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Resumo - Efeito dos níveis de proteína na dieta sobre o desempenho, parâmetros hematológicos 

e atividade de enzimas digestivas em juvenis de Brycon amazonicus (Spix & Agassiz, 1829) 
Um experimento de 52 dias foi conduzido para determinar o efeito de diferentes níveis de proteína na dieta de 

juvenis de matrinxã Brycon amazonicus e avaliar seu desempenho zootécnico, parâmetros hematológicos e 

atividades enzimáticas resultantes. Sessenta peixes (29,03 ± 1,16 g) foram distribuídos em 12 tanques (310 L) 

em delineamento inteiramente casualizado e mantidos com quatro níveis de proteína bruta na dieta (270, 320, 

350, 390 g.kg⁻¹). Os resultados mostraram que os peixes alimentados com dieta de 390 g.kg⁻¹ PB apresentaram 

melhor peso final, ganho de peso, conversão alimentar, taxa de crescimento específico, taxa de eficiência 

proteica e taxa de retenção de lipídios. O mesmo foi observado para hematócrito, número de eritrócitos 

circulantes, triglicerídeos e proteínas totais do perfil hematológico (p<0,05). Na composição corporal total, o 

teor de matéria seca foi menor nos peixes alimentados com 390 g.kg⁻¹ PB, enquanto o teor de lipídios foi maior 

nos peixes alimentados com 350-390 g.kg⁻¹ PB (p<0,05). Não foram observadas diferenças nos teores de PB 

e cinzas (p>0,05), nem nas atividades das enzimas digestivas (p>0,05). Em resumo, nossos achados sugerem 

que 390 g.kg⁻¹ PB na dieta aumenta os índices de desempenho zootécnico em juvenis de matrinxã. 

Palavras-chave: formulação de ração; exigência de proteína; nutrição de peixes 
 

Abstract - Effect of dietary protein levels on performance, hematological parameters and 

digestive enzyme activity in juvenile Brycon amazonicus (Spix & Agassiz, 1829) 
A 52-day experiment was conducted to determine the effect of varying dietary protein levels on juvenile 

matrinxã Brycon amazonicus, and to evaluate their resulting growth performance, hematological parameters 

and enzymatic activities. Sixty fish (29.03 ± 1.16g) were distributed in 12 tanks (310 L) with a completely 

randomized design, and maintained at four dietary crude protein levels (270, 320, 350, 390 g.kg-1). The results 

revealed that the fish fed diet 390 g.kg-1 CP had the best final weight, weight gain, feed conversion ratio, 

specific growth rate, protein efficiency ratio and lipid retention rate. The same could be stated for hematocrit, 

number of circulating erythrocytes, triglycerides and total proteins of the hematological profile (p<0.05). For 

whole body composition, dry matter content was lower in the fish fed 390 g.kg-1 CP, while lipid content was 

higher in the fish fed 350-390 g.kg-1 CP (p<0.05). No differences were observed in CP and ash (p>0.05), or in 

the activities of digestive enzymes (p>0.05). In short, our findings suggest that 390 g/kg-1 CP in diet increases 

zootechnical performance indices in juvenile matrinxã. 
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Resumen - Efecto de los niveles de proteína en la dieta sobre el rendimiento, parámetros 

hematológicos y actividad enzimática digestiva en juveniles de Brycon amazonicus (Spix & 

Agassiz, 1829) 
Se llevó a cabo un experimento de 52 días para determinar el efecto de diferentes niveles de proteína en la 

dieta de juveniles de matrinxã Brycon amazonicus y evaluar su rendimiento productivo, parámetros 

hematológicos y actividades enzimáticas. Sesenta peces (29,03 ± 1,16 g) fueron distribuidos en 12 tanques 

(310 L) en un diseño completamente aleatorizado, y mantenidos con cuatro niveles de proteína cruda en la 

dieta (270, 320, 350, 390 g.kg⁻¹). Los resultados mostraron que los peces alimentados con la dieta de 390 g.kg⁻¹ 

PC obtuvieron el mejor peso final, ganancia de peso, conversión alimenticia, tasa de crecimiento específico, 

índice de eficiencia proteica y tasa de retención de lípidos. Lo mismo se observó para hematocrito, número de 

eritrocitos circulantes, triglicéridos y proteínas totales del perfil hematológico (p<0,05). En la composición 

corporal total, el contenido de materia seca fue menor en los peces alimentados con 390 g.kg⁻¹ PC, mientras 

que el contenido de lípidos fue mayor en los peces alimentados con 350–390 g.kg⁻¹ PC (p<0,05). No se 

observaron diferencias en PC y cenizas (p>0,05), ni en las actividades de las enzimas digestivas (p>0,05). En 

resumen, nuestros hallazgos sugieren que 390 g.kg⁻¹ PC en la dieta mejora los índices de rendimiento 

zootécnico en juveniles de matrinxã. 

