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Abstract: Fish can tolerate prolonged periods of fasting more easily than endothermic organisms. 
However, these fasting periods are associated with pronounced lipid and protein catabolism and 
body weight loss. We evaluated the use of body reserves, growth performance, and the histology of 
the intestines and muscles of Colossoma macropomum subjected to prolonged fasting for 45 days and 
refeeding for 14 days. We used 66 juvenile C. macropomum (71.78 ± 10.75 g) distributed in 10 tanks 
of 100 L in a recirculating aquaculture system (RAS) and kept 6 fish in a separate tank, considered 
the basal group. The fish were divided into two groups: fed (continuously fed for 59 days) and 
fasted/refed (subjected to fasting for 45 days and subsequently refed for 14 days). The tambaqui 
juveniles showed the mobilization of their body reserves during 45 days of fasting but with a large 
deficit in their growth performance. The 14-day refeeding period was sufficient for fish to restore 
their energy but insufficient for recovering most growth parameters.  

Keywords: blood biochemistry; fasting; growth performance; tambaqui  

Key Contribution: Juvenile tambaquis mobilize body reserves throughout a prolonged fasting 
period of 45 days but quickly recover these stores after seven days of refeeding. A 14-day refeeding 
period was insufficient to promote complete compensatory growth in tambaquis after prolonged fasting. 
 

1. Introduction 
Many species of fish can mobilize their metabolic and body reserves such as 

glycogen, lipids, and proteins during a certain period of the year and may go days or even 
months without feeding due to fluctuations in the demand for food in nature or during 
the reproduction and spawning seasons when these animals do not feed [1]. However, 
important factors such as the species and the animals’ own physiological needs can 
influence this mobilization [2]. During refeeding, fish may exhibit hyperphagia, quickly 
restore their energy needs and body composition, and achieve compensatory growth, 
corresponding to an animal’s ability to grow rapidly after having gone through a period 
of total or partial food restriction [3,4]. 

Fasting and refeeding protocols in aquaculture have been applied in several ways, e.g., 
aiming to reduce costs of food and labor while still seeking to achieve compensatory 
growth. Thus, several studies use short and/or alternating cycles of fasting (fasting 
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periods of less than 10 days) and refeeding [5–9] or longer cycles [10–12]. Long periods of 
fasting are associated with pronounced lipid and protein catabolism, and body weight 
loss may also occur [13]. 

Generally, the parameters most used in studies with fasting fish include blood and 
tissue metabolic variables and growth performance parameters, in which compensatory 
responses can be observed. In addition, histological evaluations, such as the influence of 
fasting on intestinal villi [14] and musculature [15], have also been used as a key method 
since the digestive tract is directly related to the behavioral characteristics and nutritional 
status of the fish [16], and the skeletal muscle tissue is the main part of the fish trunk, 
representing 40 to 60% of its body weight [17,18], and an important source of animal 
protein for human consumption [18]. Certain fasting situations can lead to substantial 
decreases in muscle fiber size in many fish species, such as Oreochromis niloticus [19], 
Ctenopharyngodon idellus [18], and Synechogobius hasta [20].  

The tambaqui (Colossoma macropomum) is a native fish to the Amazon and Orinoco 
basins and is widely distributed in the tropical regions of South America [21]. It is the most 
commercially produced native species in Brazil, with a production that reached 94.5 thousand 
tons in 2021 [22]. It has fast growth, hardiness, and high meat quality [23] and easily 
adapts to farming systems, with wide acceptance for consumption in Brazil and countries 
such as Colombia, Peru, and Venezuela [24,25]. In addition, the tambaqui also has a great 
ability to adjust physiologically when subjected to short periods of fasting and refeeding [6,26]. 
However, little is still known about the physiological and growth responses that this 
species presents to prolonged periods of fasting. This study aims to evaluate the use of 
body reserves, growth performance, and intestinal villi and muscle fiber histologies of C. 
macropomum juveniles subjected to prolonged fasting, followed by refeeding. 

