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Abstract

Curcumin, a polyphenol, targets multiple signaling molecules and shows activity at the cel-
lular level, supporting its various health benefits. Thereafter, the present study examines
the effects of different doses of dietary curcumin on growth indices, feed efficiency, serum
metabolites, redox (oxidation) status, immunity, histological assessment, and antioxidant-
related genes in red tilapia (Oreochromis sp, Oreochromis aureus x O. mossambicus). A
total of 1200 red tilapia with an average weight of 19.1+0.03 g were distributed in 12
cement ponds (3x3.5%1m). Each treatment was assigned three pounds (n=100 replicates).
For 60 days, fish were fed baseline diets containing 0, 0.4, 0.6, and 0.8 g of curcumin/kg of
diet. The treated fish showed increased body weight and SGR (specific growth rate) com-
pared to the TO group (P<0.05). Curcumin in the diet significantly improved weight gain,
percentages, and FCR (feed conversion ratio), with a dose-dependent effect (P < 0.05).
Curcumin supplementation showed no influence on feed intake, fish mortality, or survival
rate (P >0.05). The curcumin-treated fish groups improved tissue structure in hepatocytes,
pancreatic lumens, hepatic blood sinusoids, and intestine tissue layers, particularly the
mucosal layer. The T0.8 group had reduced liver enzymes (AST and ALT) and greater total
protein and albumin levels (P<0.05). The T0.6 and T0.8 groups showed significantly lower
MDA levels than the other groups (P < 0.05). Curcumin groups demonstrated significantly
higher antioxidant indices (CAT, GPx, and SOD) compared to the basal diet (P<0.05).
Curcumin administration resulted in significant improvements in IgM and lysosome lev-
els (P<0.05). All supplemented groups had considerably (P<0.05) higher levels of SOD,
CAT, and GPx mRNA than the control group. Consequently, administering 0.6-0.8 g/kg of
curcumin to red tilapia (Oreochromis sp.) diets may improve the fish’s growth, health, tis-
sue composition, and antioxidant response.
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Introduction

Globally, fish culture is expanding in new directions, intensifying and diversifying. Red
tilapia, a hybrid species born from the union of Oreochromis niloticus and Oreochromis
mossambicus, is rapidly gaining popularity in the aquaculture industry (Edwards et al.
2019). Its multifaceted appeal stems from a combination of desirable traits. Red tilapia,
valued for its rich nutritional profile and delectable taste, holds a prominent position in
the Egyptian economy. Egyptian consumers increasingly favor this fish, with per capita
consumption rising from 8.5 kg/year in 1996 to a remarkable 15.4 kg/year by 2008 (FAO
2012). Egypt’s dominant role in Tilapia farming is well-established, ranking first in Africa
and second globally, just behind China (Kaleem and Sabi 2021). To improve productivity,
several synthetic growth promoters, antibiotics, and hormones have been used to enhance
the growth, feed efficiency, and health status (Saeed et al. 2019; Khafaga et al. 2019; Ash-
our et al. 2020; El-Saadony et al. 2021; Hendam et al. 2023). In recent years, consumers
have become increasingly concerned with the quality and safety of farmed fish, demand-
ing products free from pollutants, antibiotics, and carcinogens. This growing awareness
has shifted the focus of fish rearing strategies, placing greater emphasis on food hygiene
alongside traditional concerns like growth performance. Phytochemicals, a diverse group
of plant-derived compounds, offer a wealth of health benefits. They are commonly found
in fruits, vegetables, beans, cereals, and plant-based beverages like tea and wine (Alaga-
wany et al. 2021). These natural treasures play a crucial role in promoting optimal health
and well-being due to their powerful antioxidant, anti-microbial anti-inflammatory, and
immunomodulatory effects (Chakraborty et al. 2014). The natural remedies have been used
for centuries in human medicine, providing a safe, affordable, and gentler alternative to
synthetic drugs, with fewer side effects. Curcumin, a biomolecule found in turmeric, has
emerged as a potential dietary supplement for fish, offering a natural way to improve their
health and growth (Jastaniah et al. 2024). Previously, it has been shown that curcumin sup-
plementation can lead to improved growth performance in various fish species, including
increased body weight, feed conversion efficiency, and survival rates (Yonar et al. 2019).
Previous studies have proven that curcumin is an antioxidant agent that works to improve
and preserve the tissue structures of aquatic animals and increase their health status (Eissa
et al. 2023). Curcumin contains a wide spectrum of pharmacological activities, including
antioxidant, antibacterial, antimicrobial, and immunomodulatory actions (Li et al. 2022).
However, little is known about curcumin’s beneficial effects on fish species, specifically
the impact of varying amounts of curcumin on red tilapia growth performance and health
condition. Many authors have documented that curcumin possesses significant biological
properties, such as growth promotion (Fagnon et al. 2020), hepatoprotective (Mohamed
et al. 2020), antioxidant, anti-bacterial, and immunomodulatory (Alagawany et al. 2021)
for fish. As a result, it is critical to develop growth-promoting, immunostimulant, and
antioxidant-rich diets to increase tilapia health, production, and sustainability (Eissa et al.
2024). Although there is some previous knowledge on the enhancing effect of curcumin in
improving the health status and growth of fish, the potential beneficial effects of curcumin
integrated into the diets of red tilapia remain to be examined. Based on the biological activ-
ities of curcumin, we hypothesized that the addition of curcumin in the diets of red tilapia
would improve growth and health status via boosting the antioxidant features and immune
markers. This study sought to assess the effects of various dietary curcumin concentrations
on growth performance, feed utilization, histo-morphological structure, redox status, and
antioxidant-related genes in red tilapia.
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Material and methods
Experimental design and diet preparation

