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ABSTRACT - This study evaluated the effects of feeding frequency and feeding rate on productive 

performance of hybrid surubims reared in cages with automatic feeding. Three feeding frequencies (6, 12 and 

24 meals day-1), and two feeding rates (4% and 8% of body weight per day, BW day-1) were evaluated. Hybrid 

surubims (Pseudoplatystoma corruscans × Pseudoplatystoma fasciatum) with average weights of 24.20 ± 0.80 

g were distributed in 18 cages of 1.0 m³ at a density of 60 fish m-3. Fish were fed commercial ration containing 

40% crude protein, and feeding took place at night using automatic feeders. The study lasted 47 days. With a 

feeding rate of 4% BW day-1, the final weight (FW) of the surubims was higher when feed was supplied as 24 

meals day-1 (66.92 g). However, using 8% BW day-1, the FW was greater with a feeding frequency of 12 meals 

day-1 (106.90 g). Regardless of feed frequency, the values of daily weight gain and standard length of surubims 

were higher with the feeding rate of 8% BW day-1.  Therefore, the feeding rate of 8% BW day-1, provided in 12 

meals day-1, provided better productive performance for hybrid surubims (Pseudoplatystoma corruscans × 

Pseudoplatystoma fasciatum) reared in cages. 
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COMPARAÇÃO ENTRE DUAS TAXAS E TRÊS FREQUÊNCIAS ALIMENTARES PARA 

SURUBINS HÍBRIDOS CRIADOS EM TANQUE REDE  

 

 

RESUMO – Este estudo avaliou os efeitos da frequência e taxa de alimentação sobre o desempenho produtivo 

de surubins híbridos criados em tanque rede. Três frequências (6, 12 e 24 refeições dia-1) e duas taxas de 

alimentação (4% e 8% do peso vivo por dia, PV dia-1) foram avaliadas. Híbridos de surubim 

(Pseudoplatystoma corruscans x Pseudoplatystoma fasciatum), com peso médio de 24,20 ± 0,80 g, foram 

distribuídos em 18 tanques rede de 1,0 m³ com densidade de 60 peixes m-³. Os peixes foram alimentados no 

período noturno por alimentadores automáticos, com ração comercial contendo 40% de proteína bruta. O 

estudo teve duração de 47 dias. Com a frequência de 4% PV dia-1, o peso final (PF) dos surubins foi maior com 

o fornecimento da ração em 24 refeições dia-1 (66,92 g). Entretanto, usando 8% PV dia-1 o PF foi maior com a 

frequência de 12 refeições dia-1 (106,90 g). Independente da frequência alimentar, os valores de ganho de peso 

diário e comprimento padrão dos surubins foram maiores com a taxa de alimentação de 8% PV dia-1. Assim, o 

fornecimento da ração com taxa alimentar de 8% PV dia-1, dividida em 12 refeições dia-1, proporcionou melhor 

desempenho produtivo para surubins híbridos (Pseudoplatystoma corruscans × Pseudoplatystoma fasciatum) 

criados em tanque rede. 

 

Palavras-chave: Manejo alimentar. Alimentação noturna. Pseudoplatystoma corruscans. Pseudoplatystoma 

fasciatum. 
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INTRODUCTION  
 

Surubims (Pseudoplatystoma spp.) are 

freshwater fish that have good meat quality and are 

considered highly valuable fish in Brazil (INOUE et 

al., 2009). The Pseudoplatystoma genus has three 

species: P. corruscans, native to the Paraná basin and 

São Francisco; P. fasciatum, present in the basins of 

Paraná and Amazon; and P. tigrinum, native to the 

Amazon basin (BALDISSEROTO; GOMES, 2005). 

The strain usually marketed is the hybrid between P. 

corruscans × P. fasciatum (CREPALDI et al., 2006).  

Since the 2000s, the use of hybrids in fish 

farming has received special attention, as 

hybridization may be used in order to take advantage 

of the favorable characteristics of the parental 

species, as well as improving performance of fish 

reared in captivity (FAUSTINO et al., 2007). The 

optimization of feed management techniques is 

important in order to be able to take full advantage of 

the potential growth of hybrid strains. According to 

Schnaittacher, King and Berlinsky (2005), 

optimizing feed management strategies in fish 

production is important for maximizing growth, 

improving feed conversion, minimizing 

heterogeneity and decreasing feed wastage.  

