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1. Introduction
Industrialized diets are the main source of

nutrients for fish, comprising up to 40-60% of the total
cost of intensive tilapia production (1). Thus, adequate feed
management is essential to ensure economic and
environmental sustainability of aquaculture (2, 3). Usually,
fish farmers feed the early stages of Nile tilapia daily to
meet higher growth rates due to the higher nutritional
requirements in this phase (4). However, warm-water fish
show lower feed intake and feed efficiency when water
temperatures are below the range of optimal growth.

Therefore, in regions where seasonality influences water
temperature, specific feeding strategies may be necessary
to improve the efficiency of Nile tilapia production
systems.

In this context, feeding strategies based on periods
of feed restriction and refeeding to stimulate
compensatory growth responses have been previously
evaluated for different species of aquatic organisms (5, 6, 7,

8, 9). However, compensatory growth responses in fish are
not necessarily achieved after a period of complete and
severe feeding restriction. In fact, the nutritional profile of
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Abstract
The evaluation of feeding strategies is necessary to ensure the sustainability of aquaculture. This study assessed the effect
of two diets with different E:P ratios (9.6 and 10.3 kcal of digestible energy per gram of crude protein) on Nile tilapia
juveniles. The growth, feed and nutrient use, economic parameters, whole-body composition, and liver steatosis of fish were
evaluated. There was no significant effect of treatments on the growth, feed intake, feed conversion ratio, uniformity, and
survival of the fish. The lower feed cost (P>0.05) per biomass or 1000 units produced was registered in Nile tilapia juveniles
fed with 10.3 kcal DE/g CP diet for seven days. The contribution of ether extract in fish weight gain was reduced (P=0.055)
by the increased use of the 10.3 kcal DE/g CP diet in the feeding strategies. The same trend was observed in fish whole-body
lipid levels. Body indexes were similar (P>0.05) among fish from the different treatments. Mixing diets with different E:P
ratios in a weekly feeding protocol does not impair productive performance of Nile tilapia juveniles. However, considering
the cost of feeding, the recommendation is to supply a diet with 33% CP and 3.4 kcal/DE for seven days per week.
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Resumo
A avaliação das estratégias de alimentação é necessária para garantir a sustentabilidade da aquicultura. Este estudo avaliou
o efeito de duas dietas com diferentes proporções de E:P (9,6 e 10,3 kcal de energia digestível por grama de proteína bruta)
para juvenis de tilápia do Nilo. Foram avaliados o crescimento, uso da dieta e nutrientes, parâmetros econômicos,
composição corporal e esteatose hepática de peixes. Não houve efeito significativo dos tratamentos sobre o crescimento,
consumo de ração, conversão alimentar, uniformidade e sobrevivência dos peixes. O menor custo de ração (P>0,05) por
biomassa ou 1000 unidades produzidas foi registrado nos juvenis de tilápia do Nilo alimentados com a dieta 10,3 kcal DE/g
PB por sete dias. A contribuição do extrato etéreo no ganho de peso dos peixes foi reduzida (P=0,055) pela maior utilização
da dieta 10,3 kcal DE/g PB nas estratégias de alimentação utilizadas. A mesma tendência foi observada nos níveis de lipídios
corporais em peixes. Os índices corporais foram semelhantes (P>0,05) entre os peixes dos diferentes tratamentos. A mistura
de dietas com diferentes relações E:P em um protocolo de alimentação semanal não prejudica o desempenho produtivo de
juvenis de tilápia do Nilo. No entanto, considerando os custos de alimentação, a recomendação é fornecer uma dieta com
33% PB e 3,4 kcal/DE por sete dias por semana.
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the diets can regulate the compensatory response in fish,
as previously observed in juveniles of olive flounder
(Paralichthys olivaceus) (10), channel catfish (Ictalurus
punctatus) (11), common carp (Cyprinus carpio) (12) and
yellow catfish (Pelteobagrus fulvidraco) (13) due to
changes in dietary energy:protein ratio (E:P). The E:P is a
relevant factor for the manufacture of sustainable
aquafeeds, since high E:P ratios can reduce fish feed
intake, limiting the amount of nutrients available to meet
their nutritional requirements. On the other hand, lower
E:P ratios increase the use of catabolized protein for
energy purposes, and increase nitrogen excretion, which
negatively affects the water quality (14).

