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A B S T R A C T

A 16-week trial was conducted to assess the effects of dietary protein levels and feeding regimes on the growth 
performance and biochemical profile of European sea bass (Dicentrarchus labrax), initial weight 56 ± 1.0 g reared 
under brackish water conditions (7 ppt) in a recirculating aquaculture system. The experiment was designed as a 
completely randomized layout of six duplicated treatments: T1 (42 % protein, fed once daily), T2 (42 % protein, 
fed twice daily), T3 (42 % protein, fed thrice daily), T4 (44 % protein, fed once daily), T5 (44 % protein, fed 
twice daily), and T6 (44 % protein, fed thrice daily). Our results indicated improved growth performance 
regarding the feed conversion ratio and specific growth rate in T2 compared to the other treatments. Weight gain 
was significantly higher in T2, T4, T5, and T6 than in T1 and T3. Additionally, T2 and T4 achieved the highest 
survival percentages compared to the other treatments. For fish health assessment, our findings revealed 
significantly lower metabolic enzyme activity of alanine transaminase in T2 and T4 compared to the different 
treatments, and alkaline phosphatase activity in T2 and T3 compared to T4, T5, and T6. However, T1 recorded 
significantly the lowest values for aspartate transaminase activity. Regarding kidney function, significantly lower 
and higher values for glucose, uric acid, and hemoglobin, respectively, were noted in T2. In conclusion, feeding 
Dicentrarchus labrax with 42 % protein twice daily is an optimal feeding strategy for enhancing its growth 
performance and health status in brackish water (7 ppt) conditions within a recirculating aquaculture system.

1. Introduction

Recirculating Aquaculture Systems (RAS) have emerged as an 
innovative and highly efficient fish production technique and a key area 
of focus for aquaculture research, aiming to meet the increasing global 
protein demands (Gupta et al., 2024). As an intensive aquaculture 
technique, feeding in RAS is a crucial component, representing almost 
60 % of the overall production expenses (Hossain et al., 2024). The goal 

of optimal feed management is to avoid overfeeding, which leads to a 
decrease in feed costs, increases productivity by enhancing growth and 
conversion efficiency, and reduces waste accumulation, which main
tains water quality (Abdel-Aziz et al., 2021a). In addition, different 
feeding management practices can improve water quality and promote 
an increase in production efficiency through compensatory growth 
(Nebo et al., 2018; Roa et al., 2019). However, when implementing any 
feed management practice, it is important to consider the individual 
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nutritional requirements of the reared species (Laczynska et al., 2020). 
Furthermore, to fulfil the dietary nutritional requirements of fish and 
improve their growth performance, it is essential to determine the ideal 
feeding rate, feeding frequency, feed ingredients, and nutritional con
tent of the feed (Habib-Ul-Hassan et al., 2022a). As such, extensive 
research has been done to examine the optimum protein requirements of 
various fish species, as demonstrated by Basto et al. (2020) in European 
sea bass (Dicentrarchus labrax), Liu et al. (2023) in largemouth bass 
(Micropterus salmoides), Cai et al. (2020) in spotted seabass (Dicen
trarchus punctatus), and Nguyen et al. (2021) in Nile tilapia (Oreochromis 
niloticus).

The optimum dietary protein requirements of fish are influenced by 
the interaction of several factors. These factors include the species and 
size, frequency of feeding, amount of non-protein energy sources, pro
tein quality (digestibility and amino acid balance), and environmental 
conditions such as water temperature, pH, dissolved oxygen, ammonia, 
nitrite, and nitrate concentrations in rearing water (Cai et al., 2020). 
Most of the research on the protein needs of sea bass has been done on 
juveniles, which estimated that the optimum requirements for sea bass 
growth are between 40 % and 50 % protein (Dias et al., 2003a, 2003b; 
Oliva-Teles, 2000; Ballestrazzi et al., 1994). Another study done by 
Habib-Ul-Hassan et al. (2022b) demonstrated that the optimum protein 
levels are between 45 % and 45 % protein. According to Hassan et al. 
(2021). Accurate feeding frequency (FF) reduces size variance and 
aggressive social behavior between sea bass. Additionally, it increases 
the effectiveness of the fish’s digestive system and minimizes competi
tion for nutrition. Some researchers demonstrate that the easy FF im
proves feed utilization and accelerates fish growth, for example, 
Oreochromis niloticus (Daudpota et al., 2016a) and Asian seabass (Lates 
calcarifer) (Hassan et al., 2021).

