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curcumin nanoparticles on performance,
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Abstract

Context Recently, prioritize has been given to using natural phytogenic or nano compounds as growth promoters
and immunostimulants in fish diets as an alternative to antibiotics.

Aims The main propose of this trial was to determine the impact of supplementing diets with spirulina or curcumin
nanoparticles on the performance and health indicators of Nile tilapia fingerlings.

Methods In a 56-day feeding trial, 180 tilapia fingerlings were assigned into three main groups, as follows: 1st,
control group, 2nd, Spirulina platensis (SP; 5 g kg'1 diet) and 3rd, curcumin nanoparticles (CUR-NPs; 30 mg kg'1 diet).
Key results Incorporating tilapia diets with SP or CUR-NPs significantly improved performance, body chemical
analysis, blood biochemical and hematological indices, digestive enzyme activities, and antioxidant and
immunostimulant features compared to the control.

Conclusion Fortified tilapia diets with CUR-NPs or SP efficiently boost the productivity and health of Nile tilapia
fingerlings.

Implications The research introduces new practical solutions for applying safe feed additives as alternatives to
antibiotics in tilapia farming.
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Introduction

Nile tilapia (Oreochromis niloticus) is the third-most
cultivated fish species in aquaculture, behind grass carp
and silver carp [1]. In Africa, both in its native habitat
and farmed areas, it is typically the most valuable fish
species captured from both inland fisheries and aqua-
culture mass production [2—4]. Especially in developing
countries, Oreochromis niloticus is ideal for intensive or
extensive aquaculture systems, due to its rapid growth,
tolerance of a wide range of ecological conditions, resis-
tance to diseases and stress, ability to reproduce under
captive conditions, short generation time, low-trophic
feeding, and acceptance of artificial feeds [5, 6]. Intensive
tilapia farming encourages disease outbreaks [7]. In par-
ticular, environmental factors, fish health, and pathogen
variables impact the immune system, enabling pathogens
to spread diseases [8].

Recently, there has been a growing interest in employ-
ing natural phytogenic compounds as growth promot-
ers and antimicrobials in aquatic animal diets [9-11] in
order to minimize the application of antibiotics that lead
to resistant strains of bacteria [12, 13], as well as their
accumulation in edible tissues [14, 15]. Synthetic or natu-
ral immunostimulants (such as, glucans, probiotics, trace
elements, cytokines, hormones, and products derived
from animals, algae, and herbs) can effectively stimulate
fish growth, immunological response, and resistance to
environmental stressors [16]. However, the administra-
tion of hormones, vitamins, and chemical products is
frequently not recommended because they could cause
adverse reactions in fish health and generate potentially
hazardous residues for consumers [17-19]. Set against
this, plant-based constituents might be successful vac-
cinations instead of common drugs and antibiotics since
they provide physiologically active secondary metabolites
that are easily accessible, cheap, and nontoxic [20, 21].

Curcumin (CUR), known as diferuloylmethane, is
a polyphenolic and hydrophobic chemical substance
derived from the plant Curcuma longa [22]. Nutrition-
ally, the CUR dried powder contains 60-70% carbohy-
drates, 3—6% fiber, 3—6% terpenes and terpenoids, 6—10%
fat, and 6-8% protein [23, 24]. Curcumin continues to
attract a lot of interest in aquaculture owing to the vast
range of pharmacological characteristics it shows, such
as its anti-lipid-accumulation, anticancer, antioxidant,
anti-inflammatory, and antiviral features [12, 25, 26].
A recent investigation has revealed that incorporating
curcumin into the Nile tilapia diet may promote growth
and boost resistance against bacterial diseases [2, 27].
Moreover, dietary CUR intake may improve rainbow
trout (Oncorhynchus mykiss) immunological function,
performance, and antioxidant capacity [28]. Moreover,
CUR may diminish the liver damage and apoptosis that
chlorpyrifos causes in largemouth bass (Micropterus
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salmoides) [29]. Despite its benefits, CUR does have some
drawbacks, such as the fact that it is weakly absorbed
by the body because of its limited aqueous solubility,
also known as hydrophobic, and unbalanced molecular
assembly and that different species and sexes have differ-
ent levels of bioavailability or utilization [30]. To boost its
bioavailability and solubility, lipophilic curcumin can be
transformed into nanoparticles, as has been amply dem-
onstrated [31]. In comparison to the standard form of the
molecule, nano curcumin demonstrated improved solu-
bility and absorption rates [32, 33]. According to a prior
study, consuming feed supplemented with 0.2% nano
curcumin significantly enhanced the mucosal immune
system, antioxidant capacities, and glucose homeosta-
sis in the largemouth seabass [34]. Meanwhile, supple-
menting Nile tilapia diets with curcumin nanoparticles
enhanced antioxidant capability, humoral immunity,
hepatic and intestinal histology, as well as other blood
biochemical measurements [2]. Nonetheless, further
research is necessary to determine the effect of nano-cur-
cumin on performance and general health status of Nile
tilapia fingerlings.