2. Materials and Methods 
2.1. Fish and Experimental Conditions 

The experiment was carried out at the Aquaculture Laboratory (LAQUA) of the 
Veterinary School of the Federal University of Minas Gerais (UFMG), Belo Horizonte, 
Minas Gerais, Brazil, and followed the protocol approved by the Ethics Committee on 
Animal Use (CEUA, protocol 213/2020). 

Sixty-six juveniles of C. macropomum (71.78 ± 10.75 g and 15.50 ± 0.61 cm) were 
acquired from the “Biofish Aquicultura” fish farm in Porto Velho, Rondônia, Brazil. Sixty 
fish were distributed in ten 100 L tanks mounted on a water recirculation system (RAS), 
and six fish were kept in a separate 100 L tank and considered the basal group. Soon after 
arriving at the laboratory, the animals underwent a 15-day acclimatization period, 
receiving a commercial extruded diet (Laguna Onívoros Alevinos, 2.6 mm, Socil: 36% 
crude protein, 7% ether extract, 5% crude fiber, 9% mineral matter, 1–1.8% calcium, and 
1% phosphorus) twice a day (08:00 and 16:00). 

During the acclimatization and experimental periods, the water quality parameters 
were measured weekly and presented the following values: temperature (28.07 ± 1.66 °C), 
dissolved oxygen (6.32 ± 0.69 mg/L), and oxygen saturation (79.55 ± 6.75%). These values 
were measured using a digital oximeter (YSI EcoSense®—DO200A, Yellow Springs, USA), 
pH 8.24 ± 0.43 was measured using a pH meter ( KASVI®—model K39, São José dos 
Pinhais, Brazil), and the total ammonia (0.10 ± 0.12 mg/L) was measured using a 
commercial kit (Bioclin®, Belo Horizonte, Brazil). The limnological conditions of the 
experiment were in accordance with the requirements of the species in a growing 
environment [27,28]. 

2.2. Experimental Protocol 
After acclimatization and before starting the experimental period, six juveniles 

corresponding to the baseline group were used for blood collection and subsequently 
euthanized with anesthetic overdose (285 mg/L of eugenol) for tissue removal and further 
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analysis. The fish were divided into two experimental groups, with five replicates each, 
as follows: 
− Fed group: The fish were continuously fed a commercial diet (the same diet used in 

the acclimatization period) twice a day (08:00 and 16:00) until apparent satiation and 
for 59 days; 

− Fasted/Refed group: The fish were subjected to fasting for 45 days and subsequently 
refed with a commercial diet (the same diet used in the acclimatization period and 
for the fed group) twice a day (08:00 and 16:00) until apparent satiation for 14 days, 
totaling 59 experimental days. 
The experiment was carried out using a completely randomized design (DIC), two 

groups (fed and fasted/refed), and five sampling periods (15, 30, 45, 52, and 59 
experimental days, with 52 and 59 days corresponding to 7 and 14 days of refeeding, 
respectively. 

2.3. Blood Parameters and Body Indices 
Blood collections were performed at the beginning (baseline) and experimental days 

15, 30, 45, 52, and 59. In each collection, six animals from each treatment (six fish from one 
tank per group were sampled) were contained in a damp cloth, and the blood was 
removed by puncturing the caudal vein using heparinized syringes. An aliquot of whole 
blood was separated to determine the hematocrit (%), using capillaries filled with 2/3 of 
blood, centrifuged for 10 min at 10,000 rpm (Micro Spin 1000), the hematocrit read in a 
microhematocrit, using an appropriate scale, and hemoglobin concentrations, measured 
by the cyanmethemoglobin reaction method, using a commercial kit (Bioclin®). 

The remaining aliquot of blood was centrifuged for 10 min at 4000 rpm for plasma 
separation and determining glucose, triglyceride, and cholesterol concentrations, 
performed with the colorimetric method, using commercial kits (Bioclin®—Belo 
Horizonte, Brazil, accessed on www.bioclin.com.br) and spectrophotometer reading 
(Biochrom Libra S22, Cambridge, England). The total plasma protein concentrations were 
determined using a refractometer (RHC 200-ATC, Huake Instrument Co., Ltd., Zhejiang, 
China). 