RAS is known to maintain better water quality due to its water 
recirculation and purification in several compartments, thus permitting 
wastewater reuse while increasing production (Modeel et al., 2024). 
Because of its advantages over traditional aquaculture production sys
tems, which include requiring less water and land, controlling water 
quality, dealing with erratic environmental conditions, applying good 
food practices, minimizing the seasonality effect, lowering the risk of 
disease infection, and providing high-quality fish production 
(Oliva-Teles, 2000). An indoor RAS was chosen in this trial for the 
intensive production of European seabass (D. labrax).

European sea bass (D. labrax) is one of the most reared marine finfish 
species in Europe and the Mediterranean region (Rigos et al., 2021). 
However, mortality and disease outbreaks have negatively impacted the 
production of these species, resulting in lower yields (Montero et al., 
2023). These issues may be linked to several factors, such as poor 
feeding management practices, water quality parameters, and salinity. 
Feeding practices, specifically the feeding frequency (FF), if handled 
well, can, however, improve growth and reduce feeding costs by 
boosting feed efficiency and growth by minimizing the amount of un
eaten feed, leaching of feed ingredients into water, and deterioration of 
water quality. Reduced feed frequency causes an increase in food 
quantity and uneaten feed follow-up, which raises the feed conversion 
ratio (FCR) (Espinoza-Ortega et al., 2024). Numerous studies have 
assessed the significance of FF in enhancing the FCR and the specific 
growth rate (SGR) under various rearing conditions. Abdel-Aziz et al., 
2021b and Abutalb (Abutalb, 2023) mentioned that, as fish may control 
their feed intake to meet their needs, SGR and FCR should increase. If FF 
reaches maximal feed utilization, then there will be a strong negative 
correlation between SGR and FCR. Furthermore, studies on tilapia 
(Oreochromis niloticus) and carp fish (Cyprinus sp.), respectively, showed 
that SGR increases with increased FF, while FCR did not (Daudpota 
et al., 2016a).

The objective of this study, therefore, is to investigate the effects of 
feed quality (dietary protein levels) and feeding frequency on the growth 
performance, survival, and health status of European sea bass (Dicen
trarchus labrax) reared in a brackish water-recirculating aquaculture 

system. This study’s results will greatly benefit aquaculture farmers 
without direct access to the sea and those in regions with rich sources of 
brackish water.

2. Materials and methods

2.1. Fish acclimation

European sea bass (Dicentrarchus labrax) was obtained from a 
governmental hatchery (Marine 21 hatchery) in Alexandria governorate 
and carefully transported to the Center for Applied Research on the 
Environment and Sustainability (CARES), The American University in 
Cairo (AUC). Before transportation, the fish were starved for 24 h to 
avoid any stress during transportation. Fish were carefully transferred to 
well-aerated plastic containers (1000 L) filled with seawater of salinity 
level 35 ppt. The transportation was done in the early morning to avoid 
heat stress. Upon reaching the CARES facility, all fish were transferred to 
other 1000 L tanks in a Recirculating Aquaculture System (RAS) and fed 
on a commercial feed with 40 % protein for 45 days to reach acclima
tion. During the acclimation period, the salinity level gradually 
decreased by adding fresh water until it reached brackish water salin
ities of 7 ppt.