Although the best E:P for Nile tilapia has already
been established in other studies (14, 15), little is known
about how diets with different E:P can influence the
compensatory growth response of fish species (16).
Therefore, this study aimed to evaluate the effects of
varying E:P ratios associated with different feeding
strategies on the growth, feed and nutrient use, economic
parameters, whole-body composition, and liver steatosis
of juvenile Nile tilapia.

2. Material and methods
All procedures performed in this study were

previously approved by the Ethics Committee on Animal
Use of the Federal University of Paraná, Palotina Sector
(Protocol #15/2020).

2.1 Treatments and experimental design

Two isonitrogenous practical feeds (33% crude
protein – CP) for omnivorous fish with different digestible
energy (DE) levels were used in trial. Diet 1 (D1)
contained 3.2 kcal DE.g-1, while Diet 2 (D2) contained 3.4
kcal DE.g-1. The complete chemical composition of the
diets is described in Table 1.

Table 1. Chemical composition (wet basis) of the experimental
diets

* Values informed by the manufacturer

The treatments combined different experimental
diets with varying times of feeding:

● Treatment 7D1: fish were fed D1 for seven days.
● Treatment 7D2: fish were fed D2 for seven days.
● Treatment 5D2-2D1: fish were cyclically fed D2

for five days, and D1 for two consecutive days.
● Treatment 4D2-3D1: fish were cyclically fed D2

for four days, and D1 for three consecutive days.
The experiment was conducted as a completely

randomized design with six replicates per treatment.

2.2 Fish and laboratorial conditions

Nile tilapia (Oreochromis niloticus) juveniles were
purchased from a commercial fish farm (Piscicultura
Luciana Peretti, Palotina, Paraná, Brazil) and adapted to
laboratorial conditions for 45 days. Fish were kept in
circular tanks (1000L) equipped with biological filters
and supplementary aeration. The water in the tanks was
partially replaced (1/3 of the volume) on a daily basis.
During this period, the water quality parameters were
monitored daily: ammonia (0.039 mg.L-1), nitrite (0.5
mg.L-1), and pH (7.5) using commercial kits
(LabconTest®); and dissolved oxygen (5.35 mg.L-1) with
a multiparameter probe (Akso®, model Ak88). Fish were
fed daily with D2 at 8:00 am, 12:00 pm, and 4:00 pm until
apparent satiation.

An outdoor water recirculation system with six
circular tanks (1000L each) supplied with dechlorinated
tap water and equipped with a biological filter and
supplementary aeration was used for the experiment.

2.3 Experimental procedures

To begin the experiment, six hundred Nile tilapia
juveniles was fasted for 24 h and anesthetized with
alcoholic solution of benzocaine (50 mg.L-1). The fish
were then weighed (4.51±0.09 g) and randomly assigned
to four cages of 60L per 1000L tank (25 fish per cage),
constituting one experimental unit of each treatment per
tank. A maximum feeding rate of 6% of biomass per day
divided into two meals (11:00 am and 5:00 pm) was
established according to Huang et al. (4). Due to the
variations in water temperature throughout the trial, the
feeding rate and frequency were adjusted according to the
feeding protocol described in the NRC (14) for Nile tilapia
as follows:

- When the water temperature was under or equal
to 15 ºC, the fish were fed at 1% of their biomass at one
meal per day;

- When the water temperature ranged from 16 to
19 ºC, the fish were fed at 60% (3.6% of their biomass) of
the maximum feeding rate at one meal per day;

- When the water temperature oscillated from 20
to 24 °C, the fish were fed at 80% (4.8% of their biomass)
of the maximum feeding rate at two meals per day;

- When the water temperature ranged from 25 to

Chemical composition Diet 1 Diet 2
Moisture (%) 9.67 9.55
Crude protein (%) 32.95 33.10
Ether extract (%) 3.23 3.38
Crude fiber (%) 1.03 0.74
Ash (%) 10.60 9.65
Digestible energy (kcal.g-1)* 3.2 3.4
Gross energy (kcal.g-1) 4.3 4.5
DE:CP ratio (kcal.g-1) 9.6 10.3
GE:CP ratio (kcal.g-1) 12.9 13.6
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29 ºC, the experimental diets were supplied at the
maximum feeding rate (6.0% of their biomass) at two
meals per day;

- When the water temperature ranged from 30 to
32 ºC the feeding rate used was similar to the one
previously described for 20 to 24 °C.

