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ABSTRACT 
 
This study aimed evaluate energetic mobilization in tambaqui submitted to fasting, after 
a one-day refeeding. 120 tambaqui juveniles were distributed in 12 310L polyethylene 
boxes. Three treatments were evaluated: Control (14 days of feeding); Fasting for 14 
days; and Refeeding (13 days fasting and one day of feedback). After the experimental 
period, the fish were anesthetized with eugenol for blood collection and serum and plasma 
were used to measure glucose, triglycerides, cholesterol and serum protein. Subsequently, 
fish were euthanized to remove liver and mesenteric fat and were used to determine 
hepatic glycogen and lipid and mesenteric fat index. The results were submitted to 
ANOVA and the means compared by Tukey test when statistical significance was 
observed (P <0.05). Glucose, triglycerides and serum protein decreased after fasting, 
differing statistically with the control. Refeeding resulted in the recovery of three blood 
indicators. Liver analysis shows glycogen was consumed intensely during fasting and 
partially recovered after refeeding, when compared to control group. The results obtained 
in this study suggest that the 14-day fast was not harmful to the fish and the tambaqui are 
able to quickly adjust their metabolism according to their nutritional status. 
Keyword: amazon fish, energy mobilization, feed deprivation, metabolism 
 
RESUMO 
 
Este estudo objetivou avaliar a mobilização energética em tambaqui submetido ao jejum, 
após a realimentação de um dia. 120 juvenis de tambaqui foram distribuídos em 12 caixas 
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de polietileno de 310L. Foram avaliados três tratamentos: grupo controle (14 dias de 
alimentação); Jejum de 14 dias; e realimentado (13 dias em jejum e um dia de 
realimentação). Após o período experimental, os peixes foram anestesiados com eugenol 
para coleta de sangue e o soro e o plasma foram utilizados para dosagem de glicose, 
triglicerídeos, colesterol e proteína sérica. Posteriormente, os peixes foram eutanasiados 
para remoção de fígado e gordura mesentérica e foram usados na determinação de 
glicogênio e lipídio hepático e índice de gordura mesentérica. Os resultados foram 
submetidos à ANOVA e as médias comparadas pelo teste de Tukey quando observada 
significância estatística (P <0,05). Glicose, triglicérides e proteína sérica reduziram após 
o jejum, diferindo estatisticamente com o controle. Já a realimentação resultou na 
recuperação dos três indicadores sanguíneos. A análise no fígado mostra que o glicogênio 
foi consumido intensamente durante o jejum e recuperou parcialmente após a 
realimentação, quando comparados ao grupo controle. Os resultados obtidos neste estudo 
sugerem que o jejum de 14 dias não foi prejudicial aos peixes e os tambaqui são capazes 
de ajustar rapidamente seu metabolismo de acordo com seu estado nutricional. 
Palavras-chave: peixe amazônico, mobilização de energia, restrição alimentar, 
metabolismo 
 
INTRODUCTION 
 
Feeding managements increase food 
efficiency and guarantee economic 
benefits for producers (KABIR et al., 
2019; LUNA et al., 2019) and improve 
water quality to provide fish growth 
(CYRINO et al., 2010). An alternative to 
traditional feeding methods is fasting 
and refeeding protocol to stimulate better 
growth and use of dietary nutrients (ALI, 
2003; URBINATI et al., 2014; 
HERRERA, 2016).  
In natural environment fish are able to 
survive after being subjected to long-
term fasting (NAVARRO; 
GUTIÉRREZ, 1995; BAR, 2014). 
During this period, energy reserves are 
mobilized due to the low food supply. It 
involves a series of endocrine, 
metabolic, and behavioral responses, 
which result in a decrease in the 
metabolic rate and mobilizes energy 
reserves to maintain the vital functions of 
the body, such as brain function, 
breathing, and regulation of the hydro-
mineral balance, and others. (FURNÉ et 