2.2. Experiment design

After acclimation, fish were redistributed into 6 groups/treatments 
of 1200 healthy European seabass (initial weight 56 ± 1.0 g) at a 
stocking density of 100 fish/m3. The treatments were arranged in a 
completely randomized design in duplicates as follows. T1(42 % protein, 
fed once/day), T2 (42 % protein, fed twice/day), T3 (42 % protein, fed 
thrice/day), T4 (44 % protein, fed once/day), T5 (44 % protein, fed 
twice/day), and T6 (44 % protein, fed thrice/day). Fish were fed until 
satiation on pellets purchased from the Skretting Egypt company. The 
water in the RAS was running at a flow rate of 2 L/min, measured and 
maintained automatically by the sensors every minute. The water tem
perature, pH, dissolved oxygen, and salinity levels were maintained at 
25 ± 1 ◦C, 7–8, 7 mg/ L, and 7 ppt, respectively. For the total ammonia 
monitoring, the HANNA Aquaculture photometer (HI83303) was used, 
which showed an optimal level of < 0.05 mg/L.

2.3. Experimental termination and growth performance

At the end of the trial (110 days), all fish were starved for 24 h, and 
then the final weight and number were taken to calculate growth per
formance [i.e., weight gain (WG), specific growth rate (SGR), feed intake 
(FI), daily feed intake (DFI), and feed conversion ratio (FCR)] and sur
vival rate as follows: 

1. WG (g) = [final body weight, FBW (g) – initial weight, IBW (g)]/ IBW 
(g)

2. SGR (%/day) = (ln FBW – ln IBW) / duration (60 days) × 100
3. FCR = FI (g)/ WG (g)
4. Survival (%) = 100 × [final fish number/initial fish number]

2.4. Feed economic efficacy

To estimate the economic value for every treatment, follow the 
equation:

Feed cost with Egyptian Pound (EGP) =

5. The cost of one kg of each diet X the amount of total feed intake (kg) 
during the experimental period (110 days).

6. Feed cost/kg gain with Egyptian Pound (EGP) =Total feed cost/Total 
weight gain (kg).
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2.5. Blood sampling and biochemical analysis

The fish were anesthetized with 50 ppm tricaine methane sulfonate 
(MS-222) according to Topic Popovic et al. (2012). Two fish per repli
cate were sampled, and blood was obtained from the caudal vein using a 
syringe and stored in a refrigerator for 3 – 4 h until a serum layer was 
formed. The samples were centrifuged at 3000 rpm for 10 min at 4◦C, 
and the supernatant (serum) was purely isolated and stored at − 20◦C 
until further analysis (Dong et al., 2017). Biochemical analysis of liver 
function (i.e., alanine transaminase “ALT”, aspartate transaminase 
“AST”, alkaline phosphatase “ALP”, total Bilirubin, and Albumin) and 
kidney function (i.e., urea, creatinine, and uric acid), as well as total 
protein, glucose, and hemoglobin, were conducted using biochemical 
kits purchased from Spectrum company, and the samples were prepared 
following Spectrum protocol, then measured in triplicates using the 
ELIZA device (Tecan infinite200pro).

2.6. Statistical analysis

Data was analyzed statistically and visualized using GraphPad Prism 
software package version 8.4.2. Data sets were subjected to normality 
and equality of variances tests using the Shapiro-Wilk and Bartlett’s 
tests, respectively. A two-way analysis of variance (ANOVA) was per
formed, along with a Tukey post hoc test to determine the significance of 
the results. The significance of the results obtained was judged at the 5 % 
level.

3. Results

3.1. Growth performance and survival

Growth performance and feed utilization parameters revealed sig
nificant differences between different treatments in all measured pa
rameters except for the feed intake (FI), feed conversion ratio (FCR), and 
specific growth rate (SGR), as shown in Table 1. However, the highest 
weight gain (WG) was noted in T2, without any significant differences 
among T4, T5, and T6. On the other hand, T1 and T3 recorded the lowest 
WG with a significant difference compared to all other treatments. 
Furthermore, the FCR was better under T2 as indicated by lower values 
compared to other treatments. Likewise, T2 recorded the best SGR as 
indicated by high values, followed by T6, T5, T4, T3, and T1, respec
tively. For the survival percentage, T2 and T4 significantly recorded the 
highest values compared to T6, T5, and T1.

