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ABSTRACT
Vitamin C supplementation is important for the growth and development of bullfrog tadpoles under optimum water 
temperature conditions. Therefore, an experiment was carried out to evaluate the effects of vitamin C supplementation on 
the diet of bullfrog tadpoles at a low temperature. A total of 480 tadpoles with a mean weight of 0.078 g were distributed 
in 12 aquariums each containing 40 L of water in a closed water recirculation system. The experimental design was 
entirely randomized with four treatments (0, 150, 300, and 600 mg kg-1 of L-ascorbic acid monophosphate) and three 
replicates. The productive performance was measured by the weight gain, feed conversion, diet consumption, protein 
efficiency, carcass yield, hepatosomatic index, viscerosomatic index, visceral fat index, dry matter, and ethereal carcass 
extract. The water temperature during the experimental period was 21.74 ± 0.43 °C. Vitamin C supplementation did not 
influence carcass yield and viscerosomatic index. However, there was a quadratic effect of vitamin C supplementation 
on the weight gain, apparent feed conversion, protein efficiency, visceral fat index, hepatosomatic index, and ethereal 
carcass extract. Based on these results, bullfrog tadpoles should be supplemented with 600 mg vitamin C kg-1 of the diet 
when subjected to water temperatures of around 22 °C.
Keywords: Ascorbic acid. Zootechnical performance. Lithobates catesbeianus. Nutrition.

RESUMO
A suplementação de vitamina C é importante para o crescimento e desenvolvimento de girinos de rã-touro sob condições 
ótimas de temperatura da água. Desta forma, foi realizado um experimento para avaliar o efeito da suplementação de 
vitamina C sobre a dieta de girinos de rã-touro em baixa temperatura. O experimento foi realizado com 480 girinos 
com peso médio de 0,078g, distribuídos em 12 aquários com 40L de água em sistema fechado de recirculação de água. 
O delineamento experimental foi inteiramente casualizado, com quatro tratamentos (0, 150, 300 e 600 mg kg-1 de 
monofosfato de ácido L-ascórbico) e três repetições. O desempenho produtivo foi avaliado por meio de ganho de peso, 
conversão alimentar, consumo de ração, eficiência proteica, rendimento de carcaça, índice hepatossomático, índice 
viscerossomático, índice de gordura visceral, matéria seca e extrato etéreo de carcaça. A temperatura da água durante o 
período experimental foi de 21,74 ± 0,43 °C. A suplementação com vitamina C não influenciou o rendimento de carcaça 
e o índice viscerossomático. No entanto, houve efeito quadrático da suplementação com vitamina C sobre o ganho de 
peso, a conversão alimentar aparente, a eficiência protéica, o índice de gordura visceral, o índice hepatossomático e o 
extrato etéreo de carcaça. Com base nos resultados do presente estudo, os girinos de rã-touro devem ser suplementados 
com 600 mg vitamina C kg-1 da dieta quando submetidos em temperaturas médias de 22 °C.
Palavras-chave: Ácido ascórbico. Desempenho zootécnico. Lithobates catesbeianus. Nutrição.
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Introduction
The high productivity and nutritional quality of the 

bullfrog carcass, Lithobates catesbeianus, are contributing 
factors for the development of this productive sector. However, 
the sector still presents a scarcity of technical management 
information, mainly during the tadpole development phase, 
because during this phase the production of quality and 
quantity froglets is determined for the fattening phase (Castro 
& Pinto, 2000; Hayashi et al., 2004; Pahor-Filho et al., 2019).

As an ectothermal animal, tadpoles kept under a high 
interval of thermal discomfort do not develop (Knoop et al., 
2015; Godome  et  al., 2018), as this parameter directly 
influences food consumption caused by thermal stress, 
compromising the healthy development of these animals 
(Braga & Lima, 2001). This can be confirmed in the study 
by Hoffmann et al. (1988), which observed that the tadpoles 
presented higher biomass and less time to complete 
metamorphosis when kept at elevated temperatures, with 
the ideal temperature around 25 ºC.

Several studies have demonstrated the benefits of vitamin 
supplementations to the diet of aquatic organisms, with 
emphasis on ascorbic acid, aiming at the improvement 
of zootechnical performance indices (Zhou et al., 2012; 
Gao et al., 2014; Castillo & Parra, 2019).