Palabras clave: formulación de raciones; requerimiento de proteína; nutrición de peces 
 

Introduction 

In animal production segments, aquaculture is the fastest growing activity in the world because the world’s 

population is eating more fish, which is a driver of higher production (FAO, 2020). During the fish breeding 

process, supplying diets that meet the nutritional requirements of a given species and breeding stage is one of 

the determining factors for productive efficiency, and is related to zootechnical performance (Aride et al., 

2020; Polese, et al., 2022). Understanding how nutrition influences fish metabolism and health allows us to 

formulate adequate diets that meet species requirements, and are viable from the zootechnical and financial 

points of view (Bicudo and Abimorad, 2012). Of all nutrients, protein is the most important because it makes 

up about 65-75% of total fish weight (based on dry matter) (Lima et al., 2020). Therefore, adequate protein 

supply is necessary to not only allow proper fish development, but to also preserve water quality in breeding 

tanks (Pinto at al., 2021). Of all the nutrients used in diet formulation, protein is one of the main obstacles for 

fish farming to develop in the Amazon (Liebl, et al., 2021).  

The activities of digestive enzymes influence how fish use food. Understanding these activities is important 

because it allows us to optimize fish diet formulation (Lazzari, et al., 2010). As blood is one of the most 

dynamic tissues of the organism, and changes in it occur according to the type of diet consumed, it is possible 

to evaluate fish nutritional status by analyzing hematological characteristics (Nascimento, et al., 2021; Oliveira 

et al., 2021). Knowledge of the mean values of hematological parameters in the natural fish environment and 

captivity in the most diverse commercial breeding systems is important for identifying physiological changes 

due to nutrition and environmental factors, such as homeostasis conditions and stress (Araujo, et al., 2011).  

Of the native fish species farmed in the State of Amazonas, tambaqui (Colossoma macropomum), matrinxã 

(Brycon amazonicus), and pirarucu (Arapaima gigas) are the most noteworthy (Peixe-BR, 2025). Matrinxã is 

the second most cultivated species in the State of Amazonas, and the most cultivated species in the northern 

and central mesoregions of this state for its superior zootechnical performance, quality and good consumer 

acceptance (Oliveira, et al., 2012). It also adapts easily to the efficient use of protein sources of either animal 

or vegetable origin (Reimer, 1982). However, there is little information relating to the effects of varying protein 

content on the physiological responsiveness of juveniles of this species (Izel, et al., 2004).  

In this context, the present study evaluated increasing CP levels in the diet of juvenile matrinxã (270, 320, 

350, 390 g/kg-1 CP), and correlated them with zootechnical performance, hematological parameters and the 

determination of digestive enzyme activity. This study sought to establish the ideal protein level for this 

species’ juvenile phase to achieve food efficiency and to optimize production. 

 

Materials and Methods 

Experimental diets 

Four experimental isoenergetic diets (16.74 MJ crude energy/kg) with increasing protein levels (270, 320, 

350, 390 g/kg-1 CP) were used (Table 1). Diets were formulated based on nutritional recommendations for 

omnivorous fish species (NRC, 2011). Formulations were prepared in the Aquatic Organism Nutrition 
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Laboratory at the Nilton Lins University. Ingredients were milled in a 0.5 mm mesh knife mill (Wiley Mill, 

TE-650/1), homogenized in a humidified “Y” automatic mixer (20% water) and processed in a single thread 

extruder through a 4 mm dye. Then they were dried in a forced ventilation oven at 55ºC for 24 h and kept at -

18o C until use. 

Table 1. Composition and proximate analyses of experimental diets. 

