; juveniles fed diets with 40%
protein had a higher percentage of TP than juveniles fed with
diets with 46% and 58% protein (P > 0.05). The content of
plasma GL and TG increased significantly (P < 0.05) when
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de los niveles de proteina. Se obtuvo el 100% de la FER con
los peces alimentados con el 52% de proteina, y esta tasa fue
significativamente mayor (P < 0.05) que la obtenida con los
otros niveles de proteina; en los peces alimentados con el
58% de proteina, se obtuvo el menor valor del PER, y este
valor fue significativamente diferente (P < 0.05) al obtenido
con los juveniles alimentados con el 40% de proteina. E1 HI
disminuy6 significativamente (P < 0.05) al aumentar el conte-
nido de proteina en la dieta, independientemente del nivel de
lipidos; en cambio, el PFI aumentd significativamente (P <
0.05) al incrementar el nivel de lipidos en la dieta. El nivel de
proteina no afect6 el PFI. En cuanto al CF, no se encontraron

Table 2. Growth and survival of juvenile Centropomus viridis fed the experimental diets. IW, initial average weight; FW, final average weight;
GW, gained weight; GR, growth rate; SGR, specific growth rate; S, survival.

Tabla 2. Crecimiento y supervivencia de los juveniles de Centropomus viridis alimentados con las dietas experimentales. IW, peso promedio
inicial; FW, peso promedio final; GW, peso aumentado; GR, tasa de crecimiento; SGR, tasa de crecimiento especifica; S, supervivencia.

Diet IW (g) FW (g) GW (g) GR (%) SGR (%) S (%)
40/10 14.70 £0.14 58.86 +1.70 44.05+1.93 299.24 £ 14.76 2.47 £0.05 100
40/13 14.71 £0.40 71.16 +7.75 56.45+7.48 383.25+43.85 2.80+0.16 100
46/10 15.10£0.22 66.13 +4.06 50.94 £4.28 336.14 +33.23 2.62+0.13 96.66 +5.70
46/13 14.80 = 0.80 62.90 + 6.59 47.93+7.19 327.07 £ 62.86 2.57+0.28 100
52/10 15.20 £ 0.31 74.76 +7.43 59.55+7.26 392.16 +£45.80 2.83+0.15 100
52/13 14.83 £0.39 67.89 +6.90 53.04 £7.08 358.74 £ 54.51 2.70 £ 0.20 100
58/10 14.90 + 0.60 66.79 + 5.47 51.90 +5.48 349.65+£33.22 2.67+0.13 100
58/13 15.10 + 0.60 68.60 £ 10.38 54.43 £10.30 360.62 + 73.64 2.68+0.28 100
Means of main effect

Protein %

40 14.70 65.01 50.25 341.24 2.64 100

46 14.90 64.51 49.44 331.60 2.60 98.33
52 15.00 71.32 56.29 375.45 2.77 100

58 15.00 67.69 53.16 355.13 2.67 100
Lipid %

10 14.90 66.63 51.61 344.30 2.65 99.16
13 14.80 67.63 52.96 357.42 2.69 100
Two-way ANOVA

(P value)

Protein 0.6191 P=0.3150 P =10.3209 P=0.4514 P=0.4770 P=0.4180
Lipid 0.5828 P=0.7217 P=0.6322 P=0.5168 P=0.6157 P=0.3320
Interaction 0.6019 P=0.1184 P=0.1263 P =0.2206 P=0.2201 P=0.4180

The results are the mean (mean + SD) of 3 replicates (n = 3). ANOVA: analysis of variance.
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Table 3. Feed efficiency and biometric indices of juvenile white snook, Centropomus viridis, fed the experimental diets. FI, food intake;
FCR, food conversion ratio; FER, food efficiency rate; PER, protein efficiency rate; HI, hepatosomatic index; PFI, peritoneal fat index;

CF, condition factor.

Tabla 3. Eficiencia alimenticia e indices biométricos de juveniles de robalo blanco Centropomus viridis alimentados con las dietas
experimentales. FI, consumo de alimento; FCR, tasa de conversion alimenticia; FER, tasa de eficiencia alimenticia; PER, indice de eficiencia

proteica; HI, indice hepatosomatico; PFI, indice de grasa peritoneal; CF, factor de condicion.