In freshwater and marine environments, microalgae are
referred to as filamentous organisms [35]. They have been
utilized for nutrition and animal feeding for a very long
time [36, 37]. Spirulina, Arthrospira platensis, a filamen-
tous cyanobacterium, is known as a blue-green microalga
and has a highly nutritious profile with 60-70% vitamins
and proteins [38]. Moreover, it was found to be a trust-
worthy supplier of protein for farmed fish [39]. In addi-
tion to basic protein, amino acids, B vitamins (mainly
riboflavin), polyunsaturated fatty acids (PUFA), chloro-
phyll, necessary minerals (particularly iron), carotenoids,
minerals, and other nutritional components, spirulina
also includes two pigments called phycocyanin and allo-
phycocyanin [40, 41]. Spirulina has been shown to per-
form effectively with tilapia at up to 40% of their protein
requirements, or around 12% of the overall diet, although
higher amounts seem to influence palatability [42]. Thus,
spirulina is usually utilized at lower rates, ranging from
0.5 to 3% of the entire diet, to improve coloring, fertil-
ity, and immune system function [43]. Several recent
investigations revealed the efficacy of Spirulina supple-
mentation in promoting Nile tilapia growth performance,
immunological reactivity, and resistance to infections
[44—47]. Moreover, S. platensis has been displayed to
boost the immunity system and illness struggle of the
African catfish (Clarias gariepinus) [48], due to the pig-
ments’ presence, which has antioxidative benefits and the
ability to eliminate free radicals.

Therefore, the current trial aimed to determine the
effect of incorporating S. platensis or curcumin nanopar-
ticles on the performance, redox status, organ histology,
blood hematological and biochemical indices, digestive
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enzyme activities, and immunological responses of Nile
tilapia fingerlings.

Materials and methods

Preparation of curcumin nanoparticles (CUR-NPs)

With a few modest modifications, a method was used
to create CUR-NPs using a syringe pump that included
antisolvent [49]. Dichloromethane was the organic sol-
vent used [50]. The first curcumin solution (240 mg)
was dissolved into 40 mL of dichloromethane and put
into a syringe (20 mL) before being injected (10 mL per
min) at a 1:12 ratio into the antisolvent/deionized water
while being agitated magnetically (one kg) for two hours
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at 1200 rpm. Then, the NPs were created utilizing a dry
procedure by vacuum and filtered. The generated CUR-
NPs powder was redissolved in deionized water at the
required examining dosage (30 mg/mL CUR-NPs). The
CUR-NPs dimension was calculated by employing a Zeta
sizer (Malvern Instruments, Zeta sizer nano series Nano-
s, UK). The average particle diameter was 82.7%+11.1
(Fig. 1).

Dietary feeding preparation

Based on the nutritional demands of fish, three isocaloric
(3000 Kcal DE/kg) and isonitrogenous (32%) diets have
been created to suit the dietary needs of Nile tilapia [51].

100 nm

HV=80.0kV

Direct Mag: 60000x
AMT Camera System

Fig. 1 ATEM image of curcumin nanoparticles reveals spherical particles of various sizes and few aggregations, Scale bar =82.7+11.1 nm
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In this study, three different types of diets were employed
as dietary groups: a control diet with no feed additives, a
diet containing CUR-NPs (30 mg kg ™) [2], and a diet con-
taining SP (S. platensis; 5 g kg'') [52]. The diet ingredients
of the control and supplemented groups as well as their
proximate chemical composition are shown in (Table 1).
The formulated diets were thoroughly mixed with dis-
tilled water (400 g kg diet) and pellets were prepared
using a moist pellet machine without drying to obtain
sinking pellets that could float in water. The pellets were
air-dried to a moisture content of about 10%, and then
remained in plastic bags and preserved in the refrigerator
(-20 °C) until use.

Rearing fish

The experimental fish were bought from a private fish
hatchery located in Kafr El-Shiekh Governorate, Egypt,
and then delivered via plastic bags to the fish diseases
and management laboratory at Mansoura University.
During two weeks, 180 mono-sex Nile tilapia fingerlings

Table 1 Composition and proximate analysis of control and
supplemented diets (% dry matter) of Nile Tilapia with curcumin
nanoparticles (CUR-NPs) and Spirulina platensis (SP) for 56 days

Ingredients Control CUR-NPs  SP
Fish meal (CP 72%) 110 110 110
Soybean meal (CP 48%) 360 360 360
Rice bran 200 200 200
Wheat bran 200 200 200
Yellow corn 60 59.97 55
Nano curcumin 0.03
Spirulina — 5
Fish Oil 15 15 15
Soybean Oil 15 15 15
Molasses 20 20 20
Dicalcium phosphate 10 10 10
Vitamins ' & Minerals 2 premix 10 10 10
Total 1000 1000 1000
Proximate analysis (% dry matter basis)

Dry matter 91.5 91.48 9142
Crude Protein (CP) 30.29 30.28 30.32
Crude Fat 8.17 8.16 8.17
Crude Fiber 6.62 6.61 6.61
Carbon-free nitrogen extract (NFE)? 477 4771 477
Ash 723 7.21 7.22
Gross energy (GE, MJ/Kg diet)® 1857 18.57 18.58