Ingredients (g.Kg-1 of dry weight) 
Dietary protein levels (g.Kg-1) 

270 320 350 390 

Soybean meal 165.20 240.30 315.80 390.20 

Fish meal 250.00 250.00 250.00 250.00 

Corn Gluten 0.00 18.00 36.00 54.00 

Wheat bran 150.00 150.00 150.00 150.00 

Corn bran 297.80 215.40 133.00 50.60 

Soybean oil 50.00 50.00 50.00 50.00 

Dicalcium phosphate 15.00 15.00 15.00 15.00 

Premix¹ 10.00 10.00 10.00 10.00 

Sodium chloride 5.00 5.00 5.00 5.00 

BHT2 0.20 0.20 0.20 0.20 

Benzoic acid 5.00 5.00 5.00 5.00 

Cellulose 10.00 10.00 10.00 10.00 

Inert 41.70 31.10 20.00 10.00 

Total 1000.00 1000.00 1000.00 1000.00 

Proximate composition (g.Kg-1) 

Dry matter3 961.10 962.90 960.30 955.50 

Crude protein3 270.90 320.80 356.60 397.30 

Crude fat3 141.60 130.50 130.80 128.10 

Ash3 131.10 125.70 118.30 111.90 

Crude fiber3 43.40 61.40 50.30 43.80 

NFE4 374.10 331.50 304.30 274.40 

1Composition of vitamin-mineral premix (mg/kg diet): Vit. A (min) = 1.200.000 UI; Vit. D3 (min) = 200.000 UI; Vit. E 

(min) = 12.000 mg; Vit. K3 (min) = 2.400 mg; Vit. B1 (min) = 4.800 mg; Vit. B2 (min) = 4.800 mg; Vit. B6 (min) = 

4.000 mg; Vit. B12 (min) = 4.800 mg; Vitamin C = 48.000 mg; Folic acid (min) = 1.200 mg; Pantothenic acid (min) = 

12.000 mg; Biotin (min) = 48 mg; Choline (min) = 65.000 mg; Niacin (min) = 24.000 mg; Iron (min) = 10.000 mg; 

Copper (min) = 600 mg; Manganese (min) = 4.000 mg; Zinc (min) = 6.000 mg; Iodine (min) = 20 mg; Cobalt (min) = 2 

mg;  Selenium (min) = 20 mg. 2Butyl hydroxy toluene. 3Analysed values according to AOAC (2012). 4NFE: Nitrogen-

free extract (NFE). 

Feeding trial 

This study was carried out following the recommendations on Ethical Principles in Animal Experimentation 

adopted by the Brazilian National Council for Animal Experimentation Control (CONCEA). It was approved 

by the Ethical Animal Use Commission (CEUA) at the Nilton Lins University with approval No. 017/2016 

and at the Federal University of Amazonas with approval N°. 001/2017. All the experimental procedures were 

followed according to local guidelines (Percie, et al., 2020). The trial was conducted in Manaus, Amazonas 

(Brazil). The experimental system consisted of 12 tanks (310 L) in a system with partial water renewal and 

constant artificial aeration. During the trial, fish were fed 3 times (8 and 12 am, and 5 pm) a day until apparent 

satiety. Water parameters, such as temperature, pH, oxygen and ammonia, were measured daily, with 

respective values of 29±0.80°C, 6.25±0.50, 7.80±0.60 mg/L and 0.25±0.10 mg/l, following Resolution N°. 

357 of 2005, of the National Council of the Environment (CONAMA) for freshwater. The photoperiod was 

maintained at 12h:12h light: dark. 

Juvenile matrinxã Brycon amazonicus (N=60) were acquired from the Center for Technological Training 

and Production in Aquaculture (CTTPA) in the municipality of Presidente Figueiredo, State of Amazonas. 

They were allowed 10 days to adapt to laboratory conditions. Juvenile matrinxã, with a 29.03±1.1g mean initial 

weight, were randomly distributed to tanks at a density of five fish per tank, and each experimental diet was 

randomly assigned to three replications. 

At the end of the 52-day feeding trial, fish were counted and weighed after not being fed for 24 h and four 

fish per tank were randomly sampled. Two of these fish were immediately euthanized by a 50 mg/L clove oil 

overdose (Inoue, Santos and Moraes, 2003) and frozen for the body composition analysis. Two other sampled 

fish were used for blood and tissue collections. Blood was obtained from the caudal vein and stored separately 

in tubes with or without 10% EDTA. Blood samples without anticoagulants were centrifuged at 3000 rpm for 
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15 minutes 3h after blood clotting to obtain plasma (Oliveira, et al., 2016). Plasma was recovered after 

centrifugation at 3000 rpm for 15 minutes and stored at −80°C until the analyses. Fish were killed by clove oil 

overdose (50 mg/L) (Inoue, Santos and Moraes, 2003) and fish length and weight, and viscera and liver 

weights, were recorded. The stomachs, intestines and livers of these fish were collected and stored at −80°C 

until analyses.  