Red tilapia was obtained from the Fish Research Center, Al-Arish University, Egypt. Water
parameters were checked daily throughout the experimental period. After the acclimation
period, a total of 1200 healthy red tilapia with an average body weight of 19.1+0.03 g
were randomly distributed in cement ponds (3%3.5x1 m) with a natural photoperiod dur-
ing the entire study period. The fish were divided into four groups with each group consist
of 3 replicates, in cement ponds (100 fish/ pond). The fish were fed basal diets containing
0, 0.4, 0.6, and 0.8 g/kg diet for 60 days. These doses were selected based on the study
of Amer et al. (2022). The fish were given experimental diets up to apparent satiety three
times a day at 8:00, 12:00, and 16:00. The diet was supplied based on body weight, where
the fish were fed 6% of their body weight during the experimental period. Every day, 20%
of the water in the ponds was changed. The chemical composition of the diets used in this
experiment is presented in Table 1.

Water quality measurements

During the experimental period, the water variables were assessed daily using A
Hanna HI-9147 automated probe following the method of APHA (2012). The water

Table 1 The components

and chemical content of each Ingredient 8 /kg diet

prepared diet Fish meal (CP 72%) 110.00
Soybean meal (CP 48% ) 360.00
Rice bran 200.00
Wheat bran 200.00
Yellow corn 60.00
Fish oil 15.00
Soybean oil 15.00
Molasses 20.00
Dicalcium phosphate 10.00
Vit and Min premix” 10
Total 1000
Chemical analysis (DM bsis)
Dry matter 91.40
Crude protein 30.20
Crude fat 8.18
Ash 7.22

*Vitamin and mineral premix free selenium: vitamin D3, 0.6 million
IU; vitamin A, 3.7 million IU; vitamin E, 3 g; vitamin K, 0.7 g; vita-
min BI, 0.3 g; vitamin Riboflavin, 1.3 g; vitamin B6, 0.5 g; vitamin
B12, 3 mg; pantothenic acid, 4 g; nicotinic acid, 8 g; folic acid, 0.4 g;
biotin, 20 mg, Mn, 22g; Zn, 22g; Fe, 12g; Cu, 4g; I, 0.4g; and Co, 4.8
mg
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temperature, salinity, pH, dissolved oxygen, and NH4Jr were 26.87+0.12 °C, 2.03+0.03,
ppt, 7.80+0.00, 5.93+0.02 mg/L and 0.3440.00, respectively.