al., 2012), and after the return to food, it 
is common to observe compensatory 
growth (MOMMSEN et al., 1999), but 
metabolic adjusts of refeeding are still 
unclear, meanly about acute responses 
son after firsts feeds. We hypothesized 
that as faster fish recover their energy 
reserves, faster and more efficient will be 
growth after refeeding. 
Generally, glycogen is first substrate 
catabolized during fasting in most fish 
species, such as Piaractus 
mesopotamicus (SOUZA et al., 2003; 
TAKAHASHI et al., 2011; GIMBO et 
al., 2015), Ictalurus punctatus 
(PETERSON; SMALL, 2004), 
Dicentrarchus labrax (PÉREZ-
JIMENÉZ et al., 2007; CHATZIFOTIS 
et al., 2011), Rhamdia quelen 
(BARCELLOS et al., 2010), 
Prochilodus lineatus (RIOS et al., 2011), 
Dentex dentex (PÉREZ- JIMENÉZ et al., 
2012) and Brycon amazonicus 
(URBINATI et al., 2014), followed by 
lipid and protein reserves. 
However, results after refeeding the 
recovery of energy reserves pattern may 
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vary depending on fish species, fasting 
intensity, quality of the food (FURNÉ et 
al., 2012; FAVERO et al., 2017; GIMBO 
et al., 2015). In addition, strategy 
adopted by fish regarding recovery of 
energy reserves after first hours of 
refeeding is still unknown. Such 
information is extremely important to 
determine intensity of fasting to 
possibility correct choose of fasting/re-
feeding protocols. 
Thus, we aimed to evaluate acute 
responses of refeeding in tambaqui 
(Colossoma macropomum), an 
omnivorous fish, with great ability in 
adjust to captive conditions, accepting 
formulated diets and also because it has 
interesting productive characteristics, 
which positions it as the most produced 
native species of continental waters in 
South America (GOMES et al. 2020; 
VALLADÃO et al., 2018). 
 
MATERIAL AND METHODS 
 
All procedures were performed at 
Laboratory of Fish Physiology and 
Metabolism of Nilton Lins University, 
under previous evaluation and approval 
of proposal by the Ethics Committee on 
the Use of Animals (CEUA - 
Registration number 003/2018) and fish 
were supplied by Institute National 
Research Institute (INPA, Manaus – 
Amazonas - Brazil). 
120 tambaqui juveniles with an average 
weight of 118.6 ± 6.1 g were used, kept 
in 12 polyethylene tanks with 310 L (10 
fish per tank) for two weeks to 
acclimatize to experimental conditions. 
All tanks were kept in a recirculation 
water system, containing aeration and 
individual biological filter, and heaters. 
After this period, three treatments were 
randomly distributed into 12 tanks, 

which are: Control, fish fed every day; 
Fasting, fasting fish throughout the 
experiment and Refeeding, fish were not 
fed for 13 days and fed on the last day. 
Regarding management, animals were 
observed daily, and water quality was 
monitored by temperature (31.2 ± 0.5 ° 
C) and dissolved oxygen (5.4 ± 0.3 mg / 
L), and food were offered until apparent 
satiety, with commercial diet (6 mm 
Presence NUTRIPISCIS® 28% of crude 
protein, 4% of lipid), twice a day (9:00 
am and 5 pm). 
 
Blood sampling and analysis 
At end of experimental period, three 
fish from each tank (n=12) were 
captured and anesthetized with 
eugenol (60 mg / L) for blood 
collection by puncturing the caudal 
vessel, then it was dispensed in two 
microtubes, one containing 
Glistab® (EDTA added with 
potassium fluoride ), which was 
centrifuged at 3000rpm for 10 
minutes (Hettich Universal 320R 
centrifuge) to obtain plasma, used to 
determine plasma glucose and 
triglyceride concentration, and 
another microtube without 
anticoagulant, to separate serum, 
used to determine cholesterol and 
serum protein, using commercial In 
Vitro test kits enzymes, following 
manufacturer's recommendations. 
 
Tissue analysis 
Fish were euthanized by brain injury 
to remove liver and used to 
determine the concentrations of 
hepatic lipid and glycogen. The 
methodologies used to obtain results 
were by MOON et al. (1989) for 
hepatic glycogen, while for lipids it 
was by BLIGH AND DYER (1959), 
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based on the extraction of the lipid 
with chloroform and methanol. 
Mesenteric fat was also weighed for 
calculation of mesenteric fat index 
(MFI) using the equation: MFI = 
Mesenteric fat weight / body weight. 
 
Statistical analysis 
The results were tested for statistical 
assumptions of normality by Cramer 
Von Mises test and homogeneity by 
Brown Forsythe test, and subjected 
to analysis of variance (ANOVA) 
and means compared by Tukey test 
when statistical significance was 
observed (P <0, 05) through 
software R. 
 
RESULTS  
 

To verify acute responses of the 
refeeding, fish were submitted to 
continuous feeding, fasting and 
refeeding and sampled after 14 days to 
evaluate blood and tissue responses of 
tambaqui juveniles. 
During experiment, mortality was not 
observed and mean values of glucose, 
plasma triglycerides and serum protein 
showed the same response pattern, with 
higher averages being observed in 
control group, which were statistically 
different of fasted fish (P <0.05). Refed 
fish presented intermediate values, but 
did not differed from fasting and control 
fish (P>0.05). Regarding cholesterol, 
there was a numerical difference, no 
statistical difference was observed, but 
the high cholesterol in fish submitted to 
fasting stands out, in relation to the feed 
(Figure 1). 