Diet FI (g) FCR FER (%) PER HI (%) PFI (%) CF
40/10 55.69 £2.70 1.25+£0.04  79.12+2.60 1.09 + 0.05 1.49+0.17 5.51+1.03 0.88 +0.05
40/13 57.3+3.70 1.01 £0.06  98.22+6.50 1.40£0.18 1.74£0.28 6.41 +£1.03 0.87 +0.03
46/10 56.77 +1.70 1.11£0.10  89.79 +8.00 1.10£0.09 1.49+£0.24 543 +0.78 0.83 +0.02
46/13 59.00 + 6.40 1.23£0.10 81.0 £ 6.60 1.03+0.15 1.56 +0.18 6.47 £1.50 0.83+0.03
52/10 54.13+£330 090+0.06 109.84+8.70 1.14+0.14 1.50 +0.18 5.28+£0.86 0.89+0.01
52/13 57.74 £ 7.40 1.08 +0.03 91.84 +£2.60 1.01 £0.13 1.35+0.18 6.27+1.0 0.84+0.02
58/10 65.53 £2.00 1.26£0.10  79.11+6.40  0.89 +0.09 1.30£0.16 5.63 +1.01 0.86+0.01
58/13 64.05 +9.20 1.18+£0.11 84.85+850 093+0.18 1.07£0.17 577+1.10 0.83+£0.02
Means of main effect

Protein %

40 56.50X 1.13Y 88.67X 1.25Y 1.627 5.96 0.88

46 57.92X 1.17Y 85.39X 1.06XY 1.52YZ 5.95 0.83

52 55.93X 0.99X 100Y 1.07XY 1.43Y 5.78 0.86

58 64.79Y 1.22Y 81.98X 091X 1.19X 5.70 0.84
Lipid %

10 58.03 1.13 89.46 1.05 1.45 5.46A 0.86

13 59.54 1.13 88.97 1.09 1.43 6.25B 0.84
Two-way ANOVA

(P value)

Protein 0.0214 0.0015 0.0010 0.0053 0.0000 0.8481 0.1194
Lipid 0.4654 0.8487 0.8595 0.4609 0.6923 0.0031 0.1110
Interaction 0.8596 0.0020 0.0010 0.0604 0.0034 0.5498 0.7050

The results are the mean (mean + SD) of 3 replicates (n = 3). Values in the same column with different letters are significantly different
(P <0.05). (Dietary protein = X, Y, Z; dietary lipid = A, B). ANOVA®: analysis of variance.

the percentage of lipids in the diet increased. The content of
protein in the diet also affected both parameters; the value
of the GL was higher in the juveniles fed with the diets with
52% protein, and the value of the TG was significantly lower
(P <0.05) in the juveniles fed with the diets with 58% protein.

DI1SCcUSSION

To be able to formulate balanced feeds and farm fish suc-
cessfully, it is essential to determine the minimum requirements

diferencias significativas entre los diferentes niveles de
proteina y lipidos en la dieta (P > 0.05).

Parametros hematolégicos

Los resultados de los parametros hematoldgicos evaluados
se muestran en la Tabla 4. De acuerdo con los resultados del
ANDEVA de 2 vias, el nivel de proteina o lipidos en la dieta
no influy6 en el contenido de HB en los juveniles alimentados
con los diferentes tratamientos (P > 0.05); el valor de HCT si
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of nutrients, such as protein and lipids, with which fish can
achieve maximum growth and good health (NRC 2011). In
the present study, we evaluated the effect of 4 protein levels
(40%, 46%, 52%, and 58%) and 2 lipid levels (10% and 13%)
on the growth of C. viridis juveniles. The results indicated
that the protein and lipid levels evaluated did not affect the
growth of juveniles of this species. Considering that C. viridis
is a carnivorous fish (Macal-Lopez et al. 2013), we expected
growth to be higher in fish fed diets with high levels of pro-
tein (52%—58%), as has been reported for other snook spe-
cies, such as Centropomus parallelus (de Souza et al. 2011,