Growth parameters 

The effects of the experimental diets on zootechnical performance, feed utilization and the hepato-somatic 

index were determined by calculating the parameters set out below.  

a) Weight gain (WG; g): final weight (g) - initial weight (g); 

b) Feed conversion ratio (FCR): individual feed intake (g)/individual weight gain (g); 

c) Specific growth rate (SGR; %/day): [(Ln final weight - Ln initial weight)/Time] x 100; 

d) Protein efficiency ratio (PER; %): weight gain (g)/crude protein intake (g); 

e) Protein retention rate (PRR; %): {[(CP final carcass x final weight) - (CP initial carcass x initial weight)] 

/ crude protein intake} x 100 

f) Lipid retention rate (LRR; %): {[(lipid final carcass x final weight) - (lipid initial carcass x initial 

weight)] / lipid intake} x 100 

g) Hepato-somatic index (HSI; %): (liver weight/final weight) × 100 

h) Survival (S, %) = (number of final animals x 100)/number of initial animals. 

Body composition 

Proximate fish compositions were collected from two fish in each experimental unit (6 fish per treatment). 

Body composition was determined by the standard methods of the Association of Official Analytical Chemists 

(AOAC, 2019). The following were determined: content moisture by drying for 24 h at 110ºC to constant 

weight; protein by the Kjeldahl method (N × 6.25); crude fat by diethyl ether extraction; ash by heating at 

450ºC for 24 h; crude fiber by the Weende method (Silva and Queiroz, 2002). The nitrogen-free extract (NFE) 

for diets was determined as the remainder of CP, crude fat, ash and crude fiber. 

Hematological parameters 

Whole blood was used to evaluate the hematological variables. The determination of the number of 

circulating erythrocytes (RBC, x106/µL) was made in a Neubauer chamber according to the method of Collier 

(1944); Hematocrit (Htc, %) was determined by the microhematocrit method, following the methodology of 

Goldenfarb et al. (1971); hemoglobin concentration (Hb, g/dL) was assayed by the cyanometahemoglobin 

method and spectrophotometer readings (Kampen and Zijlstra, 1964). The hematimetric indices were also 

calculated as established by Wintrobe (1934): mean corpuscular volume (MCV, fL), mean corpuscular 

hemoglobin (MCH, pg), and mean corpuscular hemoglobin concentration (MCHC, g/dL). 

The analyses of glucose (enzyme glucose GOD-PAP) and triglycerides (Triglycerides Liquicolor GPO-

PAP) were performed from plasma. The analyses of total protein (Total Protein) and cholesterol (Cholesterol 

Liquicolor) used serum. All the analyses were run using specific commercial kits (In Vitro Diagnostica Ltda, 

Itabira/MG) for each parameter, with subsequent readings by a spectrophotometer (Multiskan ™, Thermo 

Fisher Scientific, Brazil). 

Enzyme activities 

Stomach and intestines were homogenized in TRIS HCL buffer 50 mM with CaCl2 at pH 8.0, and the 

stomach extract in saline containing CaCl2. After homogenization, an aliquot of 2.0 mL of each sample was 

centrifuged and cooled to 4ºC for 4 minutes at 10000 rpm. The supernatant was stored in tubes and kept frozen 

at -80ºC, until the analysis to determine enzyme activity. All enzyme activities were measured at 37 °C in a 

microplate reader (Multiskan GO, ThermoScientific, USA), by monitoring changes in absorbance. Protein 

concentration was determined according to Bradford (Brown, 1984) using bovine serum albumin as standard. 

To establish acid protease activity, a version of the hemoglobin method adapted by Khaled et al. (2011) 

was followed. A buffer of 100 mM of sodium citrate with 20 mM of CaCl2 was used and as substrate 

hemoglobin with pH 2.0. The reaction was incubated for 60 minutes at 25 ºC and was interrupted by the 

addition of 50 µL of 10% trichloroacetic acid. The precipitate was removed by centrifugation at 10000 

rpm/5min for the supernatant reading at 275 nm, expressed as 1 µmol tyrosine/minute/mg protein. Tyrosine 

was used as a standard.  