3.2. Feed economic efficacy

Table 2 shows feed costs of using feeding frequency and different 
protein levels, where T2 showed a significant decrease in feed cost 
compared with other treatments, Furthermore, there was a significant 
difference in cost among all treatments, which reflected that feeding 
frequency affected cost in 42 % protein level without any difference in 

44 % protein level.

3.3. Biochemical Profile

3.3.1. Liver function
To assess the liver function, metabolic enzyme activities for Alanine 

Transaminase (ALT), Aspartate Transaminase (AST), Alkaline phos
phatase (ALP), as well as total bilirubin and albumin levels were 
measured, and the results were presented in Fig. 1. T2 and T4 signifi
cantly recorded the lowest values for ALT activity compared to other 
treatments, without any significant differences between each other 
(P > 0.05). (Fig. 1A). In contrast, there was a significant decline in AST 
activity in T1 compared to other treatments (P < 0.05) (Fig. 1B). No 
significant differences in AST activity were noted among T2, T3, T4, T5, 
and T6 (P > 0.05). However, the ALP activity was significantly higher in 
T6, T5, and T4 compared to other treatments, with T1 recording the 
lowest activity (P < 0.05) (Fig. 1C).

In total albumin, there were no significant differences among all 
treatments (P > 0.05). (Fig. 2A). In contrast, the total bilirubin was 
significantly higher in T3 than in other treatments (Fig. 2B). Likewise, 
the total bilirubin was significantly higher in T1 and T2 than in T4, T5, 
and T6 (P < 0.05)

3.3.2. Kidney function
Fig. 3 represents the serum biochemical parameters for assessing 

kidney function. As shown in Fig. 3A, there was a variation in the con
centration of urea among the treatments (P < 0.05), with T3 signifi
cantly recording the highest values compared to T1, T2, T5, and T6, 
respectively (P < 0.05). However, no significant differences in the 
concentration of urea were noted across T1, T2, T4, T5, and T6 
(P > 0.05). For uric acid, there was a significant decline in the uric acid 
concentration in T2 compared to other treatments (Fig. 3B). Further
more, there was a decline in the concentration of creatine, except with 
T1, which significantly recorded higher values relative to other treat
ments (P < 0.05) (Fig. 3C).

3.3.3. General health status biomarkers
Total protein, glucose, and hemoglobin are among the most common 

biomarkers used for assessing the health status of fish, and these indices 
are summarized in Fig. 4. As shown in Fig. 4A, no significant differences 
in total protein were noted across all the treatments (P > 0.05). How
ever, results on the glucose content indicated a significant increase in T1 
compared to other treatments, while T2 and T4 significantly recorded 
the lowest values (P < 0.05) (Fig. 4B). The total hemoglobin content was 
significantly higher and lower in T2 and T3, respectively, compared to 
other treatments(P < 0.05) (Fig. 4C).

4. Discussion

In this study, dietary protein levels and feeding frequency had sig
nificant effects on the growth performance and survival of European 

Table 1 
Growth performance and survival of European sea bass (Dicentrarchus labrax) at 110 days.

Parameters T1 T2 T3 T4 T5 T6 P

IBW (g) 57.35 ± 0.06 55.45 ± 0.35 55.4 ± 0.28 57.15 ± 0.35 56.1 ± 0.28 57.05 ± 0.35 ns
FBW (g) 102 ± 6.36b 113 ± 4.24a 101 ± 2.12b 104 ± 1.41b 112 ± 1.41a 115 ± 1.41a < 0.05
WG (g) 37.0 ± 3.32c 57.4 ± 4.67a 41.5 ± 4.17b 46.8 ± 0.42a 48 ± 0.42a 47.0 ± 0.42a < 0.05
FI (g) 93.3 ± 0.28 87.5 ± 2.8 85.8 ± 3.96 86.6 ± 0.50 85.7 ± 0.50 91.05 ± 0.50 ns
FCR 2.6 ± 0.21 1.6 ± 0.21 2.1 ± 0.14 2.0 ± 014 1.9 ± 0.14 2.0 ± 0.14 ns
SGR (%/day) 0.48 ± 0.09 0.62 ± 0.04 0.51 ± 0.00 0.52 ± 0.01 0.60 ± 0.01 0.61 ± 0.01 ns
SR (%) 92.5 ± 3.50b 100 ± 0.00a 97.0 ± 4.24ab 100 ± 0.00a 94.5 ± 0.71b 91.5 ± 0.71b < 0.05