C
)

fue afectado por el nivel de proteina independientemente del
nivel de lipidos en la dieta. Los juveniles alimentados con las
dietas con 40% de proteina obtuvieron el porcentaje mas alto
de HCT, y este fue significativamente diferente (P < 0.05)
al obtenido con los juveniles alimentados con las dietas con
46% y 58% de proteina. El porcentaje de TP en el plasma de
los juveniles de C. viridis fue afectado sélo por el nivel de
proteina; los juveniles alimentados con las dietas con 40%
de proteina obtuvieron mayor porcentaje de TP que el obte-
nido en los juveniles alimentados con las dietas con 46% y
58% de proteina (P > 0.05). El contenido de GL y TG en el

Table4. Hematological parameters of juvenile white snook, Centropomus viridis, fed the experimental diets. HB, hemoglobin; HCT, hematocrit;

TP, total protein; GL, glucose; TG, triglycerides.

Tabla 4. Parametros hematoldgicos de juveniles de Centropomus viridis alimentados con las dietas experimentales. HB, Hemoglobina;

HCT, hematocrito; TP, proteina total; GL, glucosa; TG, triglicéridos.

Diet HB (g-dL") HCT (%) TP (g-dL™) GL (mg-dL") TG (mg-dL™")
40/10 18.10 + 8.30 54.00 £4.90 7.24+0.53 96.90 £2.90 371.56 £ 120.06
40/13 22.22+4.40 56.10 +10.40 6.83 £0.67 103.70 + 5.60 44731 +95.10
46/10 18.23 +7.10 47.60 = 6.80 576 +1.52 97.60 + 3.80 292.56 + 142.00
46/13 18.19 £7.00 46.20 +£4.40 6.90 £ 0.49 100.20 +4.70 511.10 £ 61.14
52/10 23.37+3.70 55.10 +6.30 7.02+£0.42 103.60 + 3.80 242.12 +£99.01
52/13 20.19+£9.20 46.60 = 7.70 6.67+0.23 105.90 + 7.20 407.40 £26.91
58/10 2429+ 17.30 46.90 £7.10 6.30+0.53 99.30 £4.50 161.41 £122.79
58/13 19.04 + 7.80 44.00 + 2.60 5.93£0.67 100.30 £ 5.70 231.62 + 100.25
Means of main effect

Protein %

40 20.16 55.06Y 7.04Z 100.29X 409.43Y

46 18.21 46.88X 6.33XY 98.88X 401.83Y

52 21.78 50.90XY 6.85YZ 104.77Y 324.76Y

58 21.66 45.43X 6.12X 99.75X 196.52X
Lipid %

10 21.00 50.89 6.58 99.60A 284.46A

13 19.91 48.25 6.58 102.25B 381.80B
Two-way ANOVA

(P-Value)

Protein 0.4004 0.0003 0.0008 0.0030 0.0000
Lipid 0.5171 0.1045 1.0000 0.0258 0.0020
Interaction 0.2255 0.1508 0.0040 0.1437 0.0062