To determine alkaline protease activity, a version of the azocasein method adapted by Sarath et al. (2001) 

was employed. As a buffer, 100 mM Tris-HCl, pH 7.6, 20 mM CaCL2, and 20 mM NaCl with 0.25% azocasein 
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were used as a substrate. The reaction was incubated for 60 minutes at 25 °C and was interrupted by adding 

50 µL of TCA (10%). The precipitate was removed by centrifugation at 10000 rpm/5 min. for the supernatant 

reading at 440 nm, expressed as 1 µmol of hydrolyzed substrate/mg protein/min. 

The non-specific lipase activity in the homogenized stomach and intestine was determined by the 

methodology adapted from Albro et al. (1985) using a mixture of 200 mM Tris-HCl, 10 mM CaCl2, 10 mm 

NaCl, 1 mM Tamodeoxycholate, 0.05% Triton X-100 and 0.05% gum Arabic as a buffer at pH 8.0, and 2 mM 

P-nitrophenyl-myristate as a substrate. The microplate reading was taken at 405 nm after hydrolysis and 

expressed as 1 µmol of hydrolyzed substrate/mg of protein/minute. 

Amylase was determined by the adapted method Bernfeld (1955), by which the reaction was performed 

using a 100 mM na+ acetate buffer at pH 7.6, with 20 mM CaCl2 and 10 mM NaCl and the homogenized 

product was added and then incubated for 60 minutes at room temperature. The reaction was interrupted by 

adding 50 µL of 1% starch. The reading was taken at 554 nm and expressed as 1 µmol of glucose/mg of 

protein/minute. To establish the maltose calibration curve, 50 µL lugol diluted to 0.1% I2 and 0.3% I2 was 

used.  

Data analysis  

The results were expressed as mean±SEM. Data normality was previously evaluated by the Shapiro-Wilk 

test and homogeneity of variance was verified by the Levene test. Data were analyzed by a one-way analysis 

of variance (ANOVA), followed by Tukey’s post hoc test, to check for significant differences between 

treatments. Statistical analyses were conducted using the SPSS software (version 20.0, IBM, Armonk, NY, 

USA). Differences were considered statistically significant when p<0.05. 

 

Results 
 

The growth performance and feed efficiency data are presented in Table 2. Fish well accepted the 

experimental diets and no mortality was recorded. FW, WG, the SGR and the LRR were higher in the fish fed 

the diet with 390 g/kg-1 CP, while lower FCR and PER were also observed in this diet. The parameters FW, 

WG and the SGR showed a positive linear effect with increasing protein inclusion levels. In the whole body 

composition (Table 3), dry matter content was lower in the fish fed 390 g/kg-1 CP. Lipid content was higher 

in the fish fed 350 g/kg-1 CP. No differences were observed in the CP and ash of the whole body composition. 

No effects by dietary protein were seen for MCH, MCV and MCHC (Table 4). However, hematocrit (Htc) 

and the number of erythrocytes (RBC) were higher in the fish fed 390 g/kg-1 CP, while the triglyceride and 

total plasma protein levels were higher in the fish fed 350 and 390 g/kg-1 CP. Regarding digestive enzymes, 

acid protease, alkaline protease, lipase and amylase enzyme activity were evaluated in stomachs, anterior 

intestines and posterior intestines, and were not affected by dietary treatments (Table 5). 

Table 2. Effect of dietary protein levels on growth performance, feed utilization and hepatosomatic index of juvenile matrinxã 

(Brycon amazonicus) fed experimental diets for 54 days. 