Knowledge of which feeding frequency and 

feeding period (day, night or day/night) is more 

suitable contributes to better use of feed, and to the 

improvement of production efficiency (CASTRO et 

al., 2014). The feeding frequency represents how 

often fish are fed in a specific period of time and is 

vital for the establishment of an adequate feed 

management program (MIZANUR; BAI, 2014). The 

use of high feeding frequency in fish production, that 

is, greater division of the diet with greater 

distribution throughout the day or night, has been 

shown to contribute to improved growth and feed 

efficiency (ZHOU et al., 2003; SOUSA et al., 2012), 

and decreased heterogeneity (WANG; HAYWARD; 

NOLTIE, 1998; XIE et al., 2011), as well as 

improving the water quality in intensive rearing 

systems (PHILLIPS; SUMMERFELT; CLAYTON, 

1998).  

In addition to the feeding frequency and 

feeding period, the amount of food supplied daily 

should be considered. The feeding rate represents the 

amount of food per fish per day, and its optimization 

is crucial for the success of any aquaculture practice 

(MARIMUTHU et al., 2011; MIZANUR; BAI, 

2014). According to Cho et al. (2003), excess 

feeding can increase the cost of production due to 

high costs of feed, and cause deterioration of water 

quality, which can eventually reduce fish growth. On 

the other hand, feeding below the optimal amount for 

fish growth is undesirable. 

Carnivorous fish, such as surubims, have a 

greater capacity for food intake (TUCKER; 

ROBINSON, 1991) and may have better productive 

performance when fed at higher feeding rates. 

However, depending on how often the food is 

supplied, high feeding rates can become excessive 

and increase the rate of passage of food in the 

gastrointestinal tract (STOREBAKKEN et al., 1999; 

ROTTA, 2003). Higher feeding frequencies can 

improve the use of diet when feed is supplied a high 

feeding rate (OLIVEIRA et al., 2016). Therefore, the 

aim of this study was to evaluate the effects of two 

feeding rates, one close to what is usually offered in 

commercial fish farms of surubims (4% of body 

weight per day), and another above this value (8% of 

body weight per day), divided into 6, 12 or                     

24 meals day-1, on productive performance of hybrid 

surubims reared in cages with automatic feeding. 

 

 

MATERIAL AND METHODS 
 

Eighteen net cages with dimensions of               

1.0 × 1.0 × 1.0 m (1.0 m3) were used in this 

experiment for rearing the surubims. The cages were 

distributed linearly in a 2000 m² pond with average 

depth of two meters and daily water renewal of             

60 liters minute-1. The average water temperature 

was 27.89 ± 0.80°C, dissolved oxygen ranged 

between 4.65 and 5.77 mg L-1, and the average pH 

was 7.38 ± 0.04 during the study. The pH (measured 

with an Oakton electrode), temperature, and 

dissolved oxygen (measured with a YSI55 oximeter) 

were monitored daily in the morning, at three distinct 

points of the pond. One automatic feeder 

(AGOSTINHO et al., 2010) was installed in each 

cage for supplying feed. The automatic feeder used 

an electric motor to dispense the feed, and a timer to 

set the operating time, which makes it possible to 

predetermine the feeding period, feeding frequency 

and the quantity supplied at each meal. 

Hybrid surubims (Pseudoplatystoma 

corruscans × Pseudoplatystoma fasciatum), with 

average weights of 24.2 ± 0.8 g were distributed in 

the net cages at a density of 60 fish m-3. The fish 

were acquired from the Mar & Terra fish farm in 

Bandeirantes, Mato Grosso do Sul, Brazil. The 

experimental design was completely randomized 

with treatments arranged in a factorial design, and 

three feeding frequencies (6, 12 and 24 meals day-1) 

and two feeding rates (4% and 8% of body weight 

per day, BW day-1) were tested, with three 

replications per treatment. At the beginning of the 

experiment all fish were anesthetized with eugenol 

(VIDAL et al., 2006) and individually weighed and 

measured. At 22 days, a sample of 16% of the fish 

from each experimental unit was individually 

weighed to adjust the amount of feed supplied 

according to the weight of the animals in each 

treatment. 