Growth performance assays

After 60 days of feeding trial, all fish groups were weighed to assess the growth indices
and feed utilization following equations:

Weight gain(g) = W2-W1
Weight gain% = 100(W2-W1)/W1,

Specific growth rate (SGR;%g/day) = 100[Ln W2 (g)-Ln W1 (g)| /T;

Where W2 is the final weight (g), W1 is the initial weight (g), and T is the trial
period (day)

Feed conversion ratio (FCR) = feed intake/WG(g);

Fish survival (%) = 100(final fish number /initial fish number).

The W1 and W2 were initial and final body weights (g), and d expressed the days
of experiment. Feed intake (g/fish): The amounts of feed expended during the inves-
tigational period/fish (g). FCR (feed conversion ratio) was calculated according to the
weight gain and the feed intake (g feed/ g gain).

Histological studies

At the conclusion of the experiment, the hepatopancreas and intestine specimens were
fixed in 10% neutral buffered formalin for 24 h. Tissue sections were then processed by
passing them through ethyl alcohols and xylene, infiltrating them with paraplast wax
(melting point 56°C), embedding them in blocks, cutting them with a rotary microtome
(Leica, UK) to a thickness of 4 pm, obtaining ribbons, staining the prepared slides with
hematoxylin and eosin dyes, dehydrating, clearing, and finally photographing them. Bar
graphs were generated to show measurements of intestinal villi following the method
outlined by Genten et al. (2009) and Bancroft and Gamble (2008).

Blood sample analysis

For serum collection, fish (n=3) from each tank were anesthetized with 100 mg/L tric-
aine methane sulfonate (MS-222). Blood samples were collected from the caudal artery
using heparinized tubes. The tubes were kept at room temperature for 1 h to allow for
serum separation, and after which the specimens were centrifuged at 3500 g for 15
min at 4 °C. The fish serum was then aliquoted and stored at —20 pending biochemical
examinations.
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Serum metabolites analysis

Serum metabolites of fish in treated and non-treated groups were assessed. Protein frac-
tion including total protein (TP) and albumin (ALB) levels in serum were measured
spectrophotometrically, while globulin (GLO) levels were determined by the total pro-
tein/albumin subscription. The standard protocol of Reitman and Frankel (1957) was
used to assess the liver enzyme activity in fish blood serum, including ALP (alkaline
phosphatase), AST (aspartate aminotransferase), and ALT (alanine aminotransferase).
The antioxidant-related variables such as superoxide dismutase (SOD) and catalase
(CAT) were assessed following the protocol as described by McCord and Fridovich
(1969) and Aebi (1984), respectively. Malondialdehyde (MDA) was identified as a
biomarker of lipid peroxidation using a thiobarbituric acid reaction according to the
procedure of Ohkawa et al. (1979). The activity of glutathione peroxidase (GPx) was
determined using the methyl catechol reaction (Paglia and Valentine 1967). Hemolymph
lysozyme activity was assessed using the turbidimetric approach reported by Eng-
stad et al. (1992). Immunoglobulins M (IgM) in fish serum were assessed following
the method of Magnadéttir (1998). All tests were conducted using a spectrophotometer
(Spectro UV-Vis Auto, UV-2602; USA), and the commercial kits were obtained from
Biodiagnostic Company (Giza, Egypt) and utilized in accordance with the manufactur-
er’s guidelines.

Gene expression

Total RNA was isolated from 50 mg of liver tissue from each experimental group using
the RNA purification kit (Thermo Fisher Scientific, USA) according to the manufacturer’s
instructions. The purity of the extracted RNA was assessed by measuring the absorbance
ratio at 260 nm and 280 nm using a Nanodrop Lite spectrophotometer (Thermo Scien-
tific, USA). Subsequently, cDNA was synthesized from 1 pg of RNA using the SuperScript
III First-Strand Synthesis System (Invitrogen, USA) and Oligo-dT primers, following the
manufacturer’s protocol. The cDNA samples were then stored at —20°C until further use.
The product size, slope, efficiency, and NCBI GenBank accession numbers of the genes
analyzed are provided in Table 2. Primers of Nile tilapia (Oreochromis niloticus) were used
to amplify those of red tilapia (Oreochromis sp.) according to Eissa et al. (2024). Beta-
actin (p-actin) was employed as a reference gene to normalize the mRNA expression levels
of these genes. To quantify the relative changes in gene transcription, the mRNA expres-
sion levels of superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase
(GPx)-associated genes were analyzed using qPCR (Table 2). The experiment employed
the SensiFast SYBR Lo-Rox kit (Bioline, London, UK). The thermal cycle conditions for
the reaction were adjusted as follows: 10 min at 95 °C, 40 cycles at 95 °C for 15 s, 30 min
at 60 °C, and finally 5 min at 85 °C. The transcription levels were standardized to p-actin
gene according to the 2742T method (Schmittgen and Livak 2008).