"Vitamin premix (per kg of premix): thiamine, 2.5 g; riboflavin, 2.5 g; pyridoxine,
2.0 g; inositol, 100.0 g; biotin, 0.3 g; pantothenic acid, 100.0 g; folic acid,
0.75 g; para-aminobenzoic acid, 2.5 g; choline, 200.0 g; nicotinic acid, 10.0 g;
cyanocobalamin, 0.005 g; a-tocopherol acetate, 20.1 g; menadione, 2.0 g; retinol
palmitate, 100,000 IU; cholecalciferol, 500,000 U

2 Mineral premix (g/kg of premix): CaHPO,,. 2H,0,727.2; MgCO,.7H,0, 127.5; KCl
50.0; NaCl, 60.0; FeC4H;0,.3H,0, 25.0; ZnCO;, 5.5; MnCl,. 4H,0, 2.5; Cu (OAc),.
H,0, 0.785; CoCl3.6H,0, 0.477; CalO;. 6H,0, 0.295; CrCl;. 6H,0, 0.128; AlCl;.6H,0,
0.54; Na,Se0s;, 0.03. CP; Crude protein

3Gross energy (GE) was calculated from NRC (2011) as 23.6 kJ/g, 39.4 kJ/g, and
17.2 kJ/g for protein, lipid, and carbohydrates, respectively
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(10+£0.5 g each) were kept so they could become accli-
mated to the laboratory environment. During the accli-
mation period, fish were given the control diet 3 times/
day, with 30% crude protein (CP) until apparent satia-
tion. Following acclimatization, the fish were divided
into three equal groups (20 fish in each 100-L tank) in
three replicates. The first group was provided the stan-
dard diet and acted as the control group, while the other
two groups received diets supplemented with 30 mg kg™
CUR-NPs or 5 g kg 'Spirulina platensis (SP). The feeding
experiment was prolonged for 56 days.

Air pumps and air stones were employed to provide
oxygen to the tank water. Throughout the feeding trial
period, the fish were given feed three times each day at
4-hour intervals (at 9:00, 13:00 and 17:00 h). Each tank’s
trash was removed daily, with half of it being disposed of
in freshwater.

Throughout the study, fluorescent light cylinders were
employed to keep a twelve-hour cycle of dark and light
going. Unionized ammonia levels were checked twice a
day through an automated probe (Hanna HI-9147). The
water temperature, pH, and dissolved oxygen levels were
estimated daily using particular portable equipment to
be kept within acceptable range for tilapia production
as ascribed by Boydand Tucker [53], as follows: 27.0—
29.2 °C, 6.2—-6.9 mg/L, and 7.95-8.37 mg/L, respectively.

Samples collecting and preparing the homogenate tissues
The feeding study included sampling fish 24 h after they
had last eaten. Five fish from every group were anesthe-
tized with 60 mg/L of clove oil. The caudal blood vessels
of each fish were used to collect blood samples [54]. A
single blood sample was taken using disposable syringes
having a dipotassium EDTA solution for hematological
indices assay. Centrifugation at 3000 g min. at 4 °C for
15 min was used to separate the serum from the other
blood sample. The serum was then maintained at -20 °C
for blood biochemistry, immunological, and antioxi-
dant indices examination. Non-heparinized disposable
syringes were applied to pick up this sample of blood.
The fish belly was dissected to get the organs (gills, intes-
tine, stomach, kidney, and liver) following Pirarat et al.
[55] procedure.

Growth and feed variables, and survival percentage

After the trial, fish were taken out of each tank, num-
bered, and weighed. The formulas described below were
utilized to construct the factors affecting fish growth and
feed efficiency indices [5, 56]:

Weight gain percentage (WGQG)
= 100 x (Wy — —Wy) /W)
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Specific growth rate (SGR; % g / day)
= 100 LnWy(g) — —LoW;(g)] /T

where W1 denotes the starting weight, W2 is the ending
weight, and T is the trial time (day).

FCR (Feed conversion ratio)

= feed consumptioning / WGing

Throughout the feeding trial period, the unconsumed
pellet was gently gathered from all tank bottoms after
30 min of handled feed. The exact feed intake amount
was calculated by subtracting the dry mass of uneaten
pellets from the calculated provided feed (FI). While, the
daily diet allowance for each fish group was changed rely-
ing on the control group feed intake from the day before.

Fishsurvival (%) =

(fish number at end of trial

/fish number at the start of trial)
x 100

Analyzing the composition of the whole body

Fish samples (n=8/group) were taken during the harvest-
ing period and stocking for the preliminary and conclu-
sive proximate carcass investigations, respectively. The
approved methods were used to perform the proximate
analysis according to previous investigations [57]. The
crude protein (CP) was quantified by Kjeldahl nitrogen,
and crude fat was determined by weighing the sample
after being extracted with petroleum ether (40-60 °C).
To determine the quantity of ash, dry samples were burnt
at 550 °C for 4 h in a muffle furnace.

Hematological investigations

Leukocytes and erythrocytes were physically numbered
after becoming diluted in Natt- Herrick’s solution [58].
These modified techniques were also used to assess
the indicators of red blood cells, packed cell volume,
and hemoglobin [59, 60]. Blood films were additionally
stained with Wright’s Giemsa to estimate the variation in
leukocytic count [58].