After blood sampling in each collection, the same fish were euthanized in an 
anesthetic overdose solution to remove and weigh the liver and mesenteric adipose tissue 
to determine the following biometric indices: 
− Hepatosomatic index (%) = (liver weight/body weight) × 100; 
− Mesenteric fat index (%) = (visceral fat weight/body weight) × 100. 

2.4. Growth Performance 
To evaluate the growth performance parameters, six fish from each experimental 

group were carefully removed from the tanks with a net and subsequently weighed 
(Balança Marte—AD5002), and the total length (ruler) was measured at the beginning and 
at days 15, 30, 45, 52, and 59 of the experiment. During sampling, the final weight (g), 
weight gain (g), specific growth rate (%/day), condition factor (g/cm3), and feed intake 
(g/fish) were determined and calculated. Weight gain, the specific growth rate, and the 
condition factor were calculated according to the following formulas: 
− Weight gain (g) = final weight − initial weight; 
− Specific growth rate (%/day) = 100 × [(ln final weight) − (ln initial weight)/days 

between samplings]; 
− Condition factor (g/cm3) = 100 × [final weight/(final length)3]. 

2.5. Histological Analyses of the Foregut and White Muscle 
For each collection, samples were also taken from the foregut and portions of the 

white muscle from the dorsal region of each animal for later histological evaluation. The 
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samples were fixed in Bouin’s solution for 24 h. Then, they were washed in 70% alcohol 
for dehydration in an increasing alcoholic series, followed by a serial clearing of xylols, 
inclusion in histological paraffin, and sectioning to thicknesses of 2–3 µm. Three slides 
were made for each repetition. The slides were stained using the hematoxylin–eosin 
technique. The material was analyzed and photo-documented under a microscope 
(Nikon-E200 microscope). 

To determine the histochemical content of the foregut cells and structures, the slides were 
treated with periodic acid–Schiff (PAS), Alcian blue pH 2.5 (AB pH 2.5), and Alcian blue pH 
0.5 (AB pH 0.5). For the histometric analysis, the length of 10 intestinal villi and the diameter 
of 20 muscle fibers, measured by slide, were considered. Histological and histochemical slides 
and measurements were performed using the Olympus CELLSens Standard software, with 
an Olympus SC-30 camera coupled to an Olympus—BX50 microscope. 

2.6. Statistical Analysis 
The experiment was conducted in a completely randomized design. Data normality 

and variance homoscedasticity were assessed using the Shapiro–Wilk and Levene tests, 
respectively, and then submitted to a two-way ANOVA followed by the Tukey test with a 
5% probability for a comparison of the means to evaluate the experimental groups (fed 
and fasted groups) and sampling periods (0, 15, 30, 45, 52, and 59 days). All data are 
presented as the mean and the standard error of the mean (S.E.M.). All analyses were 
made using the statistical program SigmaPlot® Software, version 12.0.  

3. Results 
3.1. Hematological Parameters  

Hemoglobin concentrations (Figure 1)showed an increase after 30 days in the fasted 
group compared to the fed group (p = 0.011). However, there were no statistical differences 
for the fasted/refed group in all collection times compared to the basal group. Significant 
differences for hematocrit were found on experimental days 52 and 59, with the refed 
group showing a lower percentage compared to the control group. 

 
Figure 1. Hemoglobin (g/dL) (A) and hematocrit (%) (B) in tambaqui juveniles submitted to fasting 
for 45 days and refed for 14 days or continuously fed during 59 days of the experiment. Capital 
letters indicate differences in the fasted/refed group and fed group within the same sampling period. 
Lowercase letters compare the fasted/refed group or fed group throughout the sampling period. 
Asterisks indicate differences between each group (fasted/refed and fed groups) and the basal 
group. Values are expressed as mean ± standard error mean (SEM). All comparisons were 
statistically different at p < 0.05. 