Statistical analysis

The statistical analyses were carried out using the SPSS statistics package version 16. One-
way analysis of variance (ANOVA) was used to statistically evaluate the data. Duncan’s
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Table 2 Sequence of forward and reverse primers used for g-PCR analysis

Gene  Primer sequence GenBank Accession No. Slope  Efficiency % Product
size
(bp)
SOD  F:GGTGCCCTGGAGCCCTA XM_003449940.5 —3.401 96.80 371
R:ATGCGAAGTCTTCCACTGTC
CAT F:CCCAGCTCTTCATCCAGAAAC XM_019361816.2 -335 99.25 103
R:GCCTCCGCATTGTACTTCTT
GPx F:CCAAGAGAACTGCAAGAA NM_001279711.1 —3.34 98.84 237
CGA
R:CAGGACACGTCATTCCTACAC
B-actin F:CAGCAAGCAGGAGTACGA XM_003443127.5 -3.33  99.66 136
TGAG
R:TGTGTGGTGTGTGGTTGT
TTTG

F, forward; SOD, superoxide dismutase; CAT, catalase; GPx, glutathione peroxidase; R, reverse, and p-actin
acts as the reference gene

multiple range test (Duncan 1955) was used to determine the significant difference between
means at the 95% confidence level.

Results

Effects on growth performance

All treated fish groups had a greater final body weight compared to the TO group (P<0.05),
with the maximum increase seen with the addition of 0.8 g/kg of diet (Table 3). The weight

Table 3 Changes in growth indices and feed efficiency of red tilapia after feeding diets with various levels
of curcumin (0, 0.4, 0.6, and 0.8 g/kg diet) for 60 days

Parameters Experimental groups

TO T0.4 T0.6 T0.8
Initial fish Weight(g) 19.07+0.09 19.13+0.09 19.13+0.12 19.10+0.06
Final fish weight (g) 46.60+0.72° 52.67+0.73° 54.47+0.56° 56.83+0.39*
Weight gain 27.53+0.64¢ 33.53+0.64¢ 35.33+0.46° 37.73+0.34*
Weight gain % 144.38+2.81¢ 175.24+2.53° 184.66:£1.70° 197.55+1.22*
(SGR; %/fish/day) 1.4940.02¢ 1.69+0.01¢ 1.7440.01° 1.82+0.01°
Feed intake 45.76+0.21° 45.92+0.21* 45.92+0.29* 45.84+0.14*
FCR 1.66:0.03° 1.37+0.02° 1.3040.01° 1.2240.01¢
Initial fish number 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00
Fish final number 98.00+0.58° 99.67+0.33% 99.33+0.67° 99.00+1.00*
Survival rate 98.00+0.58° 99.67+0.33% 99.33+0.67° 99.00£1.00°

Data are expressed as mean + SE. ¢ Means in the same column with different superscripts are signifi-
cantly different (P < 0.05)
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gain and its percentages were significantly improved by the inclusion of curcumin in the
diet, and this improvement was dose-dependent (P<0.05). Curcumin supplementation did
not affect feed intake, fish final number, or survival rate (P>0.05). The specific growth rate
(SGR) was considerably increased, while the FCR (feed conversion ratio) was substantially
decreased with curcumin supplementation (P<0.05).

Histological findings

In the hepatopancreas samples, the histological structures of the hepatic cells in the hepatic
cords and the endothelium surrounding the central hepatic vein were improved. Addition-
ally, the pancreatic ducts showed improvements in pancreatic lumens, hepatocytes, hepatic
cords, and blood sinusoids as shown in all curcumin-supplemented groups. There was a
decrease in melano-macrophages in the T0.6 (Fig. 1C), T0.8 (Fig. 1D), and T0.4 (Fig. 1B)
groups compared to the control group TO (Fig. 1A).