Values are presented as Means ± Standard Deviation (SD), and different superscript letters for each parameter within rows indicate significant differences. (P < 0.05). 
IBW: initial body weight, FBW: final body weight, WG: weight gain, FI: feed intake, FCR: feed conversion ratio, SGR: specific growth rate, SR: Survival percentage. 
Treatments: T1(42 % protein, fed once/day), T2 (42 % protein, fed twice/day), T3 (42 % protein, fed thrice/day), T4 (44 % protein, fed once/day), T5 (44 % protein, 
fed twice/day), and T6 (44 % protein, fed thrice/day).
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seabass (Dicentrarchus labrax) reared under a brackish water RAS. 
Feeding fish on a diet containing 42 % protein twice/day (T2) improved 
the growth performance in terms of (WG), (FCR), (SGR), and survival 
percentage compared to other treatments. This means that lower protein 
levels and feeding frequency can support D. labrax to reach its optimum 
growth performance and survival under brackish water conditions. The 
influence of dietary protein levels and feeding frequency has been 
assessed in different species and experimental conditions. El-Dahhar 
et al. (2016) reported that 38 % protein was optimal for feed utilization 
and growth performance of D. labrax fingerlings reared under seawater 
flow conditions. Karapanagiotidis et al. (2022) conducted a 
second-degree polynomial regression analysis and reported that a di
etary protein level of 41.4 % and 43.8 % delivered the maximum WG 
and the higher feed efficiency, respectively in sharp snout sea bream 
(Diplodus puntazzo) juveniles (Chen et al., 2023) showed that feeding 
rainbow trout (Oncorhynchus mykiss) with dietary protein levels of 44 % 
enhanced the growth performance and feed utilization of fish. For 
feeding frequency, (Dwyer et al., 2002) suggested that feeding juvenile 
yellowtail flounder (Limanda ferruginea, initial weight 6.80 ± 0.20 g) 
twice/day significantly improved the weight and FCR of fish. In Nile 
tilapia (Oreochromis niloticus, initial weight 1.0 g) reared in low salinity 
water, (Daudpota et al., 2016b) showed that a feeding frequency of 4 – 5 

Table 2 
Effect of feeding frequency and different protein levels on economic efficiency.

Items (EGP) T1 T2 T3 T4 T5 T6 P

Feed cost 396 ± 0.5a 358 ± 2.8c 378 ± 2.8b 368 ± 2.8bc 365 ± 4.95bc 389 ± 4.24ab < 0.05
Feed cost/kg gain 127 ± 1.09a 75.0.3c 104 ± 6.4b 93 ± 0.7b 90 ± 1.4b 98 ± 1.4b < 0.05

Values are expressed as Means ± SD with different superscript letters for each parameter within rows indicating significant differences. (P < 0.05). Treatments: T1 
(42 % protein, fed once/day), T2 (42 % protein, fed twice/day), T3 (42 % protein, fed thrice/day), T4 (44 % protein, fed once/day), T5 (44 % protein, fed twice/day), 
and T6 (44 % protein, fed thrice/day).

Fig. 1. Enzyme activity for (A) alanine transaminase (ALT), (B) aspartate 
transaminase (AST), and (C) alkaline phosphatase (ALP) under different treat
ments. Data are presented as mean ± standard deviation. Treatments: T1(42 % 
protein, fed once/day), T2(42 % protein, fed twice/day), T3(42 % protein, fed 
thrice/day), T4(44 % protein, fed once/day), T5(44 % protein, fed twice/day) 
and T6(44 % protein, fed thrice/day).