3.2. Biochemical Parameters and Biometric Indices 
In Figure 2, there was an increase in glucose levels after 30 days of fasting in the 

fasted/refed group compared to the fed group (p = 0.031). At 45 days of fasting, there was 
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a decrease in the fasted/refed group compared to the fed (p = 0.036) and basal (p = 0.004) 
groups. However, seven days of refeeding was enough for the glucose levels of the 
fasted/refed group to be equal to the fed (p = 0.456) and basal (p = 0.523) groups. 

The triglyceride levels of the fasted/refed group decreased after 15 days of fasting (p 
< 0.011) and increased after 45 days of fasting (p = 0.004) and 7 days of refeeding (p = 0.001) 
compared to the fed group. However, these levels were equal to the fed (p = 0.149) and 
basal (p = 0.667) groups after 14 days of refeeding. 

For cholesterol, there were no significant differences between the fasted/refed and 
fed groups at 15 (p = 1.000), 45 (p = 0.154), 52 (p = 0.672), and 59 days (p = 0.549). However, 
there was an increase in cholesterol levels of the fasted/refed group after 30 days of fasting 
compared to the fed group (p = 0.040), and both fasted/refed and fed groups showed a 
decrease in cholesterol levels compared to the basal group at 59 days (p = 0.028, 
fasted/refed group and p = 0.030, fed group). For total protein, there was a significant 
decrease in levels between fasted/refed and fed groups only at 30 days (p = 0.010). At days 
15 (p < 0.001) and 30 (p = 0.004), there was a decrease in the total protein levels for the 
fasted/refed group compared to the basal group. 

There was a decrease in the hepatosomatic index in the group subjected to 15 days of 
fasting compared to the fed group (p < 0.001). However, there were no significant 
differences for both groups and collection times compared to the basal group. For the 
mesenteric fat index, the decrease in relation to the fed occurred after 30 days of fasting (p 
< 0.001) and 52 days (7 days of refeeding) (p = 0.006). At days 15 (p = 0.026) and 45 (p = 
0.003), there was an increase in the mesenteric fat index for the group subjected to fasting 
compared to the basal group. 
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Figure 2. Glucose (mg/dL) (A), triglycerides (mg/dL) (B), cholesterol (mg/dL) (C), total protein (g/dL) 
(D), hepatosomatic index (%) (E), and mesenteric fat index (%) (F) in tambaqui juveniles subjected 
to fasting for 45 days and refed for 14 days or continuously fed during the 59 days of experiment. 
Capital letters indicate differences in the fasted/refed group and fed group within the same 
sampling period. Lowercase letters compare the fasted/refed group or fed group throughout the 
sampling period. Asterisks indicate differences between each group (fasted/refed and fed groups) 
with basal. Values are expressed as mean ± standard error mean (SEM). All comparisons were 
statistically different at p < 0.05. 

3.3. Growth Performance 
No mortalities were recorded during the entire experimental period. In Figure 3, the 

final weight and weight gain of the fasted/refed group were lower at day 45 compared to 
the fed group (p < 0.001, for the final weight and weight gain), remaining lower during the 
refeeding period of 7 (52 days) (p < 0.001, for final weight and weight gain) and 14 days (p 
= 0.030, for final weight and weight gain) (59 experimental days).  
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It was observed that the fed group showed greater final weight and length throughout 
the experimental period when compared to the basal group, with the exception only at 15 days 
(p = 0.121 for final weight and p = 0.104 for final length). The fasted/refed group showed 
greater weight at the end of the 14-day refeeding period (59 experimental days) (p = 0.031) 
and greater length at 30 days (p = 0.042) when compared to the basal group. 

The final length decreased after 30 days of fasting (p = 0.035) in relation to the fed 
group, remaining smaller until the end of the experimental period.  

The specific growth rate was significantly lower after 15 (p < 0.001) and 45 (p < 0.001) 
days of fasting compared to the fed group. The refeeding period did not show significant 
differences between the groups (p > 0.05). 