Parameter 
Dietary protein levels (g/Kg) 

P Value 
270 320 350 390 

Initial Weight (g) 27.73±0.87 33.13±2.29 25.38±2.09 29.85±1.69 0.080 

Final Weight (g) 89.20±3.54a 100.80±4.54ab 90.92±3.35a 121.22±10.59b 0.023 

Weight gain (g) 61.47±2.97a 67.67±3.73ab 65.53±2.89a 91.37±8.98b 0.015 

Feed intake (g) 507.62±18.07 507.95±13.50 528.62±16.41 579.05±73.04 0.557 

Feed conversion ratio 1.66±0.06b 1.51±0.05ab 1.61±0.04b 1.26±0.08a 0.008 

Specific growth rate (%) 2.25±0.05ab 2.14±0.10a 2.46±0.14ab 2.69±0.07b 0.018 

Protein efficiency ratio (%) 2.23±0.07b 2.07±0.07ab 1.74±0.04a 2.00±0.13ab 0.044 

Protein retention rate (%) 21.33±0.53 20.08±0.78 17.22±0.75 18.97±1.51 0.081 

Lipid retention rate (%) 50.75±1.21a 62.76±1.00ab 57.07±4.32a 73.18±4.30b 0.010 

Hepato-somatic index (%) 1.30±0.07 1.33±0.08 1.33±0.13 1.16±0.12 0.704 

All values represents mean ± S.E.M., n=3 tanks per treatment. Mean in the same row with different superscript letters are 

significantly different (ANOVA analysis; P <.05). The experimental period was 52 day. 
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Table 3. Effect of dietary protein levels on whole-body composition (g.kg-1 of dry weight) of juvenile matrinxã (Brycon 

amazonicus) fed experimental diets for 54 days.  

Parameter 
Dietary protein levels (g.Kg-1) 

P value 
270 320 350 390 

Dry matter 344.60±0.03c 333.50±0.05b 332.10±0.05b 320.40±0.04a 0.001 

Protein  493.20±0.57 498.50±0.47 493.40±0.78 498.80±0.76 0.883 

Lipid  409.30±0.20a 413.90±0.12a 430.00±0.48b 422.40±0.60ab 0.012 

Ash  74.10±0.26 83.90±0.22 79.80±0.27 82.40±0.33 0.104 

Note: Values in the same line with different letters are significantly different (one-way ANOVA), when submitted to a Tukey test 

(p ˂ 0.05). 

Table 4. Effect of dietary protein levels on hemato-biochemical parameters in juvenile matrinxã (Brycon amazonicus) fed 

experimental diets for 54 days. 

Parameter 
Dietary protein levels (g.Kg-1) 

P value 
270 320 350 390 

Hematocrit (%) 30.69±0.84ab 30.14±0.62a 32.00±0.69ab 33.23±0.72b 0.019 

Hemoglobin (g/dL) 1.32±0.06 1.39±0.10 1.37±0.06 1.25±0.04 0.529 

RBC (x106/µL) 2.71±0.11a 2.68±0.09a 2.80±0.12ab 3.34±0.17b 0.002 

MCH (pg) 5.05±0.39 5.35±0.53 4.87±0.28 4.13±0.28 0.168 

MCV (fL) 116.74±7.26 115.23±4.02 114.85±7.73 110.16±7.07 0.916 

MCHC (g/dL) 4.23±0.19 4.70±0.37 4.37±0.26 3.78±0.14 0.122 

Glucose (mmol/L) 5.06±0.12 4.82±0.11 4.76±0.09 4.95±0.12 0.256 

Triglycerides (mg/dL) 181.87±8.43a 177.50±8.18a 118.46±7.20b 138.59±10.38b 0.001 

Total proteins (g/dL) 8.71±0.22a 8.25±0.24a 6.43±0.24b 6.90±0.33b 0.001 

Cholesterol (mg/dL) 89.05±7.22 93.43±6.78 69.07±8.45 100.88±16.83 0.181 

Note: Values in the same line with different letters are significantly different (one-way ANOVA), when submitted to a Tukey 

test (p ˂ 0.05). 

Table 5. Effect of dietary protein levels on digestive enzyme activity in juvenile matrinxã (Brycon amazonicus) fed experimental 

diets for 54 days. 

Enzymes 
Dietary protein levels (g.Kg-1) 