 
Figure 1. Blood glucose, triglycerides, serum protein and cholesterol in tambaqui submittes to  

fastind and refeeding. Different letters indicates statistical difference by Tukey test 
(P<0.05). 
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Regarding energy reserves of liver, 
the comparison of means shows 
reduction in concentration of 
glycogen after fasting, when 
compared to continuously fed fish, 
whereas acute refeeding exposed 
partial restoration of liver glycogen 
compared to fasting, but without 
reaching the values observed in the 
control group, differing statistically 
from both groups. Fasting fish 
showed a significant increase in 

lipid concentration in the liver, when 
compared to fish of control group. 
Refeeding provided a reduction in 
lipid levels to the same level 
observed in the continuously fed 
group (P<0.05) (Figure 2). The MFI 
of the fish in the control group (1.67 
± 0.08%) was statistically higher 
than that of the fish that were fasted 
and fed (0.41 ± 0.02% and 0.38 ± 
0.05%, respectively), which did not 
differ from each other. 

 

 
Figure 2. Liver glycogen and lipid in tambaqui submittes to fastind and refeeding. Different 

letters indicates statistical difference by Tukey test (P<0.05). 
 
DISCUSSION 
 
The reduction in blood glucose in fish 
submitted to fasting when compared to 
continuously fed fish, was not intense, 
considering the 14-day period. In the 
first moment, glycemia was maintained 
at the cost of glycogen reserves, which 
reduced until almost depleted, and in the 
second moment, gluconeogenesis 
proved to be a secondary source of 
glucose, based on the consumption of 
lipid and protein reserves, evidenced by 
the reduction in MFI, blood triglyceride 
and serum protein levels. This study is 
the first to evaluate metabolic response 
soon after one day refeeding, but fish 
showed, similar response to observed in 

Acipenser baerii (MORSHEDI et al., 
2017) and Piaractus mesopotamicus 
(FAVERO et al., 2017) submitted to 
food deprivation and refeeding, 
increased triglyceride values. 
In this study, an accumulation of hepatic 
lipid was observed in fish submitted to 
fasting, as observed in Dentex dentex 
(PÉREZ-JIMÉNEZ et al., 2012), is 
known as a liver esterification process. 
This process occurs when there is a 
portion of free fatty acids, resulting from 
hydrolysis from adipose tissue, carried 
by lipoproteins and than re-esterified and 
accumulated in liver (RODWELL et al., 
2016). Refeeding reduced lipid 
accumulation in the liver, which differed 
from fasting. And compared to the 
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control group, the lipid was almost at the 
same level. 
Reduction in serum protein 
concentration in this study was due to 
use of amino acids as an energy source, 
since glycogen reserves were 
significantly consumed. Studies show an 
important reduction in concentration of 
serum protein in blood in different 
species subjected to long periods of 
fasting (PERES et al., 2014; PÉREZ-
JIMÉNEZ et al., 2012). Already in a 
situation in which fasting is not as 
intense, there were no changes in 
accumulations of serum protein in blood 
of Acipenser baerii, as well as there was 
no such intense consumption of hepatic 
glycogen and lipid reserves that are 
totally consumed and proteolysis occurs 
(ASHOURI et al., 2013). Based on this 
information, the importance of glycogen 
as a primary source of energy during 
situations of food deprivation is evident 
(ALI et al., 2003). 
In addition to glycogen, lipid reserves 
have also been shown to be an important 
source of energy during long periods of 
fasting (HUNG et al., 1997), the 
reduction in concentration of 
triglycerides in plasma, as well as 
accumulation of lipids in the liver are 
reflections of mobilization of lipids from 
adipose tissue, muscle and liver. Similar 
responses were also observed with 
Piaractus mesopotamicus 
(TAKAHASHI et al., 2011; GIMBO et 
al., 2015; FAVERO et al., 2017) and 
Brycon amazonicus (URBINATI et al., 
2014). 
Regarding cholesterol, there were no 
significant responses, however, fasting 
promotes an increase in circulating 
cholesterol levels due to endogenous 
synthesis (BERG et al., 2002) and the 
effect of this on cholesterol 

concentrations is uneven, as studies with 
fish have different responses such as 
elevation (FAVERO et al., 2017) or 
cholesterol reduction during food 
deprivation (KIM et al., 2014), showing 
that the response of this variable is not 
only dependent on the intensity of the 
applied fast, but also it must be taken into 
account that cholesterol is a precursor to 
biomolecules, such as cortisol and 
steroid hormones (GIMBO et al., 2015). 
 
CONCLUSION 
  
Based on the results, this study showed 
14 days of fasting were not harmful to 
tambaqui juveniles, and during refeeding 
fish can quickly normalize metabolism, 
evidenced mainly by restoration of 
glycogen reserves and rapid 
mobilization of lipids in liver, after a 
single feeding. 
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