Serum biochemical analysis

Fish blood glucose levels were measured using a modified
technique stated by Wedemeyer and Yasutake [61]. Total
protein (TP; MBS9917835), albumin (MBS038444), ala-
nine aminotransferase (ALT; MBS019237), triglycerides
(MBS9719080), alkaline phosphatase (ALP; MBS033204),
were assessed spectrophotometrically using ELISA Kkits
(Lambda EZ201; Perkin Elmer) acquired form My-Bio-
Source Company (California, USA) while assessing the
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activity of cholesterol levels (EK12283), and aspartate
aminotransferase (AST; EK12276) were determined via
specific kits (Biotrend Co. Maryland, USA) following the
pamphlet guidelines. Moreover, the amount of uric acid
and creatinine were measured as previously mentioned
[61-63], respectively.

Immune assays

Evaluation of serum lysozyme action was done using
Micrococcus lysodeikticus lysis [64], with little modifi-
cations (Sigma Co., USA). Then the OD (optical den-
sity) was defined at 540 nm once per minute for 5 min.
Numerous dilutions of lyophilized chicken egg-white
lysozyme were exploited to build up a standard curve
to identify the serum lysozyme level (Sigma Co., USA).
The immunoglobulin M (IgM) levels in serum were
also tested following the manufacturer guidelines pur-
chased from Cusabio Co., Texas, USA, Catalog No.
CSB-E12045Fh).

Activity of intestinal digestive enzymes

Using the methods used in prior studies [65-67], the
intestinal homogenate supernatant’s amylase, lipase, and
protease enzyme activity were each measured.

Status of antioxidants and oxidative stress

The concentrations of four antioxidants from the serum
of each group were calculated, including glutathione per-
oxidase (GPx) enzyme, malondialdehyde (MDA) enzyme,
catalase (CAT), and superoxide dismutase (SOD) using
the approaches previously reported [68-72].

Histological examination

Gills, stomach, kidney, intestine, and liver specimens
were all well-kept in 10% neutral buffered formalin.
The tissues were subsequently subjected to ethanol and
xylene processing in escalating concentrations, sub-
merged in paraffin, and sliced into pieces measuring
4 pm thick using a rotary microtome [73]. The tissue
slices were stained with hematoxylin and eosin [74], and
the tissue was examined and captured on camera with a
light microscope (Olympus, Tokyo, Japan).

Analytical statistics

Using the SPSS°® program, version 26.0, statistical analysis
was performed (IBM Corporation, SPSS Statistics, USA).
The trial’s results were displayed as a standard error of
the mean (meanstSE). Levene’s test was used to initially
assess all data for variance, normality, and homogene-
ity. The mean values for each experimental group were
then compared using a one-way ANOVA and post-hoc
Duncan’s multiple range testing. The findings on diges-
tive, immunological, and antioxidant enzymes were
examined using one-way ANOVA with post-hoc Tukey’s
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Table 2 Growth performance and feed utilization of Nile tilapia-
fed diets supplemented with curcumin nanoparticles (CUR-NPs)
and Spirulina platensis (SP) for 56 days
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Table 4 Hematological parameters of Nile tilapia-fed diets
supplemented with curcumin nanoparticles (CUR-NPs) or
Spirulina platensis (SP) for 56 days

Parameters’ Control CUR-NPs SP P
value

Initial body 10.00+0.06 9.97+0.03 10.00+0.06 0.089

weight (g)

Final body 2477+025°  3585+143° 3743+163% 0021

weight (FBW, g)

Weight Gain (g)  14.77+028°  2588+146° 2743+169° 0014

Weight Gain % 147.67+138° 25967+132% 27457+148* 0.007

SGR (% day") 162+0.03° 2.28+0.08° 245+0.05° 0.024

Feedintake (g  3059+0.13° 3363+051* 34.13+037% 0.001

feed/fish)

FCR (9/9) 2074003  131+005°  1.25+006°  0.001

Fish biomass (g 495.33+4.91P 705.87+3.55" 74867+262° 0.002

fish)

Survival rate 100+£0.33 100+£0.67 100£0.31 0.061

(SR, %)

Walues are expressed as a standard error of the mean (means=+SE). Data in the
same row assigned with the different superscripts are significantly different
(p<0.05) using ANOVA Post Hoc (Duncan test). FCR, feed efficiency ratio; SGR,
specific growth rate; SR, survival rate

Table 3 Carcass proximate composition of Nile tilapia fed with
curcumin nanoparticles (CUR-NPs) or Spirulina platensis (SP) for
56 days

Compositions (g Control CUR-NPs SP P

kg )* value
DM (%) 2525+005¢ 2733+0.10° 27.01+005° 0001
Protein (%) 57.13+055° 59.63+006° 6094+008° 0014
Crude fat (%) 25494060 2437+£007 24611005 0.155
Ash (%) 14444005 1521+004° 1540+002° 0033

*Values are expressed as means+SE. Data in the same row assigned with the
different superscripts are significantly different (0 <0.05) using ANOVA Post Hoc
(Duncan test), DM; dry matter

multiple range testing (*P<0.05, **P<0.01; ***P<0.001).
The GraphPad Prism software (version 8.0) was utilized
to graphically display results.