The surubims were fed at night (18h to 6h), 

due to the feeding habits of this species. The feed 

management implemented through automatic feeders 

(AGOSTINHO et al., 2010), with extruded 
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commercial ration for carnivorous fish containing, 

according to the manufacturer, 40% crude protein, 

10% moisture, 10% lipid, 6% crude fiber and 13% 

mineral matter. The feeding was divided in 

accordance with the feeding frequency and supplied 

in equal portions at each meal. For the 24 meals day-1 

treatment, the rations were supplied at 30 min 

intervals, the 12 meals day-1 at 60 min intervals, and 

the 6 meals day-1 at 2 hour intervals. The experiment 

lasted 47 days. 

At the end of the experiment, all the fish of 

each experimental unit were anesthetized with 

eugenol (50 mg L-1), according to Vidal et al. (2006), 

and individually weighed and measured. The 

productive performance of surubims was evaluated 

through the following indexes: final weight, FW (g); 

daily weight gain, DWG (g) = (final weight – initial 

weight)/days of rearing; apparent feed conversion, 

AFC = feed offered (g) / total weight gain (g), and 

standard length, SL (cm). The apparent feed 

conversion rate was calculated based on the amount 

of food supplied, and the leftovers were not 

considered. To compute this, all the feed placed in 

the automatic feeders at the beginning of the 

experiment were weighed and recorded, and the 

same procedure was done until the end of the 

experiment.  

The data of productive performance were 

evaluated by analysis of variance (ANOVA)            

through the System for Statistical Analyses and 

Genetics – SAEG (EUCLYDES, 2005). The model 

included the effects of feeding rate, feeding 

frequency and the interaction between them, and the 

averages were compared by Duncan’s test at 5% 

probability. The homoscedasticity of variances 

(Levene's test) and normality of the data distribution 

(Shapiro-Wilk test) were verified. 

 

 

RESULTS AND DISCUSSION 
 

There was a significant interaction effect of 

feeding rate and feeding frequency only on the 

average values of final weight (FW). Surubims fed at 

a feeding rate of 4% BW day-1 had better growth 

with more frequent feeding, with higher values of 

FW for the frequency of 24 meals day-1 (Table 1). 

Regardless of feeding rate, the standard length of 

fish was higher with this feeding frequency (Table 

2). These results are consistent with those obtained 

by several authors, who observed improvements in 

productive performance with increasing feeding 

frequency in different species of fish (ZHOU et al., 

2003; TÜRKER; YILDIRIM, 2011; XIE et al., 2011; 

SOUSA et al., 2012; FERDOUS et al., 2014). 

According Sousa et al. (2013), the most frequent 

feeding improves food utilization and consequently 

the growth of fish. However, when the feed was 

supplied as a greater proportion of body weight (8% 

BW day-1), fish growth was not better with use of the 

higher feeding frequency, and in this case the 

frequency of 12 meals day-1 was the most 

appropriate compared to the other frequencies tested 

(Table 1).  

Table 1. Average values and standard deviations of final weight (FW) of hybrid surubims subjected to different feeding 

rates and feeding frequencies for 47 days.  

Feeding Frequency (meals day-1) 

 Feeding rate  

 4% BW day-1  8% BW day-1 

FW (g)     

24  66.92±6.27 bA  98.40±8.79 aB 

12  59.07±5.94 bB  106.90±6.91 aA 

6  60.30±1.60 bB  98.13±16.78 aB 

 1 
Means followed by the same letter, lowercase (in the line) and uppercase (in the column), do not differ by 

Duncan test (P < 0.05); BW, body weight. 

Surubims are fish of carnivorous habits, 

which gives this species the ability to ingest large 

amounts of food in one meal (TUCKER; 

ROBINSON, 1991), with large food storage capacity 

in the stomach. Thus, with the feeding rate of 8% 

BW day-1 the frequency of 24 meals day-1 was not 

the most appropriate for the growth of surubims, 

probably due to the smaller amount of food supplied 

per meal, and the feeding rate of 12 meals day-1 may 

have been the ideal limit for storing food, after a few 

meals, without interfering in its use. The presence of 

large amounts of feed in the stomach accelerates 

peristalsis, facilitating emptying (ROTTA, 2003), 

which may influence the feed digestibility and 

consequently the productive performance.  
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Table 2. Average values and standard deviations of daily weight gain (DWG), apparent feed conversion (AFC) and 

standard length (SL) of hybrid surubims subjected to different feeding rates and feeding frequencies for 47 days. 