The water temperature and dissolved oxygen
(7.40±0.68 mg.L-1) were monitored daily at 8:00 am
(22.97±2.89 °C) and 6:00 pm (26.55±3.41 °C) using a
multi-parameter probe (Akso®, model AK88). The total
ammonium (4.0±0.033 µmol.L-1) (method n° 4500B),
nitrite (0.005±0.032 µmol.L-1) (method n° 4110B), and
total alkalinity (95 mg.L-1) (method n° 2320B) were
monitored weekly according to the American Public
Health Association (17).

2.4 Sampling, processing, and parameters evaluated

From the initial population, 20 fish were
euthanized by anesthetic overdose (benzocaine at 500
mg.L-1). They were then ground, homogenized and frozen
until chemical analysis. For the last 24 h of the
experiment (on day 67), the fish were not fed.
Subsequently, all animals were sedated, weighed, and
counted as previously described. A sample of six
euthanized fish per cage was pooled to analyze the whole-
body composition, as previously described.

The following parameters were calculated:
●Weight gain (g) = Final weight - Initial weight;
●Feed intake (g.fish-1);
●Thermal growth coefficient
(%) = ;
●Feed conversion ratio
(g:g) = ;
●Survival rate
(%) = ;
●Uniformity
(%) = ;
●Gross energy participation in weight gain
(%) = ;
●Ether extract participation in weight gain
(%) = ;
●Crude protein participation in weight gain
(%) = ;
●Energy productive value
(%) = ;

●Lipid productive value
(%) = ;
●Protein productive value
(%) =

Where N: total number of animals; Nt: total
number of animals with weight ± 20% within the mean
live weight in each experimental unit (cage) as described
by Furuya et al. (18); BGEi: initial body gross energy;
BGEf: final body gross energy; GEi: total gross energy
intake; BEEi: initial body ether extract; BEEf: final body
ether extract; EEi: total ether extract intake; BCPi: initial
body crude protein; BCPf: final body crude protein; CPi:
total crude protein intake; Wi: average initial weight; Wf:
average final weight (19, 20).

The profitability of the feeding strategies was
calculated using the amount of money spent with feed per
kilogram of fish or one thousand fish produced. The price
of D1 and D2 was USD 0.72 and USD 0.65 per kilogram,
respectively. The conversion from Brazilian Real (BRL)
to US Dollars used the exchange rate on May 18, 2021:
1.00 USD = 5.255 BRL.

Another three fish per cage, also previously
euthanized, were weighed and necropsied to calculate the
following indexes:
●Hepatosomatic index

(%) =[(Liver weight/Body weight)x 100]

●Intraperitoneal fat index

(%) = [(Visceral fat weight/Body weight) x 100]

To determine liver steatosis, tissue fragments were
fixed in Davidson's solution for 24 hours, dehydrated in
graded ethanol solutions, and embedded in paraffin. Then,
paraffin-embedded tissues were cut transversely (7 μm
thickness) using an automatic microtome (SLEE medical
GmbH®, CUT 6062, Mainz, PP, Germany), and then
stained with Hematoxylin and Eosin (H&E). The slides
were photographed (40x objective lens) using a trinocular
microscope with a camera (Carl Zeiss® — Primo Star).
The images were processed and analyzed using the
IMAGEJ software. A 36-point test system (6 x 6 points)
was superimposed on each photomicrograph to determine
the volume density of hepatic steatosis (21) using the
following formula:

Where: Pp = test points that hit liver fat vesicles
and Pt = total test points (36 points).