Results

Impact of CUR-NPs and SP supplements on growth
performance, survival percentage, and feed utilization
indices

The growth characteristics, feed intake, and survival %
of fish diets supplemented by SP or CUR-NPs were sum-
marized in Table 2. Fish assigned diets containing SP
or CUR-NPs showed statistically significant increases
(P<0.05) in specific growth rate (SGR), weight gain
(W@G), weight gain percent (WG%), total consumed feed,
final body weight (FBW) and total fish biomass compared
to the control group. Whilst, both fish groups provided
supplemented diets (SP or CUR-NPs) had significantly
lower FCR (P<0.05) than the control group. On the other
hand, the survival rates in all examined groups were not
statistically different from one another.

Items* Control CUR-NPs SP Pvalue
RBCs (1x10°  3.12+005° 373+002° 3.64+008 0005
ul)

Hb (mg/dL) 7374042° 9374019 883+026° 0001
MCH (%) 2360+142 2514+061 2452+107 0245
Ht (%) 39.00+2.80° 50934023 4850+2.72% 0002
WBCs (x103ul)  18.13+094° 2207+1.12° 19.40+053%® <0.001
Lymphocytes  6537+0.74% 51.23+1.96° 5453+1.10°  <0.001
(%)

Neutrophils (%) 22.50+061° 3047+1.60% 2820+1.10°  <0.001
Monocytes (%)  1140+0.10° 19.20+0.51% 1830+1.10°  <0.001

*Values are expressed as means=*SE. Data in the same row assigned with the
different superscripts are significantly different (p<0.05) using ANOVA Post Hoc
(Duncan test). RBCs; Red blood cells, Hb; hemoglobin, MCV; mean corpuscular
volume, Ht; hematocrit and WBCs, white blood cells

A body chmical composition investigation’s response to
the addition of CUR-NPs or SP

Table 3 exhibits the body chemical analysis of O. niloti-
cus after being administered SP or CUR-NPs. Fish given
a diet enriched with CUR-NPs exhibited significantly
greater amounts of DM (dry matter) (P<0.05) than
those provided with the control diet. In the same tend,
supplemented diets with SP improved ash and protein
contents significantly (P<0.05) compared to other treat-
ment groups. In contrast, the experimental groups dem-
onstrated no significant differences in terms of crude fat
content.

Hematological analysis of CUR-NPs and SP
supplementation

Relative to the control fish group, fish given diets
enriched with SP and CUR-NPs exhibited a consider-
able improvement (P<0.05) in RBC count, Hb levels,
and Ht%. MCH, although they failed to show any sig-
nificant group differences. Furthermore, total leuko-
cyte (WBC) counts were significantly higher (2<0.05)
in the CUR-NPs-treated fish relative to the control and
SP treatments. Moreover, monocytes and neutrophils in
the SP and CUR-NPs groups were considerably increased
(P<0.001), but lymphocytes in the control fish were sig-
nificantly reduced (P<0.001), as shown in (Table 4).

Impact of serum biochemical variables after treatment
with SP and CUR-NPs

Table 5 displays the effects of SP or CUR-NPs-supple-
mented diets on the blood biochemistry parameters of
Nile tilapia fingerlings. In both supplemented groups
(SP or CUR-NPs addition), glucose and cholesterol levels
significantly decreased (P<0.05) compared to the con-
trol fish. Moreover, triglycerides, total protein, albumin
and globulin were considerably higher in the SP treat-
ment relative to the control and CUR-NPs treatments
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Table 5 Serum-biochemical parameters of Nile tilapia-fed
diets supplemented with curcumin nanoparticles (CUR-NPs) or
Spirulina platensis (SP) for 56 days

CUR-NPs SP P
value

Items* Control

Glucose (mg/dL) 113.80+508" 89.37+0.90° 9347+243° 0011

Total cholesterol 19267 +524% 180.17+2.37° 173.43+0.29° 0.007
(mg/dL)

Triglycerides 152.77+2.39° 147.53+367° 17043+243 <0.001
(mg/dL)

Total protein 409+004°  522+004> 577+003*  <0.001
(g/dD)

Albumin (g/dl)  2.36+0.01°  249+002°  2.77+002*  <0.001
Globulin (g/dL)  1.73+0.03¢  2.73+002°  3.00+001*  <0.001
AST (1IU/L) 1240+0.10°  12.13+0.09% 11.87+009° 0014
ALT (IU/L) 4187+091 42204090 3943+084 0876
ALP (IU/L) 312040.25° 3033+024° 2857+020° 0.041
Creatinine (mg/  1.75+0.10 1.81+0.03 181+£002 0097
db)

Uricacid (mg/  0.53+001 0.53+0.01 0524002 0371
db)

*Values are expressed as means+SE. Data in the same row assigned with the
different superscripts are significantly different (0 <0.05) using ANOVA Post Hoc
(Duncan test). ALT; alanine transaminase, ALP; alkaline phosphatase and AST;
aspartate aminotransferase