In fish, the absence of or inactivity of the enzyme 
L-gulonolactone oxidase, which catalyzes the ultimate 
reaction of ascorbic acid synthesis from glucose, induces 
skeletal and opercular deformities mainly in the early stages 
(Neu  et  al., 2010; Zhou  et  al. al., 2012), exophthalmia, 
anemia, lethargy, increased mortality rate, and increased 
negative stress effects (Rotta, 2003).

Amphibians, unlike fish, have the ascorbic acid synthesis 
enzyme. However, the amount of vitamin C synthesized is 
insufficient to maintain the physiological functions and, 

therefore, dietary supplementation is necessary when in 
intensive production systems, since natural food is restricted 
(Drouin et al., 2011).

According to Lim & Lovell (1978), minute amounts of 
vitamin C meet the physiological needs of the species, although 
high concentrations are required for higher responses to 
disease resistance and tolerance to environmental stress.

Ascorbic acid deficiency in tadpoles has been observed 
by an increased mortality rate and deformations in the 
tail structure (Leibovitz  et  al., 1982). According to the 
study by De Stéfani et al. (2001), the tadpole survival rate 
was significantly higher in the group supplemented with 
500 mg vitamin C kg-1 (62.83%), compared to the control 
group (40.48%).

Considering these factors, this study objective was to 
evaluate the effects of supplementation of dietary vitamin 
C levels on the growth and performance of bullfrog tadpoles, 
Lithobates catesbeianus, submitted to low temperatures.

Material and methods
The experiment was performed at the Aquaculture 

Laboratory of the University of Brasília for 60 days, and 
480 bullfrog tadpoles (Lithobates catesbeianus) were used 
in stage 25 of Gosner’s simplified table (Gosner, 1960), bred 
from the same spawning, with an initial average weight 
of 0.078g (precision scale of 0.0001). The tadpoles were 
distributed in 12 aquariums with 40L of water, in the density 
of 1 tadpole/L of water, in a closed water recirculation 
system. Each aquarium was considered an experimental 
unit, totaling 12 experimental units. The experiment was 
carried out according to Martins et al. (2016).

Commercial diets for Nile tilapia (Oreochomis niloticus) 
with 32% CP were used and 3 levels of vitamin C (L-ascorbic 
acid monophosphate) supplementation were tested, 
T1 - control ration (CR), T2 - RC + 150 mg vitamin C kg-1, 
T3-CR + 300 mg vitamin C kg-1, and T4 – CR + 600mg 
vitamin C kg-1, with three replicates, following a completely 
randomized design. The feed was ground and then 
incorporated with vitamin C according to each treatment.

The total daily diet was divided into four meals (8:00 am, 
11:00 am, 2:00 pm, and 5:00 pm). The food was ground 
and stored under refrigeration at 4 °C. Biometrics of a 
portion of each repetition was performed every four days, 
to adjust the food supplied to 5% of live weight. Vitamin C 
was incorporated into the diet with the premix.

The water temperature was monitored daily (8 am and 
5 pm) throughout the experimentation period. At the end of the 
experimentation period, the animals from each experimental 
unit were counted, weighed, and measured individually. The 
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total length (head to tail end) and partial length (head to tail 
insertion) were recorded using a pachymeter. The weight of 
each tadpole was recorded in an analytical balance.

The digestive system was dissected and separated into a 
digestive tube, liver, and visceral fat, which were weighed on 
an analytical balance (Figure 1 and 2) for later calculation 
of the viscerosomal index (VI), hepatosomatic index (HI), 
and visceral fat index (VFI), where: HI = (WL ÷ PF) x 100; 
IVS = (Wvis. ÷ PF) x 100; VFI = (WG ÷ PF) x 100 where; 
WL = liver weight; WF = final weight; Wvisc. = weight of 
the viscera; WVF = weight of visceral fat.

To determine the zootechnical performance, weight 
gain (WG), apparent feed consumption (CRA), apparent 
feed conversion (CAA), and carcass yield (CY) were 
analyzed: WG (g) = FW - PI CAA = CRA ÷ WG CY 
(%) = [(CCW x 100) ÷ PF)] where, PI = initial weight; 
CCW = clean carcass weight. To evaluate the carcass quality, 
dry matter (CDM) and ether extract (CEE) of the tadpole’s 
carcass was analyzed. To assess the efficiency of protein 
utilization by tadpoles, the protein rate and efficiency (PER) 
were calculated: PER = (WG ÷ protein ingested) x 100.