The chemical composition of the diets and fish
were analyzed according to the Association of Official

Initial weight Final weight1/3 1/3-
Sum of water temperatures (mean values ºC) ]]

Total feed intake
Weight gain ]]

Final number of fish
Initial number of fish ]] x 100

N ]] Nt X100

]](Wf x BGEf) - (Wi x BGEi)
(Wf - Wi)

x 100

]](Wf x BEEf) - (Wi x BEEi)
(Wf - Wi)

x 100

]](Wf x BCEf) - (Wi x BCEi)
(Wf - Wi)

x 100

]](Wf x BGEf) - (Wi x BGEi)
GEi

x 100

]](Wf x BEEf) - (Wi x BEEi)
EEi

x 100

]](Wf x BCPf) - (Wi x BCPi)
CPi

x 100

Steatosis =
Pp
Pt x 100
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Analytical Chemists (22): moisture was determined using a
forced-air oven at 105 °C until a constant weight was
achieved; ash by combustion in a muffle furnace at 550 °C
(No. 942.05); ether extract by Sohxlet method (No.
920.39); crude protein by Kjeldahl method (N×6.25) (No.
936.15); crude fiber by non-enzymatic gravimetric
method (No. 993.21); and gross energy by calorimetric
bomb.

2.5 Statistical analysis

To verify the assumptions of variance analysis
(ANOVA), all data were subjected to exploratory analysis
to assess normality (Shapiro–Wilk test) and homogeneity
of variances (Bartlett's test). There was an outlier
experimental unit in treatment 7D2 that differed from the
others in terms of mortality rate (over 60%). Therefore, it
was excluded from the statistical analyses. A one-way

analysis of variance (ANOVA) was performed, and
significant means (P<0.05) were compared using Tukey's
test. All analyses were carried out using Statistical
Analysis System (SAS) software, version 9.1.

3. Results
The average survival rate of the fish was 83.7%,

which was similar (P>0.05) among treatments. There was
no significant effect of feeding strategies on fish growth.
However, it is important to highlight that fish from the
7D1 treatment had a 12% lower growth performance
(P>0.05). The same trend was observed in the cost per
kilogram or one thousand units of fish produced. The
productive performance parameters of Nile tilapia
juveniles are summarized in Table 2.

Table 2. Productive performance of Nile tilapia juveniles submitted to mixed feeding strategies varying the dietary E:P ratio after a
67-day trial.

Table 3. Dietary nutrients use of Nile tilapia juveniles submitted to mixed feeding strategies with variation in dietary E:P ratio after a
67-day trial.

Different superscripts within rows indicate significant differences by Tukey’s test (P<0.05). 7D1: fish were fed D1 for seven days; 5D2-2D1: fish were cyclically fed D2 for
five days and D1 for two consecutive days; 4D2-3D1: fish were cyclically fed D2 for four days and D1 for three consecutive days; 7D2: fish were fed D2 for seven days. D1
= 3.2 kcal DE.g-1 and 9.6 kcal DE: g CP ratio; D2 = 3.4 kcal DE.g-1 and 10.3 kcal DE: g CP ratio

7D1: fish were fed D1 for seven days; 5D2-2D1: fish were cyclically fed D2 for five days and D1 for two consecutive days; 4D2-3D1: fish were cyclically fed D2 for four
days, and D1 for three consecutive days; 7D2: fish were fed D2 for seven days. D1 = 3.2 kcal DE.g-1 and 9.6 kcal DE: g CP ratio; D2 = 3.4 kcal DE.g-1 and 10.3 kcal DE: g
CP ratio

Parameters
Feeding strategies

7D1 5D2-2D1 4D2-3D1 7D2 P value

Average initial weight (g.fish-1) 4.5±0.1 4.5±0.1 4.5±0.1 4.5±0.1 0.7849

Average final weight (g.fish-1) 28.5±1.2 27.7±1.2 28.1±1.9 25.9±2.1 0.0691

Average weight gain (g.fish-1) 24.1±1.1 23.1±1.2 23.6±1.9 21.4±2.1 0.0663

Feed intake (g.fish-1) 35.1±4.4 33.0±3.1 33.3 ±1.3 30.5±1.5 0.4100

Thermal growth coefficient (%) 0.086±0.002 0.083±0.002 0.084±0.004 0.079±0.005 0.0612