Compared to the fed group, the fasting group showed a significant reduction in the 
condition factor after 15 (p < 0.001) and 45 (p < 0.001) days, but no statistical differences 
were observed after the refeeding period. It is also observed that the condition factor was 
higher for the fasted/refed group at the end of the 14-day refeeding period (p = 0.013) 
compared to the basal group. Regarding feed intake, the group subjected to fasting did 
not statistically differ from the fed group after 14 days of refeeding (59 experimental days). 

 
Figure 3. Final weight (g) (A), final length (cm) (B), weight gain (g) (C), specific growth rate (%/day) 
(D), condition factor (g/cm3) (E), and feed intake (g/fish) (F) in tambaqui juveniles subjected to 
fasting for 45 days and refed for 14 days or continuously fed during 59 days of the experiment. 
Capital letters indicate differences in the fasted/refed group and fed group within the same 
sampling period. Lowercase letters compare the fasted/refed group or fed group throughout the 
sampling period. Asterisks marked in Figure (A,B,E) indicate differences between each group 
(fasted/refed and fed groups) with basal. Values are expressed as mean ± standard error mean 
(SEM). All comparisons were statistically different at p < 0.05. 
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3.4. Histological Parameters of the Foregut and White Muscle  
Histologically, no morphological alterations were observed in the foregut, as well as 

in the muscular organization of the animals submitted to fasting and subsequently refed 
compared to the fed group. The intestinal mucosa in both groups showed a simple 
prismatic epithelium with a brush border and goblet cells. 

Regarding the length of intestinal villi (Figure 4), there was a decrease after 30 (p = 0.022) 
and 45 days (p < 0.0001) of fasting and 7 days of refeeding (52 days) (p = 0.040) compared to 
the fed group, but there were no significant differences present in the other collection times. 

 
Figure 4. Villi length (in micrometers, µm) in the foregut of tambaqui juveniles submitted to fasting 
for 45 days and refed for 14 days or continuously fed for 59 days of the experiment. The asterisks 
represent p < 0.05 (*) and p < 0.0001 (****). 

Histochemical analysis of the foregut samples (Figure 5) also showed no difference 
in labeling between the fasted/refed and fed groups. However, positive stainings for PAS, 
AB pH 0.5, and AB pH 2.5 were observed in the goblet cells, indicating the presence of 
glycogen, neutral glycoproteins, sialomucins (PAS), sulfated glycoconjugates (AB pH 0.5), 
carboxylate acids, and sulfated glycoconjugates, including sialomucins (AB pH 2.5). 
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Figure 5. Histochemical reactions in foregut samples of tambaquis. (A,C,E) represent cross-sections 
of villi from control fish (continuously fed); (B,D,F) represent cross-sections of fasting fish; (A,B) 
positive staining for periodic acid–Schiff (PAS) in goblet cells; (C,D) positive staining for Alcian Blue 
(AB) in pH 0.5 in goblet cells; (E,F) = positive staining for Alcian Blue (A,B) in pH 2.5 in goblet cells. 

Regarding muscle fiber thickness (Figure 6), lower values were observed after 15 (p < 
0.05), 30 (p < 0.001), and 45 (p < 0.005) days of fasting compared to the fed group. However, 
no significant differences were observed between groups during the refeeding period 
(after 52 and 59 experimental days) (p > 0.05). 

 
Figure 6. Muscle fiber thickness (in micrometers, µm) of tambaqui juveniles submitted to fasting for 
45 days and refed for 14 days or continuously fed for 59 days of the experiment. The asterisks 
represent p < 0.05 (*) and p < 0.01 (**). 
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4. Discussion 
Hematological parameters are important indicators that can indicate the health 

conditions of animals [29] and are used to measure the ability to transport oxygen through 
the bloodstream in stressful situations, such as long fasting periods. 