34 Fokok K
jE‘ * ok ok -T—
2 2 \\\
= \
3 \
S - \
N S
Cont Cu-NPs SP
*
30+ *k
E 20 N
()]
2 \
S 107 \
Cont Cu-NPs SP

Fig. 2 Impacts of CUR-NPs (30 mg kg™') or SP (5 g kg™') dietary supple-
mentation on Nile tilapia immune activities regarding lysozyme activity
(A), and Ig M levels (B). Data were presented as mean + SE (n=5). The one-
way ANOVA was used using Tukey's post hoc test to determine the signifi-
cant variance. *, **, *** **** yere significant differences at P<0.05, P<0.01
and P<0.001, P<0.0001, respectively. Three groups were named as; Cont.
control group, CUR-NPs and SP, dietary supplementation with curcumin
nano-particles or Spirulina platensis, respectively
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(P<0.001). Moreover, both SP and CUR-NPs groups
had significantly greater concentrations of total protein,
globulin, and albumin, compared with the control ones
(P<0.05). In contrast to the control group, both activi-
ties of ALP and AST were also reduced in both SP and
CUR-NPs treatments. While, no significant alterations
(P<0.05) were found regarding ALT, creatinine level, and
uric acid in the Nile tilapia serum for all experimental
groups.

Immune parameters are affected by the addition of CUR-
NPs and SP

As shown in Fig. 2, the addition of SP or CUR-NPs
remarkably increased fish immune responsive system, as
shown by a considerable increase in the activity of Ig M
(P<0.01) and lysozyme activity (P<0.001) in contrast to
those of the control ones.

Impacts of intestinal digestive enzyme activities upon
CUR-NPs and SP- supplements

Fish given a meal containing SP or CUR-NPs had sig-
nificantly stimulated (P<0.05 or 0.01) intestinal amylase,
protease, and lipase activities when compared to the con-
trol fish group (Fig. 3), demonstrating that CUR-NPs and
SP supplements are efficient in promoting fish digestion
process and feed efficiency.

Redox state after supplementing with CUR-NPs or SP
Figure 4 illustrates the impact of dietary supplementation
with CUR-NPs or SP-based diets on antioxidant status.
CUR-NPs or SP supplementation resulted in significantly
increased GPx (P<0.05 or 0.01) and SOD (P<0.01 or
0.001) activities compared to the control fish (Fig. 4A,
C). Conversely, supplementing diets with CUR-NPs or SP
significantly reduced MDA levels (P<0.01 or 0.001) com-
pared to the control group (Fig. 4D). Nevertheless, fish
fed with diets containing CUR-NPs showed significant
improvement in serum CAT (P<0.01) compared to the
SP treatment and control (Fig. 4B).

Impact of CUR-NPs or SP Supplements on the tissue
structure of fish gills, stomach, intestinal, hepatic and renal
tissues

The secondary lamellae of the gill in the control group
showed significant widespread hyperplasia of lamellar
epithelium (Fig. 5a). In the CUR-NPs group, the hyper-
plasia of the lamellar epithelium was less severe com-
pared to control (Fig. 5b). whereas, in the SP group, the
gills had moderate hyperplasia of gill epithelium (Fig. 5c).
Microscopy of the stomach in the control group revealed
focal leukocyte infiltration and fibrosis in the gastric sub-
mucosa (Fig. 5d). In the CUR-NPs group, the leukocyte
infiltration and fibrosis were less severe (Fig. 5e). While,
in the SP group, the stomach microscopy revealed mild
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Fig. 3 Impacts of CUR-NPs (30 mg kg™) or SP (5 g kg!) dietary supple-
mentation on Nile tilapia intestinal digestive enzymes activities regarding
amylase (A), lipase (B), and protease (C). Data were presented as mean + SE
(n=5).The one-way ANOVA was used using Tukey's post hoc test to deter-
mine the significant variance. *, ** were significant differences at P<0.05,
and P<0.01, respectively. Three groups were named as; Cont. control
group, CUR-NPs and SP, dietary supplementation with curcumin nano-
particles or Spirulina platensis, respectively

histopathological alteration with higher intensity of leu-
kocyte infiltration in the gastric submucosa (Fig. 5-f).
Microscopy of the intestine revealed focal leukocyte
infiltration in the submucosa and focal epithelial hyper-
plasia in the control group (Fig. 5-g). These lesions were
not observed in the CUR-NPs or SP groups (Fig. 5-h, i).
Hepatopancreatic microscopy showed mild periportal
leukocyte infiltration and moderate hepatocyte vacu-
olation in the control group (Fig. 5-j). In CUR-NPs or
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Fig. 4 Impacts of CUR-NPs (30 mg kg™") or SP (5 g kg™') dietary supple-
mentation on Nile tilapia antioxidant activities regarding (A) SOD, (B) CAT,
(C) GPX and (D) MDA. Data were presented as mean+SE (n=5). The one-
way ANOVA was used using Tukey’s post hoc test to determine the signifi-
cant variance. Ns, *, **, *** were significant differences at non-significant,
P<0.05,P<0.01 and P<0.001, respectively. Three groups were named as;
Cont. control group, CUR-NPs and SP, dietary supplementation with cur-
cumin nano-particles or Spirulina platensis, respectively

SP groups, the hepatocyte vacuolation was more severe
compared to the control group (Fig. 5-k, 1). Microscopy
of the kidney revealed normal structure in all investi-
gated groups (Fig. 5-m, n, o).