Feed conversion ratio (g:g) 1.3±0.07 1.3±0.03 1.3±0.06 1.4±0.09 0.3098

Survival rate (%) 80±11.3 86.1±6.0 82±6.6 86.8±7.8 0.4516

Uniformity (%) 34.7±8.0 42.7±12.6 35.5±10.9 39.5±7.1 0.5092

Feed cost (USD.kg fish-1) 0.89±0.12 0.84±0.06 0.83±0.06 0.78±0.05 0.0780

Feed cost (USD.1000 juveniles-1) 46.02±13.95 39.01±5.43 40.48±5.96 35.46±3.02 0.241

Parameters
Feeding strategies

7D1 5D2-2D1 4D2-3D1 7D2 P value

Gross energy participation in weight gain (%) 174±4.59 171.7±8.27 170±6.13 168.1±6.59 0.5214

Ether extract participation in weight gain (%) 9.7±0.25a 9.3±0.5ab 9.0±0.6ab 8.8±0.5b 0.0550

Crude protein participation in weight gain (%) 13.5±0.21 13.9±0.6 13.9±0.3 13.8±0.2 0.2726

Energy productive value (%) 26.9±3.76 27.1±2.7 27.3±2.8 27.2±1.9 0.9964

Lipid productive value (%) 16.6±2.22 16.6±1.7 16.4±2.0 16.8±1.5 0.9904

Protein productive value (%) 26.4±3.5 28.8±2.6 28.2±2.5 28.4±2.0 0.3980
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The participation of ether extract in fish weight
gain was reduced (P=0.055) by the increased participation
of D2 in feeding strategies. There were no differences
(P>0.05) in the other dietary nutrient use indices by fish
(Table 3).

Fish fed only with Diet 1 had a lower (P<0.05)
whole-body ether extract value. There was no significant
difference in other body indices and nutrients of Nile
tilapia juveniles when the feeding strategy was varied
(Table 4).

Table 4. Body index and whole-body composition (wet basis) of Nile tilapia juveniles submitted to mixed feeding strategies with
variation in dietary E:P ratio after a 67-day trial.

Parameters
Feeding strategies

7D1 5D2-2D1 4D2-3D1 7D2 P value

Hepatosomatic index (%) 3.6±0.8 3.5±0.2 4.0±0.6 3.90±0.4 0.3066

Intraperitoneal fat index (%) 1.6±0.3 1.53±0.3 1.93±0.6 1.42±0.3 0.1892

Volume density of hepatic steatosis (%) 0.47±0.15 0.50±0.17 0.49±0.05 0.48±0.11 0.4898

Dry matter (%) 27.0±0.40 27.1±0.87 26.8±0.71 26.7±0.46 0.6400

Crude protein (%) 13.3±0.18 13.6±0.49 13.6±0.23 13.6±0.17 0.2988

Gross energy (kcal/kg) 1602±42.1 1576±68.7 1564±54.7 1537±46.7 0.2963

Ether extract (%) 8.4±0.23a 8.1±0.46ab 7.8±0.50ab 7.6±0.41b 0.0239

Ash (%) 3.9±0.15 3.8±0.11 3.9±0.13 3.9±0.10 0.7831

Different superscripts within rows indicate significant differences by Tukey’s test (P<0.05). 7D1: fish were fed D1 for seven days; 5D2-2D1: fish were cyclically fed D2 for
five days and D1 for two consecutive days; 4D2-3D1: fish were cyclically fed D2 for four days and D1 for three consecutive days; 7D2: fish were fed D2 for seven days. D1
= 3.2 kcal DE.g-1 and 9.6 kcal DE: g CP ratio; D2 = 3.4 kcal DE.g-1 and 10.3 kcal DE: g CP ratio

4. Discussion
The Nile tilapia require between 3.0 kcal.g-1 (15, 23)

and 3.4 kcal.g-1 (14) of DE in their early growth phase.
Increasing dietary digestible energy — especially from
lipids and carbohydrates — is essential to reduce protein
levels in aquafeeds to meet the body's protein synthesis
requirements. Therefore, the estimated crude protein
requirement for juvenile Nile tilapia in the post-sexual
reversion phase is around 268-297 g.kg-1 (14, 15, 24), resulting
in a DE:CP ratio between 11 and 13 kcal DE: g CP. Nile
tilapia feeds in Brazil have between 40% CP (fingerlings)
and 35% CP (juveniles) (25). These values are much higher
than the minimum dietary CP content (29.7%) required
values (15) for the same development stage. Brazilian law
does not require fish feed industries to inform the protein
content in its digestible form. This is a plausible
hypothesis to explain the predominant availability of
commercial diets for tilapia with values of proteins
knowledgeable excessive, despite it being the most
expensive macronutrient in aquafeeds. Experimental diets
showed CP levels (33%) slightly higher than the
minimum nutritional requirement, although DE was
within the recommended range. Therefore, both diets
meet the nutritional requirements for Nile tilapia,
especially in terms of DE:CP ratio, when supplied alone
or in mixing strategies, considering similar (P>0.05)
productive performance among groups. However, it is
important to highlight the non-significant trend towards