The gain in weight (GP), apparent feed intake (AFI), apparent 
feed conversion (AFC), and carcass yield (CY) were analyzed 
for the determination of the zootechnical performance. The 
protein efficiency rate (PER), dry matter (CDM), and ethereal 
extract (CEE) of tadpoles carcass were also analyzed.

The data were submitted to analysis of variance, at 5% of 
significance, and later adjusted to a polynomial regression 
equation by the SAS Institute (2008) program.

Results
The mean temperature observed over the experimental 

period was 21.74 ± 0.43 °C. We observed that the increase 
in vitamin C supplementation levels increased the total 
and partial length (Table  1), respectively. The values of 

final weight and weight gain varied in a quadratic form 
(Table 1) up to 175 mg VitC kg-1 diet. However, the level 
that presented maximum value for apparent feed conversion 
was 370 mg VitC kg-1 diet (Table 1).

The scatter plot of the averages of treatments and the 
polynomial regression equation for protein efficiency 
ratio is shown in Table 1. Quadratic effect (p <0.05) of the 
vitamin C supplementation was observed for the protein 
efficiency rate, with an optimal inclusion level observed of 
272.5 mg kg-1 of vitamin C to the diet.

The levels of vitamin C did not influence (p> 0.05) 
the viscerosomatic index and carcass yield. There was a 
quadratic effect of vitamin C supplementation (p <0.05) 
on the liver weight and viscera weight.

Figure 1 – Tadpole of L. catesbeianus showing the total (TL) 
and partial (LP) length.

Figure 2 – Visceral exposure of L. catesbeianus tadpole for later 
evisceration.

Table 1 – Final weight (FW), total length (TL), partial length (PL), weight gain (WG), apparent feed intake (AFI), and apparent feed 
conversion (AFC) Protein efficiency rate (PER) of frog tadpoles -trout fed different levels of vitamin C supplementation 
to the diet.

Vitamin C mg kg-1

C.V.(%)1

0 150 300 600
FW (g)2 0.76±0.07 0.70±0.03 0.67±0.08 0.88±0.08 0.76*
TL (cm)3 4.06±0.12 3.86±0.06 3.77±0.12 4.18±0.14 4.70*
PL (cm)4 1.37±0.09 1.34±0.06 1.31±0.11 1.44±0.06 4.08*
AFI (g) 2.84±0.00 2.89±0.00 2.83±0.00 3.43±0.00 9.64

WG (g)5 0.68±0.07 0.63±0.03 0.60±0.08 0.80±0.08 13.61*
AFC (g/g)6 4.31±0.50 4.78±0.32 5.59±0.26 4.42±0.42 12.08*
PER (%)7 81.67±5.23 78.02±4.41 62.78±6.17 84.10±3.72 12.49*

Values in mean ± standard error; * p <0.05 1 Coefficient of variation; 2 Quadratic effect FW-Y = 2E-06x2 - 0.0007x + 0.7669, R2 = 0.9848; 3 
Quadratic effect TL-Y = 4E-06x2 - 0.0021x + 4.0695, R2 = 0.9964; 4 Quadratic effect PL-Y = 9E-07x2 – 0.0005x + 1.3747, R2 = 0.9371; 5 Quadratic 
effect WG – Y = 2E-06x2 – 0.0007x + 0.6889, R2 = 0.9848; 6 Quadratic effect AFC– Y = -1E-05x2 + 0.0074x + 4.2083, R2 = 0.87; 7 Quadratic effect 
PER – Y = 0.0002x2 – 0.109x + 8.4028, R2 = 0.7523.
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The dispersion plots of the averages of the treatments 
and the polynomial regression equations for hepatosomatic 
index and visceral fat index, respectively, are presented in 
Table 2. The derivation of the polynomial equation showed 
that, from the 100 mg VitC kg-1 diet, the hepatosomatic index 
presented exponential growth. In contrast, the visceral fat 
index decreased from 285 mg VitC kg-1 diet.