Discussion

Applying natural nutritional supplements in aquafeed is
an important technique for maintaining its sustainabil-
ity [75, 76]. Numerous herbal remedies have been uti-
lized in aquaculture and proven as growth promoters and
immunostimulants [10, 19, 45, 76-78]. The current study
results indicated that Nile tilapia given diets with CUR-
NPs or SP for nearly two months displayed significant
enhancement in growth and feed efficiency (FCR, and
SGR) indices. Similar enhancements in growth variables
were observed in Nile tilapia (Oreochromis niloticus)
[1, 79, 80], Red tilapia [6], European seabass (Dicentrar-
chus labrax) [81], white-leg shrimp (Litopenaeus van-
namei) [82] given diets containing CUR-NPs, as well as
in gilthead seabream (Sparus aurata), rainbow trout
(Oncorhynchus mykiss), common carp (Cyprinus carpio)
and grass carp (Ctenopharyngodon Idella)fed CUR-based
diets [83—-86]. The growth-promoting impact of cur-
cumin might be attributed to its ability to enhance diges-
tive enzyme activity in the hepatopancreas and intestine,
producing an improvement in nutrient absorption and
utilization [87, 88]. Additionally, curcumin has a palat-
able flavor, which may increase feed intake and subse-
quently enhance feed efficiency [25].
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Fig. 5 Representative photomicrograph of H&E-stained Sect. (50 um) from gills (a, b, c), stomach (d, f,g), intestine (h, i), hepatopancreas (j, k) and
spleen (m, n,0) of Nile tilapia fish fed un-supplemented diets (control), and CUR-NPs (30 mg kg'w) orSP(5g kg'w) supplemented diets. (a) The fish group
fed the control diet showed healthy gill structure with severe diffuse hyperplastic epithelium lining secondary gill lamellae. (b, c) the fish group fed diets
supplemented with CUR-NPs or SP showed healthy gill structure with moderate hyperplasia of gill epithelium. (d) the fish group fed the control diet
represented the normal structure of the gastric submucosa of the stomach with focal leukocyte infiltration and fibrosis. (e) the fish group fed CUR-NPs
supplemented diets indicated healthy stomach tissue structure with moderate leukocyte infiltration in the gastric submucosa. While, (f) the fish group
fed SP supplanted diets represented mild histopathological alteration in the stomach tissue structure with higher intensity of leukocyte infiltration in the
gastric submucosa. (g) fed fish control diets show normal intestinal structure with low focal leukocyte infiltration in the submucosa and focal epithelial
hyperplasia. (h, i) supplemented tilapia diets with CUR-NPs or SP show healthy and normal structure of intestinal mucosal, submucosal and epithelial
cells. (j) The control group indicated moderate hepatocyte vacuolation in the liver structure, whereas, supplemented tilapia diets with CUR-NPs or SP (k,
1) indicate lower hepatocyte vacuolation within hepatopancreatic tissues. (m, n, 0) All evaluated renal tissues in all experimental groups revealed normal
histological structure in the kidney

The growth-promoting effects of Spirulina, Arthrospira  carotenoids, chlorophyll, B-carotene, zeaxanthin, and
platensis supplementation have been well-documented in ~ phycocyanin [47, 89, 90]. Moreover, dietary fortification
Nile tilapia (Oreochromis niloticus) [47], Caspian brown  with SP has been shown to boost digestive enzyme activ-
trout (Salmo trutta) [89], and Oscar fish (Astronotus ocel- ity in the intestinal of aquatic animals [90, 91]. Here, Nile
latus) [78], leading to increased feed consumption and tilapia feeding diets containing SP and Cu-NPs showed
reduced nutrients retention. These effects are ascribed increased activity levels of lipase, amylase, and protease
to the great concentration of bioactive composites in  enzymes in their intestinal tract. Similar findings have
spirulina, including polysaccharides, y-linolenic acid, been described in other reports investigating the effects
polyunsaturated fatty acids, and pigments such as total of curcumin supplementation on the digestion-related
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enzyme activity of fingerlings of Oreochromis mossam-
bicus [92], crucian carp (Carassius carassius) [88], and
gilthead seabream larvae [93]. Recently, the addition of
graded levels of CUR-NPs to fish feed for two months
has been shown to enhance the growth indices of fish by
enhancing digestive enzyme activity [2]. Additionally, SP
supplementation has been found to enhance intestinal
enzyme activity in rainbow trout (Oncorhynchus mykiss)
[91, 94], and Oscar fish (Astronotus ocellatus) [78], lead-
ing to an increase in feed consumption and a reduction in
nutrient retention.

In this study, dietary supplements of both CUR-NPs
and SP were found to improve the fish body protein and
ash contents after 56 days of treatment, with no signifi-
cant variation in the lipid content. Similar results have
been reported in recent studies investigating the long-
term use of curcumin, which has been found to signifi-
cantly increase the ash amount and protein levels in the
muscles of Nile tilapia [87, 95]. The same trend was stated
in Oscar fish feeding diets of SP powder [78]. Further-
more, SP supplementation has been shown to increase
the ash amount in the dorsal muscles and the whole body
while significantly decreasing the lipid concentration in
juvenile gibel carp (Carassius gibelio) [96]. These findings
are consistent with the data on growth performance dis-
tinguished in fish fed with CUR-NPs and SP diets.