Fig. 2. Concentrations of (A) albumin and (B) total bilirubin under different 
treatments. Data are presented as mean ± standard deviation. Treatments: T1 
(42 % protein, fed once/day), T2(42 % protein, fed twice/day), T3(42 % pro
tein, fed thrice/day), T4(44 % protein, fed once/day), T5(44 % protein, fed 
twice/day) and T6(44 % protein, fed thrice/day).

Fig. 3. Concentrations of (A) urea, (B) uric acid, and (C) creatinine under 
different treatments. Data are presented as mean ± standard deviation. Treat
ments: T1(42 % protein, fed once/day), T2(42 % protein, fed twice/day), T3 
(42 % protein, fed thrice/day), T4(44 % protein, fed once/day), T5(44 % pro
tein, fed twice/day) and T6(44 % protein, fed thrice/day).
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times/day enhanced the WG, SGR, and FCR of fish (Okomoda et al., 
2019) recommended a feeding frequency of five times/day for better 
growth performance and nutrient utilization in African catfish (Clarias 
gariepinus) fry and fingerlings. Generally, the growth performance of fish 
increases with the increasing feeding frequency up to a certain level and 
then declines (Li et al., 2014; Russo et al., 2017; Oh et al., 2018). 
However, it is imperative to note that the optimum feeding frequency is 
dependent on several factors, such as fish size and species, rearing 
conditions, and the nutrient content of the feed (Huang et al., 2025). 
Nonetheless, fish must be fed to satiation to reach optimum growth. 
Lower or higher feeding frequencies can negatively impact the growth 
performance of fish as indicated in this study (i.e., T1 (42 %, fed 
once/day), T3 (42 %, fed thrice/day), and T6 (44 %, fed thrice/day)) 
and this is similar to previous studies on juvenile dolly varden char 
(Salvelinus malma, average weight: 9.40 ± 0.30 g) reared under hypoxia 
stress by Guo et al. (2018). Juvenile blunt snout bream (Megalobrama 
amblycephala, average weights: 9.92 ± 0.06 g and 8.87 ± 0.03 g) by Li 
et al. (2014). This poor growth performance is attributed to the faster 
gastrointestinal evacuation rate and reduced residence time in the 
stomach and hence resulting in less effective digestion and assimilation 
of nutrients (Wang et al., 2020). However, the study results on better 
growth performance and survival under T2 agree with previous studies 
by Wang et al. (2020) and Yúfera et al. (2014) who have shown that 
feeding gilthead seabream (Sparus aurata) continuously or twice/day 
not only allowed better and prolonged feed residence time in the 
stomach but also improved the acid digestion efficiency.

As reported in the previous section, feed is one of the major inputs in 
commercial aquaculture, contributing approximately 60 – 80 % of all 
the production costs (Verdegem et al., 2023; Ali et al., 2023). Reducing 
the feeding frequency and dietary protein levels without compromising 
the growth performance and survival of fish could, in the long run, lower 
the production costs. The lower feeding frequency under similar protein 

percentages (i.e., T1, T2, and T3) lowered the production cost in the 
order T2 < T3 < T1. However, the feeding regime affected the growth 
performance, which in turn affected the production cost under our 
experimental conditions. This contradicts earlier reports, which show 
that feeding frequency does not affect production costs due to 
compensatory growth (El-Araby et al., 2020; Amer et al., 2020).