The results are the mean (mean + SD) of 3 replicates (n = 3). Values in the same column with different letters are significantly different
(P <0.05). (Dietary protein = X, Y, Z; dietary lipid = A, B). ANOVA: analysis of variance.
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Correia-Pinto and Pinto-Nunes 2021), C. undecimalis
(Concha-Frias et al. 2018), and Lates calcarifer (Glencross
20006), and other carnivorous marine fish (NRC 2011, Bowyer
et al. 2013, Teles et al. 2020, Steinberg 2022); however, the
results obtained in this study are similar to those obtained for
C. undecimalis by Gracia-Lopez et al. (2003) and Arenas et al.
(2021b), who reported good growth using diets with around
40% protein and 12% lipids. Likewise, to obtain optimal
growth in other species of carnivorous fish, such as Thymallus
thymallus (Rahimnejad et al. 2021), Acanthopagrus berda
(Rahim et al. 2016), Acanthopagrus schlegelli (Wang et al.
2019), and Cynoscion othonopterus (Pérez-Velazquez et al.
2015), it has been suggested to feed them diets that contain
37%—40% protein and 9%—12% lipids. The present study
did not verify the protein-sparing effect of dietary protein
through lipids in the diet since no significant differences were
obtained in the growth of C. viridis juveniles fed with the dif-
ferent treatments. The optimal protein/energy ratio in the diet
allows the fish to utilize the highest amount of protein, just
for growth (Ma et al. 2020). For most species of marine fish,
the optimum ratio is between 20.00 and 32.00 mg-kJ' (NRC
2011); the results of the protein/energy ratio in the diets of this
study are within the recommended range. In relation to the
FCR and FER obtained in the present study, it was observed
that only the protein level had significant effects; the best
FCR and FER were obtained with juveniles fed diets with
52% protein and both lipid levels. For C. undecimalis juve-
niles fed diets with 35%—50% protein and 5%—15% lipids,
Catacutan and Coloso (1995) reported that the best FCR was
obtained with a diet with 50% protein and 5% lipids; for this
same species, Gracia-Lopez et al. (2003) reported that the
best FCRs were obtained with diets with 40% and 53% pro-
tein. Regarding the PER, several authors have reported that
it decreases when the level of protein in the diet increases,
regardless of the lipid level (Catacutan and Coloso 1995,
Ozorio et al. 2006, Bulut et al. 2014, Zhang et al. 2017, Wang
etal. 2019, Arenas et al. 2021a), as was observed in this study.
The PER reflects the efficiency of utilization and the quality
of dietary protein (NRC 2011, Wang et al. 2021). In this study,
the highest PER value was obtained with diets containing
40% protein, which could indicate that this protein level is
adequate for protein synthesis by C. viridis juveniles and, pos-
sibly, for the inclusion of higher percentages of protein as an
energy source, as has been observed in other species of marine
fish, such as Pomadasys commersonnli (Hecht et al. 2003),
Melanogrammus aeglefinus (Tibbets et al. 2005), Epinephelus
coioides (Yan et al. 2020), T thymallus (Rahimnejad et al.
2021), and Sillago sihama (Liu et al. 2021). Somatic indices
such as HI, PFI, and CF are used to evaluate the response of
fish to different nutritional conditions (Liu et al. 2021). This
work showed that the HI decreased when the level of pro-
tein in the diet increased and that the level of lipids did not
affect it; other authors have reported this negative correlation
between HI and protein level for some species of marine fish
(Tibbetts et al. 2005, Grisdale-Helland et al. 2008, Chai et al.
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plasma aumento significativamente (P < 0.05) al aumentar
el porcentaje de lipidos en la dieta. El contenido de proteina
en la dieta también afectd ambos parametros; el valor de la
GL fue mayor en los juveniles alimentados con las dietas con
52% de proteina, y el valor de los TG fue significativamente
menor (P < 0.05) en los juveniles alimentados con las dietas
con 58% de proteina.

DISCUSION

La determinacion de los requerimientos minimos de
nutrientes, tales como proteina y lipidos, con los cuales los
peces puedan alcanzar el maximo crecimiento y buen estado
de salud es esencial para la formulacion de alimentos balan-
ceados y lograr el éxito del cultivo de peces (NRC 2011).
En el presente estudio se evalud el efecto de 4 niveles de
proteina (40%, 46%, 52% y 58%) y 2 niveles de lipidos
(10% y 13%) en el crecimiento de juveniles de C. viridis.
Los resultados indicaron que los niveles de proteina y lipidos
evaluados no afectaron el crecimiento de los juveniles de
esta especie. Considerando que C. viridis es un pez carnivoro
(Macal-Lopez et al. 2013), se esperaba que el crecimiento
fuera mayor en los peces alimentados con las dietas con
altos niveles de proteina (52%-58%), como se ha reportado
para otras especies de robalo, como Centropomus parallelus
(de Souza et al. 2011, Correia-Pinto y Pinto-Nunes 2021),
C. undecimalis (Concha-Frias et al. 2018) y Lates calcarifer
(Glencross 20006), y otros peces marinos carnivoros (NRC
2011, Bowyer et al. 2013, Teles et al. 2020, Steinberg 2022);
sin embargo, los resultados obtenidos en el presente estudio
son similares a los obtenidos para C. undecimalis por Gracia-
Loépez et al. (2003) y Arenas et al. (2021b), quienes repor-
taron un buen crecimiento con dietas con alrededor del 40%
de proteina y el 12% de lipidos. Asi mismo, para otras espe-
cies de peces carnivoros, tales como Thymallus thymallus
(Rahimnejad et al. 2021), Acanthopagrus berda (Rahim et
al. 2016), Acanthopagrus schlegelli (Wang et al. 2019) y
Cynoscion othonopterus (Pérez-Veldzquez et al. 2015), se
ha sugerido alimentarlos con dietas que contengan niveles
del 37%-40% de proteina y 9%-12% de lipidos para obtener
un Optimo crecimiento. En el presente trabajo, no se pudo
constatar el efecto ahorrador de proteina dietética a través
de los lipidos en la dieta, debido a que no se obtuvieron dife-
rencias significativas en el crecimiento de los juveniles de
C. viridis alimentados con los diferentes tratamientos. La
proporcioén de proteina/energia optima en la dieta permite
al pez utilizar la mayor cantidad de proteina, solo para el
crecimiento (Ma et al. 2020). Para la mayoria de las especies
de peces marinos, la proporcion 6ptima oscila entre 20.00
y 32.00 mg-kJ-' (NRC 2011); los resultados de la relacion
proteina/energia en las dietas de este estudio se encuen-
tran dentro de lo recomendado. En relacion con las FCR y
FER obtenidas en el presente estudio, se observo que solo
el nivel de proteina tuvo un efecto significativo; las mejores
FCR y FER se obtuvieron con los juveniles alimentados con
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2013, Jiang et al. 2016, Li et al. 2017, Kokou et al. 2019). On
the other hand, the PFI was not affected by the percentage
of protein in the diet, but was affected by the lipid content;
the highest PFI was observed with the highest level of lipids,
which could suggest that fat deposition was significantly
greater in the peritoneal cavity when the amount of lipids
in the diet increased (NRC 2011, Wang et al. 2017, Correia-
Pinto and Pinto-Nunes 2021).