The polynomial regression curve for ethereal extract 
(Table 2) presented exponential growth up to 285 mg vitamin 
C kg-1 diet, with a lower content of ethereal extract observed 
for the treatment with the 600 mg vitamin C kg-1 diet.

Discussion
According to Hoffmann et al. (1988), the thermal comfort 

zone of L. catesbeianus tadpoles are temperatures close to 
25ºC, since it is at this temperature that they observed the 
best results of zootechnical performance.

Temperature is one of the most important environmental 
variables in aquaculture because it changes the balance between 
the synthesis and the degradation of biological structures 
and changes the metabolic requirements (Harpaz, 2005).

In the present study, the low temperature did not compromise 
the development and growth of the tadpoles, probably in response 
to the increasing levels of vitamin C, which contributed to their 
satisfactory performance. Such observation can be corroborated 
with studies by Kitabchi (1967) and Dabrowski et al. (1994), 
who stated that ascorbic acid is a cofactor in the biosynthesis 
of steroid hormones. According to these studies, the increase 
in the availability of ascorbic acid can prevent the severity of 
the stress response in fish, reflecting on the improvement of 
the animal’s development.

Falcon et al. (2008) observed that Nile tilapia exposed 
to a temperature of 15 ºC showed an improvement in 
the immune system when supplemented with vitamin C. 

Chen et al. (2002) observed that tilapias exposed to low 
temperatures presented high levels of serum cortisol.

The results of the present study indicated that 
supplementation of 600 mg vitamin C kg-1 of ration 
resulted in higher apparent feed intake and lower apparent 
feed conversion, reflecting higher weight gain and better 
protein efficiency. Probably the greater resistance to stress 
with higher levels of ascorbic acid has contributed to the 
improvement in performance.

The values of final weight and weight gain varied in a 
quadratic form up to 175 mg VitC kg-1 diet. However, the 
level that presented the best quadratic value for apparent 
feed conversion was 370 mg vitamin C kg-1 diet. Similar 
results were found by Navarro et al. (2010), who observed 
an improvement in the growth of Nile tilapia fingerlings 
supplemented with increasing levels of vitamin C (0, 50, 
100, 150, and 200 mg kg-1). Studying the effect of vitamin 
C supplementation on the diet of bullfrog tadpoles, 
Colombano et al. (2007) found that 2,000 mg vitamin C 
kg-1 improved weight gain and tadpole survival.

These results suggest that vitamin C acts in the formation 
of collagen, improving zootechnical performance. According 
to Rotta (2003), ascorbic acid directly influences fish growth 
because it plays an important role in the formation of collagen, 
which is the main component of the skeleton. According 
to Soliman et al. (1986), Nile tilapia supplemented with 
vitamin C displayed higher growth than animals fed without 
vitamin C supplementation. The authors concluded that 
ascorbic acid deficiency reduces thyroid uptake of iodine 
by increasing the plasma concentration of this mineral, 
suggesting thyroid hypoactivity. Thus, growth retardation 
can be attributed to the reduction in plasma levels of thyroid 
hormones that regulate growth.

Contrary to the results of the present study, De Stéfani et al. 
(2001) did not observe differences in tadpoles growth of 

Table 2 – Liver weight (LW), Fat weight (FW), Weight of viscera (Wvisc), Hepatosomatic index (HSI), Visceral fat index (VFI), 
Viscerosomal index (VSI), Carcass yield (CY), and Dry matter (CDM) carcass composition and ethereal extract (CEE) 
(Mean values ± standard error) of bullfrog tadpoles fed different levels of dietary vitamin C supplementation.

Vitamin C mg kg-1

C.V. (%)1

0 150 300 600
LW (g)2 0.05±0.01 0.04±0.01 0.04±0.00 0.05±0.01 18.02
FW (g)* 0.02±0.0 0.02±0.0 0.02±0.0 0.02±0.00 15.15

Wvisc (g)3 0.12±0.00 0.11±0.01 0.13±0.01 0.15±0.02 13.09
HSI (%)4 5.56±1.20 5.65±1.13 5.66±0.07 5.90±1.42 4.12
VFI (%)5 1.86±0.53 2.69±0.43 2.62±0.32 1.76±0.16 21.84
VSI (%)* 15.27±0.56 13.36±1.24 19.31±0.7 14.82±2.02 16.22
CY (%)* 83.24±0.49 84.95±1.47 78.45±0.7 83.40±2.16 3.41