In this study, the serum biochemical profile was used to assess the 
liver and kidney function as well as the general well-being of fish as 
reported by Bavia et al. (2024). Serum ALT and AST play an important 
role in protein and amino acid metabolism and are indicators of liver 
health. They may be released into plasma following tissue damage and 
dysfunction occurrence (Zhang et al., 2021; Zheng et al., 2022). ALP has 
a close relationship with the immune function of animals (Lallès, 2014). 
Serum Albumin plays a crucial role in nutrient transport and osmotic 
regulation. Furthermore, Serum Bilirubin is used as an indicator of liver 
function and is excreted as a waste product (Chien et al., 2017). Our 
study showed that dietary protein levels and feeding regimes influence 
the activity of these enzymes, as indicated by the high concentration of 
ALT in T5 and T6 and low concentrations of AST in T1 relative to other 
treatments. The high levels of dietary protein resulted in the increase of 
protein catabolism by these metabolic enzymes, thus diverting the nu
trients to energy production rather than being used for growth, and this 
is supported by the inferior growth performance regarding WG in T5 and 
T6 treatments. Similar results have been previously reported in 
O. niloticus (Gaye-Siessegger et al., 2006; Abdel-Tawwab et al., 2010) 
and Solea aegyptiaca juveniles (Yones et al., 2018). Furthermore, the rise 
of serum protein with dietary protein could likely be due to the 
enhanced levels of digested protein; however, lower values for serum 
glucose were observed in high dietary protein diet treatments and those 
with frequent feeding. This means that fish were using proteins for en
ergy metabolism rather than using glucose as the source of energy, a 
process known as gluconeogenesis (Melo et al., 2016). Moreover, 
elevated hemoglobin levels in T2 compared to other treatments indi
cated that feeding fish at moderate dietary protein levels twice/day 
improves the health status of fish under stress conditions, thus in line 
with a previous study on common carp (Cyprinus carpio) (Ahmed Khan 
and Maqbool, 2017), African catfish (C. gariepinus) (Aderolu et al., 
2017), and Tambaqui (Colossoma macropomum) (Rodrigues et al., 2024).

When fish are stressed, they release large volumes of certain com
pounds such as carbon dioxide, ammonia, and a small amount of uric 
acid (Nasr-Eldahan et al., 2024). The accumulated ammonia is then 
converted into a relatively non-toxic form, such as uric acid or urea, 
which is subsequently excreted by the kidneys (Wilkie, 2002; Zimmer 
et al., 2017). High levels of serum urea and uric acid indicate kidney 
dysfunction (Dawood et al., 2023; Busti et al., 2020) In this study, 
although high levels of serum urea and uric acid were noted in T3, T4, 
T5, and T6, no significant differences were noted with T1; thus, our 
experimental conditions did not negatively affect the kidney function of 
D. labrax. This is further supported by significantly lower serum creat
inine and total bilirubin levels that were within the normal range in 
healthy fish, as well as non-significant differences in albumin levels 
across all the treatments.

5. Conclusion

The current study focuses on the effect of dietary protein levels and 
feeding regime on the growth performance and biochemical profile of 
European sea bass (Dicentrarchus labrax) reared under brackish water 
conditions (7 ppt) in a RAS. The collective results demonstrated that 
there was a significant difference in the growth performance and sur
vival of fish depending on the feeding regime and dietary protein levels, 
with better growth performance in terms of FCR, SGR, WG, and survival 
percentage recorded in fish fed on 42 % protein twice/day which re
flected that using appreciate protein level with good food strategy 
improve the growth performance and reduce food cost. Moreover, our 
experimental conditions did not show a negative impact on the liver and 

Fig. 4. Concentrations of (A) total protein, (B) glucose, and (C) hemoglobin 
under different treatments. Data are presented as mean ± standard deviation. 
Treatments: T1(42 % protein, fed once/day), T2(42 % protein, fed twice/day), 
T3(42 % protein, fed thrice/day), T4(44 % protein, fed once/day), T5(44 % 
protein, fed twice/day) and T6(44 % protein, fed thrice/day).
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kidney function as well as the blood biochemical profile. Furthermore, 
showed improvement in liver function and hemoglobin in using 42 % 
protein twice per day which reflected in health situation of fish. Hence, 
European sea bass showed the possibility of growth with normal health 
status under brackish water (7 ppt) conditions in a RAS, provided that 
fish are fed on 42 % protein twice/day.
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