P value 
270 320 350 390 

Stomach 

Acid Protease (%) 185.81±18.76 171.54±24.72 132.47±13.94 130.76±29.73 0.258 

Alkaline Protease (%) 0.11±0.01 0.09±0.01 0.08±0.02 0.07±0.02 0.652 

Previous intestine 

Acid Protease (%) 164.96±16.42 166.73±10.18 206.22±11.08 183.97±27.57 0.244 

Alkaline Protease (%) 0.18±0.020 0.17±0.01 0.18±0.01 0.19±0.02 0.777 

Lipase (%) 0.24±0.08 0.16±0.04 0.17±0.13 0.06±0.05 0.509 

Amylase (%) 1.22±0.13 0.82±0.12 0.90±0.09 0.93±0.10 0.084 

Posterior intestine 

Acid Protease (%) 137.52±17.32 213.30±31.09 181.09±20.23 183.25±23.67 0.165 

Alkaline Protease (%) 0.19±0.03 0.21±0.04 0.17±0.02 0.20±0.02 0.729 

Lipase (%) 0.02±0.003 0.02±0.004 0.03±0.01 0.01±0.002 0.319 

Amylase (%) 1.37±0.09 1.76±0.19 1.69±0.22 1.45±0.16 0.362 

Note: Values in the same line with different letters are significantly different (one-way ANOVA), when submitted to a Tukey test 

(p ˂ 0.05). 

 

Discussion 

Matrinxã is a carnivorous freshwater fish (trophic level 3.0) with a high cannibalism index in its initial 

growth phase (Ferraz and Gomes, 2009). In our study, the fish fed the highest CP level in diet showed higher 

growth rates than those that received the lowest CP levels in diet. Similar results have been reported for other 

carnivorous freshwater fish (Melo et al., 2006).  
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The growth performance of the juvenile matrinxã in this study fell within the growth performance range 

observed in other studies for this species. Our fish with the most WG were those fed 390 g/kg-1 CP, while the 

lowest WG value went to the fish fed 270 g/kg-1 CP. In a study by Izel et al. (2004), conducted with juvenile 

matrinxã submitted to diets with 160, 190, 220, 250, and 280 g/kg-1 CP, the highest WG value was obtained in 

the fish fed 280 g/kg-1 CP, with FCR values of 2.04 for the 250 g/kg-1 and 280 g/kg-1 CP levels. In the present 

study, the FCR values for the fish that received 270 g/kg-1 and 390 g/kg-1 CP were 1.66 and 1.36, respectively. 

This difference could be related to the increase in protein level, which resulted in a better use of diets, and was 

observed in the FCR. Yang et al. (2016) noted this same behavior when evaluating increasing protein levels 

for Lepomis macrochirus, as did Ullah et al. (2022) when they assessed rising protein levels for Tor putitora 

and observed the same behavior. 

The PER had a negative linear effect on the tested diets, which suggests that the highest-level protein diet 

should not be used for protein deposition and may have been used as an energy source. This statement can be 

supported by the results found for the PER, the LRR and ether extracts in carcasses because fish retained more 

body fat when the protein level in diet increased. These results corroborate the findings reported in similar 

studies (Yang, et al., 2016; Lee et al., 2001; Akpinar, et al., 2012).  

The highest ether extract content in carcasses was observed in the animals fed the diet with 350 g/kg-1 of 

CP. Deposition of lipids in carcasses due to increased dietary protein is not economically desirable (Lehninger, 

2002; Furuya, et al., 2005) because the amino acids that derive from protein have to be oxidized to be stored 

as energy reserves instead of being used for growth. 

Blood parameters can be used as biological indicators to monitor fish well-being, particularly as a tool to 

diagnose animal stress (Liebl, et al., 2021; Castro, et al., 2020; Anselmo, et al., 2021; Dallagnol, et al., 2014). 

The biochemical composition of blood plasma reflects the metabolic situation of tissues in animals. It is also 

possible to evaluate changes in animal's organ function and adaptation as regards not only nutritional and 

physiological challenges, but also specific metabolic imbalances or imbalances of a nutritional origin (Aride, 

et al., 2018; Tavares-Dias, et al., 2008). The present study revealed that protein levels do not interfere with the 

results of hemoglobin and hematimetric indices. The highest hematocrit value was observed in the animals fed 

a diet containing 390 g/kg-1 CP. However, this value is considered normal because it falls within the reference 

values (23-35%) for the species without causing any health problems (Tavares-Dias, et al., 2008). Higuchi et 

al. (2011) fed Rhandia quelen with increasing dietary protein levels and did not observe any differences in the 

evaluated biochemical and hematological parameters. 

Ferreira et al. (2013) tested the effects of 360 and 450 g/kg-1 CP on diets associated with physical training 

in physiological parameters of juvenile matrinxã. They concluded that there was no protein level-erythropoietic 

variation interaction. Puppo et al. (2017) evaluated hematological responses of Nile tilapia in relation to 

increasing CP levels (270, 300, 330, 360 g/kg-1 CP) in diets. They found no changes in erythropoiesis, which 

indicates that erythrogram changes are not related to dietary CP levels. 