lower growth on fish fed only D2. It is possible that
differences in feed formulation resulted in an E:P
imbalance when CP is expressed on a digestible basis.

Feeding restriction is largely used by fish farmers
to optimize feed conversion ratio. However, this strategy
decreases the effect of dietary energy levels on voluntary
feed intake, in contrast to when fish are fed to apparent
satiation. Thus, feed consumption and energy retention
between the different treatments were similar (P>0.05).
The amount of digestible carbohydrate, mostly consisting
of starch, can restrict voluntary feed intake (26, 27).
Therefore, the decrease in dietary energy intake in fish fed
to apparent satiation is due to differences in non-protein
and protein energy sources in diets. In fact, when fish is
fed to apparent satiety, it is difficult to estimate the ideal
E:P ratio because energy intake remains constant and
limits protein intake (28).

The body lipid content in fish usually has a
positive correlation with the energy increment in diets.
However, fish fed D1 (3.2 kcal.kg-1) had a higher body
lipid content than those fed D2 (3.4 kcal.kg-1). Low
whole-body lipid content in fish fed D2 was probably a
result of their smaller growth (P>0.05) despite similar
feed intake among treatments.

Nile tilapia juveniles show better growth at a water
temperature of 26 to 30 °C (29). Throughout the
experiment, there was high variability in the minimum
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and maximum water temperatures, and a gradual decline
in the daily average temperature. Therefore, feeding rate
adjustments were constantly necessary, as well as the
reduction from two to one meal when the water
temperature was lower than 20 °C. Water temperature can
influence batch uniformity, as observed in Nile tilapia
GIFT strain by Santos et al. (30). Thus, the temperature
gradient may explain the low uniformity (under 40%)
observed in this study.

Ingestion of high levels of lipids or dietetic
carbohydrates can increase lipid deposition in the liver,
resulting in a condition called hepatic steatosis. This is a
common disorder in fish lipid metabolism, especially in
cultured fish, which can result in poor feed efficiency and
growth (31, 32). However, diagnosing steatosis as a
pathology can be erroneous, as fat storage varies between
species and fat accumulation indicates a good dietary
status rather than a nutritional disorder (33). Nile tilapia
livers presented large intracytoplasmic vacuoles and
displaced nucleus (average steatosis degree around 48%),
without significant effect of the treatments. To determine
if the steatosis degree is indicative of either a healthy
dietary status or nutritional disease, it would be necessary
to test commercial Nile tilapia feeds with wider variances
in E:P ratios.

Hepatosomatic and intraperitoneal fat indexes are
indirect measures of the fish's body energy stock.
Sgnaulin et al. (24) observed a high hepatosomatic index in
Nile tilapia similar to this study. These authors considered
the high amount of dietary digestible carbohydrates
responsible for this result. The physiological response to
high dietary carbohydrate concentration was previously
studied in Nile tilapia fed increasing levels of starch (34) or
after intraperitoneal glucose injection (35, 36).

In the present study, the feeding protocols (with
mixed diets or not) did not influence nutrient-productive
values. In fact, only ether extract participation in weight
gain decreased in opposition to energy levels of diets,
corroborating with the trend registered in weight gain and
whole-body ether extract content. A similar finding was
reported by Haidar et al. (28).

5. Conclusion
It is possible to feed Nile tilapia juveniles with

different dietary E:P ratios without affecting the
productive performance. However, the choice of feeding
protocol should also consider production costs. Thus, it is
recommended to feed Nile tilapia juveniles with a
commercial diet with 10.3 kcal DE per gram of crude
protein for seven days per week.
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