Regarding the intestinal samples, the histological structures of the columnar epithelial
cells lining the villi with a mucosa layer were improved. The length and width of the vil-
lus (Fig. 2) were increased in the T0.6 group followed by the T0.8 group. There was an
enhancement in the architecture general of the intestine which increased the surface area
for absorption, due to the presence of curcumin in the diet of the T0.6 (Fig. 3B, C), T0.8
(Fig. 3D), and T0.4 (Fig. 3B) groups, which compared to the control group TO (Fig. 3A).

/' 50 pym | ; T o50pm.

HC

50pm . HC 7 s0pme

Fig. 1 A-D The hepatopancreas micrograph for four experimental groups of red tilapia; TO (A), T0.4 (B),
T0.6 (C), and T0.8 (D). The pancreatic (P), hepatic cords (HC), hepatic sinusoids (S), inflammatory mel-
ano-macrophage cells (asterisks), and hepatic Kupffer cells (red arrows) were noticed, H&E, and scale bar
50 pm
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Fig.2 A and B The intestinal parameters for four experimental groups of red tilapia; villus length (A) and
villus width (B). The fish groups were represented as control group (T0.0 group), T1 (T0.4 group), T2
(T0.6 group), and T3 (T0.8 group). Each bar explained as means + standard errors, n=3 for each fish group,
the different subscribe letters (a, b) for significantly (P<0.05) in villus length and not significant in villus
width (P>0.05)

Blood parameters
Effects on serum metabolites

AST and ALT levels were significantly decreased by the addition of dietary curcumin
(P < 0.05; Table 4). The T0.08 group had the lowest values for AST and ALT compared
to the other groups (P < 0.05). ALP levels were similar in the T0.04 and control groups
(P > 0.05), while both the T0.6 and T0.8 groups had lower ALP values compared to
the other groups (P < 0.05). Although the addition of curcumin significantly improved
protein fraction (total protein, globulin, and albumin), the T0.8 group had the highest
values for total protein and albumin compared to the other groups (P < 0.05).

Effects on serum oxidative stress

In terms of oxidative stress, both the T0.6 and T0.8 groups significantly decreased MDA
levels compared to the other groups (P < 0.05; Table 4). MDA levels were similar in
the T0.4 and control groups (P > 0.05). All antioxidant-related indices (CAT, GPx, and
SOD) were higher in the curcumin groups compared to the basal diet (P < 0.05). The
best results for SOD, GPx, and CAT were observed in the T0.8 group (P < 0.05).
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Fig.3 A-D The intestine layers micrograph for four experimental groups of red tilapia; TO (A), T0.4 (B),
T0.6 (C), and T0.8 (D). Serosa layer (SL), muscularis layer (MuL), submucosa layer (SmL), mucosa layer
(ML), and intestinal tract (IT) were showed; H&E, and scale bar 50 pm

Effects on serum immune response

In terms of the immune response, curcumin supplementation considerably improved IgM
levels (P < 0.05; Table 4). The addition of 0.8 g of curcumin had the greatest effect on
increasing IgM levels in fish serum (P < 0.05). Lysosome activity in fish serum was sig-
nificantly enhanced by the addition of 0.6 and 0.8 g of curcumin per kg of diet (P < 0.05).
The T0.4 group also increased lysosome activity compared to the control diet (P < 0.05).

Antioxidative-related genes

The current results revealed that the expression of antioxidative-related genes, namely
superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx), in the
hepatic tissue of red tilapia was significantly modulated by dietary curcumin supplemen-
tation (P<0.05). Compared to the control group, the expression of these genes was sig-
nificantly enhanced (P<0.05) with increasing curcumin levels up to 0.80 g kg™' of diet
(Fig. 4A-C). Fish groups fed with 0.80 g kg™' curcumin-incorporated diet demonstrated
the highest values (P<0.05) for SOD, CAT, and GPx compared to those in the control
group, followed by fish groups fed in the T0.6 group, and then the TO.4 group, respectively
(Fig. 4A—C). Overall, curcumin addition boosted the expression of antioxidative-related
genes in fish hepatic tissues (P<0.05).
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Table 4 Changes in serum metabolites, redox status, and immune response of red tilapia after feeding diets
with various levels of curcumin (0, 0.4, 0.6, and 0.8 g/kg diet) for 60 days