Hemoglobin and hematocrit did not show significant changes during the fasting 
period, with the only exception being hemoglobin at 30 days, in which there was a slight 
increase in its concentration for the fasted group compared to the fed group. However, for 
both parameters, the 45-day fasting period was not enough to promote major changes in 
these parameters since the values found in our study are like those found in other studies 
on the same species [6,26,30]. 

Glucose levels showed an increase after 30 days and subsequently a decrease 
between 30 and 45 days of fasting compared to the fed group. Glucose is the most 
important metabolite for providing energy to cells, and during periods of fasting, its 
demand can be readily met through the breakdown of liver glycogen (glycogenolysis) to 
regulate blood glucose homeostasis [31–33]. Although liver glycogen was not evaluated 
in the present study, we observed that the hepatosomatic index decreased after 15 days of 
fasting compared to the fed group, which may indicate that there was a breakdown of 
glycogen to maintain the blood glucose levels between 15 and 30 days of fasting. Liver 
glycogen can provide glucose for a limited time during food deprivation, which would 
appear to be less than two weeks without food for fish such as sunshine bass (Morone 
chrysops × Morone saxatilis) [34]. 

It is important to highlight that the hepatosomatic index is a good indicator of energy 
reserve use, such as glycogen and lipids in fish [35]. However, in this study, we observed 
that the possible breakdown of hepatic glycogen at 15 days was insufficient to maintain 
glucose levels throughout the fasting period, as there was a decrease in glucose levels 
between days 30 and 45 compared to the fed and basal groups.  

During fasting periods, it is common to observe lipogenesis inhibition and lipolysis and 
β-oxidation stimulations of fatty acids from the fat reserves of mesenteric adipose tissue, liver, 
and muscle [1,8,36], such as in the maintaining of the triglyceride levels in the blood. In our 
study, it was observed that the decrease in the mesenteric fat index after 30 days of fasting was 
not enough to increase triglyceride levels. However, after seven days of refeeding, there was 
an increase comparable to the fed group, which may reflect the use of mesenteric fat reserves 
during this period, as well as the availability of lipids from the diet.  

Cholesterol is a key factor during fasting, as it is a source of energy and a precursor 
in stress hormone synthesis, which can promote gluconeogenesis or help combat stressful 
conditions and thus prolong the longevity of fish [37]. We did not observe major changes 
in plasma cholesterol concentrations throughout the entire fasting and refeeding period, 
similar, for example, to studies with the species Acipenser baerii [38] and Oreochromis 
niloticus [19] subjected to different fasting and refeeding methods.  

It is also interesting to note that a long fasting period of 45 days did not promote 
significant changes in the total protein levels in tambaqui juveniles, except for 30 days of 
fasting, compared to the fed and basal groups. Although there was a decrease in the total 
protein levels after 30 days of fasting, refeeding promoted a general recovery of these 
stores compared to the fed group. 

The prolonged fasting period of 45 days resulted in a general decrease in growth 
performance, such as the reduction in final length from day 30, as well as the reduction in 
final weight, weight gain, and specific growth rate after 45 days of fasting. These responses 
corroborate other studies that also used long fasting periods for other fish species [39–42]. 
Furthermore, the 14-day refeeding period promoted greater final weight in the 
fasted/refed group when compared to the basal group, but this period was not enough for 
this group to reach the weight, length, and weight gain of the fed group. 

The final length of the fed group showed little variation throughout the entire 
experimental period, as did the fasted/refed group, in which no change was observed even 
after refeeding. It is important to highlight that the tambaqui, in addition to species such 
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as the pacu (Piaractus mesopotamicus), pirapitinga (Piaractus brachypomus), and their 
hybrids, are called round-shaped fish [43], as they have a rounded body shape. Therefore, 
measurements such as body height should also be taken into consideration to monitor the 
growth of these animals in captivity.  

In a study on the interrelationships between morphometric variables and body 
performance in round fish, [44] found a high correlation (0.83) between body height and 
weight. Although we did not measure the body height of the tambaquis in the present 
study, this is a measurement that should be incorporated into future studies, which could 
provide better responses to the growth of these animals, such as under conditions of 
fasting and refeeding, for example. 