Feeding Frequency 

(meals day-1) 

 Feeding rate   

Averages 
 4% BW day-1  8% BW day-1  

DWG (g)      
 

24  0.91±0.14  1.58±0.19  1.24±0.40A 

12  0.73±0.11  1.77±0.16  1.25±0.53A 

6  0.77±0.02  1.62±0.37  1.19±0.51A 

Averages   0.80±0.10b   1.65±0.28a   

       

AFC       
 

24  1.02±0.04  1.05±0.11  1.03±0.09A 

12  1.01±0.03  1.11±0.09  1.06±0.08A 

6  1.24±0.27  1.25±0.15  1.24±0.21A 

Averages   1.09±0.17a   1.14±0.15a   

       

SL (cm)      
 

24  19.14±1.07  21.91±1.34  20.53±1.84A 

12  17.66±1.41  21.93±1.61  19.79±2.62B 

6  18.05±1.59  21.12±1.34  19.59±2.34B 

Averages    18.29±1.57b    21.65±1.49a   

 1 
Means followed by the same letter, lowercase (in the line) and uppercase (in the column), do not differ by Duncan test 

(P < 0.05); BW, body weight. 

The feeding frequency is strongly correlated 

with gastric evacuation time (RICHE et al., 2004), 

and the return of appetite is related to the rate of 

gastric emptying (LEE; HWANG; CHO, 2000). 

Feeding at intervals shorter than the time required for 

the return of appetite can lead to gastric overload, 

resulting in reduced absorption efficiency (RICHE et 

al., 2004). Therefore, in this study, the time interval 

between each meal in the feeding frequency of                

12 meals day-1 (every 1 hour) was the most suitable 

for hybrid surubims reared in cages with automatic 

feeding. It is likely that this time interval was 

sufficient for the return of appetite, and positively 

influenced productive performance. 

The amount of food supplied at each meal is 

the main limiting factor for fish growth (SILVA; 

GOMES; BRANDÃO, 2007). According to 

Trushenski et al. (2012), the increasing of feeding 

frequency can be beneficial in terms of digestion and 

absorption efficiency in the productive performance, 

particularly when high feeding rates are used. The 

supply of ration with 8% BW day-1 lead to lower 

growth of surubims with the division of feeding in          

6 meals day-1. However, with more frequent feeding 

(12 meals day-1) the growth of surubims improved 

with the ration supplied at the rate of 8% BW day-1. 

This is consistent with reports by other authors who 

observed improvement in productive performance of 

fish when feed rations were supplied at higher 

feeding rates and higher feeding frequencies 

(SILVA; GOMES; BRANDÃO, 2007; 

TRUSHENSKI et al., 2012). According to Oliveira 

et al. (2016), the subdivision of the daily ration into 

small portions (high feeding frequency) may 

decrease the demand for oxygen to metabolize each 

meal, contributing to a better performance of fish fed 

with higher feeding rates. 

The results of the apparent feed conversion 

(AFC) were not influenced by the different feeding 

rates and feeding frequencies (Table 2). The feeding 

rate of 8% BW day-1 is above the quantities normally 

offered in commercial fish farms of surubims, which 

offer approximately 5% of BW day-1 for the growth 

phase studied. The ration, if supplied in excess, can 
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compromise water quality and consequently reduce 

fish growth (CHO et al., 2003; BISWAS et al., 

2006). The AFC results showed that the feeding rate 

of 8% BW day-1 was not excessive for the production 

of surubims because the average values of this 

parameter, regardless of feeding frequency, were 

similar to those observed in the treatment where the 

fish were fed with feeding rate of 4% BW day-1, with 

values close to 1.0, indicating that this high feeding 

rate did not provide food wastage that compromised 

the production of surubims. The daily weight gain 

and standard length were also higher for fish fed with 

this high feeding rate (Table 2).  

 

 

CONCLUSIONS 
 

Supplying feed at a feeding rate of 8% BW 

day-1 divided into 12 meals day-1 resulted in better 

productive performance for hybrid surubims 

(Pseudoplatystoma corruscans x Pseudoplatystoma 

fasciatum) reared in cages with automatic feeding. 
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