Parameters' Experimental groups
TO T0.4 T0.6 TO0.8
Serum metabolites
AST (TU/L) 80.51+0.28% 77.44+0.53° 76.24+0.23¢ 74.96:+0.22¢
ALT (IU/L) 8.43+0.07° 8.19+0.07° 7.84+0.03¢ 7.55+0.064
ALP (IU/L) 31.60+0.10* 31.0940.13% 30.37+0.29° 30.29+0.08°
Albumin (g/dL) 1.46+0.04¢ 1.73+0.03° 1.9940.05° 2.13+0.02%
Globulin (g/dL) 1.7840.03¢ 2.05+0.03° 2.21+0.03* 2.27+0.02%
Total protein (g/dL) 3.24+0.07¢ 3.79+0.06° 4.2140.06° 4.40+0.01*
Redox status
MDA (nmol/dL) 2.08+0.03° 2.01+0.01* 1.89+0.02° 1.86:+0.02°
SOD (IU/L) 13.34+0.12¢ 14.64+0.04° 15.41+0.07° 16.23+0.34°
CAT (IU/L) 10.38+0.05¢ 11.33+0.02¢ 11.94+0.09° 12.38+0.11°
GPx (IU/L) 19.73+0.13¢ 21.55+0.17° 22.74+0.09° 23.40+0.10%
Immune response
LYZ (ug/mL) 1.38+0.06° 1.70+0.04° 1.88+0.01° 1.91+0.03*
IgM (mg/mL) 19.36+0.09¢ 20.31+0.10¢ 21.45+0.04° 21.82+0.03*

! Aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), malondi-
aldehyde (MDA), superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx). Data are
expressed as mean + SE. *¢ Means in the same column with different superscripts are significantly differ-

ent (P < 0.05)

Fig.4 A—C The mRNA expres-
sion of antioxidative-related
genes SOD (A), CAT (B), and
GPx (C) in hepatic tissues of
red tilapia fed diet with various
levels of curcumin 0 (TO), 0.4
(T0.4), 0.6 (T0.6), and 0.8 (T0.8)

g/kg diet
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Discussion

With the growing concern for stress in aquatic animal aquaculture, there is an urgent need
for innovative approaches to ensure both desired production and optimal animal welfare
(Radwan et al. 2023). Nutraceuticals have recently been used as growth promoters in
aquatic fish production, with curcumin being one of the most applied phytochemicals for
this purpose. In this study, we observed that the addition of curcumin to the diets of red
tilapia fish significantly improved growth performance, feed efficiency, and health status.
This improvement was attributed to the ability of curcumin to enhance antioxidant capac-
ity, boost immunity, and alter serum metabolites in red tilapia. Dietary curcumin dramati-
cally improved the growth indices and blood antioxidative profiles. Growth metrics were
considerably improved in all curcumin-supplemented groups when compared to untreated
group. These findings are supported by Eissa et al. (2022), who discovered that adding cur-
cumin to Oreochromis niloticus diets led to a considerable increase in growth performance
in tilapia fish. Additionally, Mahmoud et al. (2017) discovered that varying doses of cur-
cumin significantly enhanced growth performance and feed consumption in tilapia fish as
informed in the current research.

In the present study, the tissue structure of the hepatopancreas and intestine in red tilapia
was shown to be significantly improved in the curcumin-diet fish (T0.6 and T0.8 groups)
compared to the control group (TO). Because of curcumin’s antioxidant and hepatoprotec-
tive attributes, liver enzymes were found in lower amounts in the fish-fed curcumin com-
pared to the control group (TO) in the current study. The liver enzymes ALT, AST, and
ALP are indicators of liver health and are raised in the presence of liver dysfunction (Javed
et al. 2016). Curcumin works by dilating blood vessels, increasing the blood flow and oxy-
gen supply to the muscle tissues (Abdel-Tawwab et al. 2022; Alagawany et al. 2021). It
also reduces cell inflammation and protects tissues of red tilapia. Much research has shown
that curcumin and nanocurcumin in the diet enhanced the histological impacts in aquatic
animals, which is consistent with our findings (Eissa et al. 2022; Xavier et al. 2022; Eissa
et al. 2023). Curcumin has been identified as an anti-inflammatory compound (Calder
2013; Eissa et al. 2022), with protective effects against inflammatory diseases as well as
inhibition of the NF-kB protein complex, which is involved in the synthesis of oxidative
stress and inflammatory indices (Zhao et al. 2005). Curcumin is a polyphenolic substance
isolated from turmeric that may act as a growth booster for beneficial gut bacteria (like
prebiotics), while inhibiting the growth of harmful bacteria (Gessner et al. 2017). There
have been numerous studies on the use of curcumin as a feed supplement in the diets of
various fish species (Baldissera et al. 2018; Abdel-Tawwab et al. 2022).