CDM (%) 11.47±0.06 10.21±1.33 8.79±1.26 10.20±1.22 10.74
CEE (%)6 3.61±0.39 4.7±0.58 5.9±0.26 2.4±0.09 30.49

1 Coefficient of variation; 2 Quadratic effect Pfig - Y = 1E-07x2 - 7E-05x + 0.048, R2 = 0.8735; 3 Quadratic effect PVisc-Y = 2E-07x2-6E-05x + 
0.1217, R2 = 0.8632; 4 Quadratic effect IHS-Y = 2E-06x2 - 0.0004x + 5.5031, R 2 = 0.7827; 5 Quadratic effect IGV-Y = -1E-05x2 + 0.0057x + 
1.9141, R2 = 0.9498; 6 Quadratic effect EE-Y = -3E-05x2 + 0.0159x + 3.4505, R2 = 0.8177, * Not significant (P> 0.05).
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tadpoles fed with ration supplemented with 50, 250, and 
500 mg vitamin C kg-1. Knoop et al. (2015) also did not 
verify the influence of vitamin C supplementation for post-
metamorphosed bullfrogs. Probably the synthesis of ascorbic 
acid by frogs has been sufficient to meet their requirements.

It was observed that supplementation with 272.5 mg 
vitamin C kg-1 to the diet would be more adjusted to the 
requirements of the animals, providing greater efficiency in 
the use of the protein consumed for weight gain. According 
to Wilson, part of the ingested protein is used for energy 
production, so the values of protein efficiency may be a 
good indication that dietary protein was used for growth.

Lipids are the main source of energy reserve for animals 
and are usually stored in the liver, adipose tissue, or muscle, 
and are mobilized in response to the energy needs demanded 
by the process of growth, maintenance, and reproduction 
(Moreira et al., 2000). Thus, it is expected that the increase 
in the hepatic index reflects the assimilation of energy 
reserves by the animals (Agostinho et al., 1990).

Vitamin C is involved in energy metabolism because 
it participates in the synthesis of carnitine (Rotta, 2003), 
responsible for the transport of fatty acids from the cytoplasm 
to the mitochondrial matrix for β-oxidation of fatty acids. 
Thus, it can be inferred that high levels of vitamin C promote 
an increase in carnitine synthesis, reducing visceral fat 
deposition, and increasing liver activity. According to the 
study by Harpaz (2005), vitamin C deficiency may reduce 
carnitine levels. According to Lohninger et al. (1987), one 
of the first symptoms of vitamin C deficiency is related to 
the decrease in the carnitine synthesis, in which the animals 
present a state of fatigue.

In the present study, the analysis of the ether extract of 
housing and visceral fat index of tadpoles showed lower 
values at higher levels of vitamin C. This fact may be related 
to the increased use of lipids for energy production from the 
carnitine synthesis. According to Harpaz (2005), carnitine 
acts as a growth promoter by potentiating the use of dietary 
fats, conferring a protein-sparing effect.

Fish subjected to low temperatures can increase the 
mitochondrial volume (Cordiner & Egginton, 1997) and 
the activity of certain mitochondrial enzymes such as citrate 
synthase and carnitine palmitoyltransferase (St-Pierre et al., 
1998). Guderley & Johnston (1996) studied the impact of 
thermal acclimation in Myoxocephalus Scorpius submitted 
to experimental temperature (2.5, 7.5, 12.5, and 20 °C) and 
observed that the activity of carnitine palmitoyltransferase 
enzyme increased by 42% in animals that underwent thermal 
stress. The authors observed that the increase of the enzymatic 
activity provided a better use of the fatty acids and glucose for 
energy production, therefore showing an adaptation to the 
low temperatures. Carnitine esters protect nerve cells from 
stress and deterioration, as they have antioxidant properties 
(Sinatra & Sinatra, 1999). Products such as vitamin complex 
have high added values, so their use should be evaluated in 
terms of the cost-benefit in animal production.

Conclusion
The results obtained in this study suggest that vitamin C 

supplementation in the diet for bullfrog tadpoles improves 
the zootechnical performance and that 600 mg VitC kg-1 
is the optimal value.
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