Haematological parameters can provide information on
nutritional status, digestive function, and routine metab-
olism of fish, and they act as non-specific biomarkers
(Satheeshkumar et al. 2011, Ahmed et al. 2020). Malnutri-
tion, even in the initial stages, can cause detectable alter-
ations in the blood tissue of fish, mainly in the TP and GL
parameters, which tend to be significantly lower or higher
in response to nutritional conditions (Yoo et al. 2022). TP
content could reflect protein absorption and metabolism in
fish (Wang et al. 2019, 2021); the highest concentrations of
TP in this study were obtained with diets with 40% protein,
which could indicate that this level is adequate for C. viridis
juveniles to carry out the digestion and absorption of pro-
teins in the blood, and that higher levels of protein in the
diet could have been improperly digested and not used by
these organisms, as observed in E. coioides (Yan et al. 2020),
Thamnaconus septentrionali (Xu et al. 2021), and other spe-
cies. Conversely, for other fish species, such as N. diacanthus
(Li et al. 2017) and A. schlegelii (Wang et al. 2019), signifi-
cantly higher TP values have been reported in fish fed with
high levels of protein, indicating that these species require
high levels of protein in the diet. In the present study, GL
was significantly elevated in fish fed the highest lipid level.
Rahimnejad et al. (2021) indicated that the increase in GL
concentration in the serum of fish fed a high-fat diet could
be associated with impaired GL homeostasis. The increase
in GL concentration at higher lipid levels in this study agrees
with that reported for 7. thymallus (Rahimnejad et al. 2021),
Takifugu obscurus females, and Takifugu rubripes males (Yoo
et al. 2022). TG concentrations in the blood could be used as
indicators to assess endogenous lipid transport (Ahmed et al.
2020). In the present work, the level of TG in the blood was
higher in fish fed with the highest level of dietary lipids and
lower in fish fed with the highest percentage of dietary pro-
tein, which may indicate that the transport of lipids was more
active in the diets with the highest level of dietary lipids. Sev-
eral authors have reported that the level of TG in the blood is
inversely correlated with the protein content of food and pos-
itively correlated with the lipid content (Cho et al. 2015, Li et
al. 2017, Wang et al. 2017, Xu et al. 2021, Yoo et al. 2022). To
the best of our knowledge, there are no published reports on
values of hematological parameters of C. viridis with which
we can compare our results. Values of HB of 55%, HCT of
44%, GL of 64.2 mg-dL"', and TP of 4.7 mg-dL™"' have been
reported for L. calcarifer (Satheeshkumar et al. 2011); these
values are similar to those obtained in the present study and
are higher than those reported for fish species with sedentary
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las dietas con 52% de proteina y ambos niveles de lipidos.
Para juveniles de C. undecimalis alimentados con dietas con
35%-50% de proteina y 5%-15% de lipidos, Catacutan y
Coloso (1995) reportaron que la mejor FCR se obtuvo con
la dieta con 50% de proteina y 5% de lipidos; Gracia-Lopez
et al. (2003) reportaron, para esta misma especie, que las
mejores FCR se obtuvieron con las dietas con 40% y 53%
de proteina. En cuanto al PER, varios autores han reportado
que disminuye al incrementar el nivel de proteina en la dieta,
independientemente del nivel de lipidos (Catacutan y Coloso
1995, Ozorio et al. 2006, Bulut et al. 2014, Zhang et al. 2017,
Wang et al. 2019, Arenas et al. 2021a), al igual que lo obser-
vado en este estudio. EI PER refleja la eficiencia de utili-
zacion y la calidad de la proteina de la dieta (NRC 2011,
Wang et al. 2021). En este estudio se obtuvo el valor mas alto
del PER con las dietas con 40% de proteina, lo cual puede
indicar que este nivel de proteina es adecuado para la sintesis
de proteina por parte de los juveniles de C. viridis y, posible-
mente, para la inclusion de mayores porcentajes de proteina
como fuente de energia, como ha sido observado en otras
especies de peces marinos, como Pomadasys commersonnli
(Hecht et al. 2003), Melanogrammus aeglefinus (Tibbets
et al. 2005), Epinephelus coioides (Yan et al. 2020),
T. thymallus (Rahimnejad et al. 2021) y Sillago sihama (Liu et
al. 2021). Los indices somaticos como el HI, el PF1y el CF se
utilizan como respuesta de los peces a diferentes condiciones
nutricionales (Liu et al. 2021). En este trabajo, se observo
que el HI disminuy6 con el aumento del nivel de proteina en
la dieta y no fue afectado por el nivel de lipidos; esta corre-
lacion negativa entre HI y el nivel de proteina ha sido repor-
tada por otros autores para algunas especies de peces marinos
(Tibbetts et al. 2005, Grisdale-Helland et al. 2008, Chai et al.
2013, Jiang et al. 2016, Li et al. 2017, Kokou et al. 2019).
Por otro lado, el PFI no fue afectado por el porcentaje de
proteina en la dieta, pero si por el contenido de lipidos; el
mayor PFI se observo con el nivel mas alto de lipidos, lo cual
puede sugerir que hubo un depodsito de grasa significativa-
mente mayor en la cavidad peritoneal al aumentar la cantidad
de lipidos en la dieta (NRC 2011, Wang et al. 2017, Correia-
Pinto y Pinto-Nunes 2021).