 According to Tavares-Dias et al. (2008), the RBC reference values for Brycon amazonicus varied 

between 1.13-1.56 x106.µL-1), but the present study obtained higher RBC values (between 2.68-3.34 x106.µL-

1). In studies with Cyprinus carpio, Ahmed and Maqbool (2017) observed a linear increase in RBC with 

varying levels from 250 to 500 g/kg-1 CP. They attributed this increase to the early release of the storage pool 

in the spleen. Abdel-Tawwab (2012) believed that splenic activity was influenced by protein levels after 

verifying a linear increase in RBC levels under the influence of protein levels ranging from 250 to 450 g/kg-1 

CP in Oreochromis niloticus. Different stress factors ranging from handling or forced physical exercise at the 

time of capturing these animals to performing final biometrics can also influence RBC levels. 

The reduction in plasma triglycerides due to the increased protein in experimental diets may be related to 

greater lipid retention and a higher ether extract concentration in carcasses, which might indicate lower 

circulating triglyceride levels. Glencross et al. (2017) observed how lipid retention increased at higher protein 

levels in the diet of Lates calcarifer. Ahmed and Maqbool (2017) reported how incremented protein in diet 

increased the body lipid concentration in Cyprinus Carpio.  

A drop in the total plasma protein levels with increasing protein content in diet may indicate higher protein 

consumption, as evidenced by the lowering protein efficiency rate. These results agree with Ahmed and Ahmad 

(2020) and Ahmed and Maqbool (2017), who demonstrated worse protein efficiency and greater body protein 

retention in diets with high CP levels for Oncorhynchus mykiss and Cyprinus Carpio, respectively, which may 

represent lower plasma protein levels, as herein observed. 

Regarding digestive enzymes, no differences in activity were observed in the fish fed the experimental 

diets. Lazzari et al. (2010) observed variations in trypsin, chymotrypsin and amylase activity in the digestive 

tract segments of Rhamdia quelen, and were linked with the protein source composition, which varied between 
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meat and bone meal with sugar cane yeast, soybean meal and fish meal. Nonspecific acid and alkaline proteases 

were detected in all the digestive tract segments, but displayed more marked activity in the anterior and 

posterior intestine segments due to their characteristic alkaline pH. Several studies have correlated proteolytic 

activity, which varies depending on whether different protein levels for fish are included (Almeida, Lundstedt 

and Moraes, 2006; Arbeláez-Rojas, Inoue, and Moraes, 2011; Xiong, et al., 2011). However, this relation was 

not observed in the present study, but was ratified by Almeida et al. (2018). Lundsedt, Melo and Moraes, 

(2004) conducted a study with juvenile pintado (Pseudoplatystoma corruscans), which were fed 200, 300, 400, 

and 500 g/kg-1 CP. These authors observed that the pintado stomach showed marked proteolytic activity but, 

as this did not correspond to diet protein content, they were unable to assume that both enzymes responded to 

diet. 

Lipase activity was not detected in stomachs, and its greatest activity took place in anterior intestines. This 

result may be correlated with the presence of pyloric caeca, which were homogenized with the anterior intestine 

portion. Gisbert et al. (1999) stated that lipase action was more effective in the proximal portion of intestines 

and pyloric caeca, whose action extends at a lower activity rate to other digestive tract portions. In the stomach, 

lipase is responsible for hydrolyzing emulsified and low-melting-point lipids, which demonstrates lower 

lipolytic performance in this segment. Tok et al. (2016) conducted a study on Pangasianodon hypophthalmus 

and observed only a minor variation in the intestinal lipase enzyme in different protein diets as the same level 

of lipids was included in all the experimental diets. This finding corroborates the data found in this study. 

Amylase activity showed no significant differences between treatments and can be localized throughout the 

fish digestive tract. 

 

Conclusions 
 

It can be concluded that 390 g/kg-1 CP in diet increases zootechnical performance indices in juvenile 

matrinxã. The inclusion of different protein levels neither leads to hematological alterations nor interferes with 

the activities of the evaluated digestive enzymes. Future studies should be carried out to determine optimal 

nutritional requirements. 
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