In this study, the immunological components in the blood (lysozyme, IgM, albumin,
globulin, and total protein) were shown to be higher in the curcumin-fed fish than in the
control group. Antioxidant enzymes (SOD, CAT, and GPx) were significantly greater
in curcumin-supplemented fish compared to the control group. Several research have
shown that curcumin stimulates the immune system in fish, which is consistent with
our findings (Xia et al. 2015; Elgendy et al. 2016; Li et al. 2022; Eissa et al. 2023).
Improving the antioxidant status of aquatic animals is critical for promoting growth
and feed utilization, indicating the overall good health status of fish. Data on the effects
of curcumin incorporation on red tilapia growth and hepatic antioxidant genes (SOD,
CAT, and GPx) expression are still scarce. In this research, we found a significant
improvement in the antioxidant status at the molecular level in red tilapia-fed diets with
curcumin. This can be attributed to the immuno-stimulating and antioxidative properties
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as well as the hepatoprotective role of curcumin in fish by targeting multiple signal
molecules and exerting activity at the cellular level (Gupta et al. 2013; Yonar et al. 2019).
These data are consistent with the study by Jiang et al. (2016) who observed an increase in
the relative mRNA expression of SOD, CAT, and GPx in crucian carp Carassius auratus
after curcumin supplementation in their diets. They also mentioned that curcumin enhanced
the digestion, growth, and antioxidants responses of carp. Similar findings were reported
in bluegill sunfish (Elabd et al. 2016) and yellow perch (Elabd et al. 2017). Moreover,
El-Abd et al. (2021) indicated that the antioxidative status of Nile tilapia (Oreochromis
niloticus) was noticeably enhanced by the supplementation of dietary curcumin. Further,
Xavier et al. (2022) noted that the expression of antioxidant defense genes (GPx, CAT,
and SOD) of gilthead seabream post-larvae was upregulated due to the incorporation of
curcumin in their diet which help to improve their health status and ameliorate their total
antioxidant capacity. On the other hand, Aksakal et al. (2021) also demonstrated that
incorporating “royal jelly,” a nutrient-rich bee product with antioxidative and antibiotic
effects (Melliou and Chinou 2005; Nagai et al. 2006), in the diets of zebrafish modulated
the mRNA expression of SOD, CAT, and GPX, genes by exhibiting a significant increase
in liver, kidney, and muscles tissues among experimental fish groups compared to control.
Incorporating of curcumin at a level of 0.80 g kg™ in fish diet can enhance the antioxidant
status of red tilapia and improve the expression of its antioxidative-related genes. This
supplementation presents a promising approach to enhance fish health, growth, and overall
well-being. The benefits of curcumin include improved disease resistance, antioxidant
capacity, and potential anti-carcinogenic effects, making it a valuable tool for sustainable
aquaculture practices. Further research is needed to understand the optimal dosage and
potential interactions with other dietary components, but curcumin holds significant
potential for shaping the future of fish farming.

Conclusion

This study assessed the potential effects of four doses (0.40, 0.60, and 0.80 g/kg diet) of
curcumin on red tilapia (Oreochromis sp.). The results indicated that dietary curcumin
enhanced growth performance, feed utilization, histological structure, redox state, bio-
chemical parameters, immune response, metabolic parameters, and antioxidant-related
genes. These findings suggest that curcumin could serve as a beneficial dietary supplement
for red tilapia, with recommended inclusion levels between 0.60 and 0.80 g/kg diet.
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