Los parametros hematologicos pueden proporcionar
informacién sobre el estado nutricional, la funcién diges-
tiva y el metabolismo de rutina de los peces; actlian como
biomarcadores no especificos (Satheeshkumar et al. 2011,
Ahmed et al. 2020). La desnutriciéon, aunque sea en etapas
iniciales, puede provocar alteraciones que se detectan en el
tejido sanguineo de peces, principalmente en los parame-
tros de TP y GL, los cuales tienden a ser significativamente
mas bajos o altos en respuesta a las condiciones nutricio-
nales (Yoo et al. 2022). El contenido de TP puede reflejar
la absorcion y el metabolismo de las proteinas en los peces
(Wang et al. 2019, 2021); las concentraciones mas altas de
TP en este estudio se obtuvieron en las dietas con 40% de
proteina, lo cual puede indicar que este nivel es adecuado
para llevar a cabo la digestion y la absorcion de proteinas
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behavior. Filho et al. (1992) observed that active fish species,
such as bass, have higher concentrations of HB and HCT in
response to the high metabolic rates of these species.

According to the results obtained in the present study, it
is concluded that, under the conditions of the present study,
C. viridis juveniles can be fed with diets containing 40% pro-
tein, 10% lipids, and a protein/energy ratio of 20.69 mg-kJ' to
obtain adequate growth and feed efficiency without affecting
their survival and their biometric and hematological indices.
Future research is recommended to assess whether dietary
protein requirements in juveniles of this species are below
40% and evaluate other dietary lipid levels to determine if
there is a protein-sparing effect of dietary lipids.
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