It was also observed that at days 15 and 45 of fasting, there was a decrease in the condition 
factor compared to the fed group. The condition factor is an important indicator of the 
physiological state and health of fish [45,46] and has been evaluated in several studies using 
different feeding regimes [46–49] to explain energy reserve use by fish. Despite this decrease 
during the fasting period, the condition factor increased after refeeding, reaching values 
similar to the fed and basal groups, which corroborates other studies [50–52].  

In the present study, the decrease in the hepatosomatic (at 15 days of fasting) and 
mesenteric fat (at 30 days of fasting) indices can be correlated with the decrease in the 
condition factor after 15 and 45 days for the fasting group compared to the fed group. 
Furthermore, despite observing condition factor recovery during the refeeding period (52 and 
59 days), the weight and final length of the fish were not restored. Paralichthys olivaceus 
juveniles showed a decrease in body weight, as well as in the condition factor and 
hepatosomatic index after fasting [48], and the authors explained that this decrease 
resulted from using body energy necessary for basal metabolism and maintenance for 
survival even during fasting. 

It was observed that, at the end of the 14-day refeeding period, the fasting group 
showed similar feed intake to fed fish, but this period was not enough for these animals 
to obtain complete compensatory growth, which corresponds to situations in which 
animals subjected to food deprivation can reach the same size, at the same age, as 
continuously fed animals [3].  

Regarding the histological parameters, a reduction was observed in the length of the 
foregut villi after 30 and 45 days of fasting and after seven days of refeeding, similar to 
the results of other studies [53,54]. Intestinal villi are used as measures to assess the 
integrity of the mucosa, demonstrating the digestive and nutrient absorption capacity of 
fish [16]. In a study with juveniles of Rhamdia quelen, the authors observed that the 
epithelial area of the foregut of fish subjected to 30 days of fasting reduced by up to 70%, 
accompanied by a reduction of 15% in body weight [55]. Likewise, it is important to note 
in our study that the reduction in intestinal villi during fasting also promoted a reduction 
in the final weight and weight gain of fish after 45 days of fasting and in the final length 
of fish after 30 days of fasting. We also observed that even with the recovery in the villi 
length after 14 days of refeeding being like the fed group, these growth parameters 
remained low. 

The morphological changes in the intestinal villi due to prolonged fasting were not 
accompanied by histochemical changes, as positive stainings for PAS, AB pH 0.5, and AB 
pH 2.5 were observed in the goblet cells of the intestines of both fasting and fed groups. 
These colors are related to the presence of glycogen, neutral glycoproteins and 
sialomucins (PAS), sulfated glycoconjugates (AB pH 0.5), carboxylate acids, and sulfated 
glycoconjugates, including sialomucins (AB pH 2.5), which are mucosubstances involved 
in processes such as lubrication, physical protection against pathogen invasion, and 
changes in the viscosity of the intestinal mucosa [56,57]. 

Our study also evaluated the impact of fasting on the thickness of muscle fibers in 
tambaqui juveniles, which showed a decrease in all fasting periods (15, 30, and 45 days) 
compared to the fed group but recovered after 14 refeeding days. However, despite this 
recovery in fiber thickness during refeeding, this period was insufficient for the fish to 
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reach the same growth pattern as fed fish. In a study on O. niloticus juveniles, the authors 
reported muscle fiber atrophy in animals subjected to short fasting periods (5 or 10 days), 
characterized by changes in genes related to muscle growth (MyoD, myogenin, and 
myostatin). However, unlike the present study, a 10-week refeeding period promoted 
compensatory mass gain for this species [19]. 

5. Conclusions 
Overall, 45 days of fasting allowed tambaqui juveniles to survive and mobilize part 

of their body reserves but with a large deficit in growth performance. The 14-day 
refeeding period was sufficient for these animals to restore their body needs but not 
enough to recover most growth parameters. 
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