The hematological parameters of fish provide valuable
insight into the impact of herbal supplements on their
nutritional and health status [28, 97]. The present study
found that Nile tilapia supplied with SP and CUR-NPs
diets showed an increase in RBC and WBC counts, such
as Hb and Ht concentration, monocytes and neutrophils,
compared to control fish, without any significant alters
in MCH levels. These results are consistent with previ-
ous research on dietary curcumin and its nanoparticle
analogs, which showed positive effects on hematological
parameters in various fish species [2, 28, 83, 98].

The enhanced hematological markers indicate the
positive effects of CUR-NPs and spirulina on Nile tilapia
health, without causing anemia, by promoting hemo-
synthesis and erythropoiesis. This helpful association of
curcumin with the metabolism and nutrients contained
in Nile tilapia’s blood has been reported previously [83,
99, 100]. The increased levels of monocytes and neutro-
phils in diets containing CUR-NPs and CUR are liked
to improve innate and adaptive immune response path-
ways in fish [2, 17, 101]. Curcumin may activate mac-
rophages and neutrophils to produce reactive oxygen
species (ROS), thereby increasing phagocytic activity and
improving immunity [83, 102]. Similarly, Spirulina pla-
tensis has been shown to improve Hb, MCH, MCHC, and
HCT in Oscar fish, attributed to the beneficial effects of
phycocyanin on the bone marrow’s stem cells, promoting
immune response and red blood cells in fish [78, 103].
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The innate defense mechanism of fish includes lyso-
zyme, a hydrolytic enzyme that triggers the phagocytes
and the complement system, leading to the lysis of bac-
terial infections [104]. Serum immunoglobulins also play
an important role in phagocytosis and decreasing the
harmful microorganisms within the fish body [105]. In
our study, Nile tilapia supplied with SP and CUR-NPs
displayed a notable increase in the total Ig concentra-
tion and lysozyme levels. Previous research has shown
that curcumin administration can augment IgM values
in rainbow trout and promote serum immunity issues
(lysozyme and IgM) in snakehead fish (Channa argus)
[28, 106]. Rainbow trout, which had been given diets
with curcumin had the highest lysozyme activity [107].
Curcumin nano micelles-enriched diets also increased
lysozyme levels in White leg shrimp and Nile tilapia
[2, 108]. Moreover, CUR-NPs given White leg shrimp
showed a considerable increase in lysozyme mRNA tran-
scription levels [82]. Similarly, Spirulina platensis has
positive effects on the fish’s inherent immune response,
such as lysozyme concentration [47, 78, 109]. Our results
suggest that the activation of humoral immunity in Nile
tilapia upon SP-diets and CUR-NPs administration may
be attributed to curcumin’s ability to stimulate cytokine
production and activate neutrophils and macrophages,
thereby regulating the immune response of fish [102].

The association between fish immunity and antioxidant
properties is well-established. Antioxidative enzymes like
SOD, GPx, and CAT reduce oxidative stress by lowering
reactive oxygen species (ROS) levels [93]. MDA, a marker
for lipid peroxidation, reveals oxidative damage to lipids.
Our study showed significant escalations in the activity
of CAT, SOD, and GPx enzymes and a decline in MDA
contents in fish fed with SP and CUR-NPs, indicating
the antioxidant effect of these additives. Similar findings
were observed in White leg shrimp supplied with CUR-
NPs and in Nile tilapia supplemented with CUR-NPs
[82, 108]. Recent investigations confirmed the positive
role of CUR-NPs additions on the antioxidant status of
Nile tilapia [2]. Various studies have recognized the ben-
eficial impacts of S. platensis on the antioxidant ability
of several fish species [45, 47, 52, 78, 110]. Curcumin’s
antioxidant properties are linked with the activation of
antioxidative enzymes and the nuclear transcription fac-
tor erythroid 2 (Nrf2) signaling pathways, which removes
free radicals [2, 111]. Polyphenols found in these addi-
tives also promote antioxidant activity by scavenging
ROS and preventing oxidative deterioration [112, 113].
Spirulina’s antioxidant properties can be attributed to its
chemical composites, including vitamins, C-phycocya-
nins, p-carotene, and minerals, particularly phycocyanin,
which alters cyclooxygenase-2 and guards against oxida-
tive deterioration [47, 114].
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The combination of CUR-NPs and SP diets revealed
significant reductions in glucose, total cholesterol and
triglyceride levels. The feeding diets of Oreochromis
mossambicus supplied with curcumin also had signifi-
cantly lower blood glucose concentrations [9]. Numerous
reports have documented curcumin’s ability to promote
glycogenesis and decrease blood glucose levels in Nile
tilapia [25, 115]. Specifically, our study found that glu-
cose, triglyceride, and total cholesterol levels have nota-
bly decreased in Nile tilapia upon feeding with various
doses of CUR-NPs-supplemented diets [2]. Curcumin
and Spirulina platensis have both been found to reduce
triglyceride and total cholesterol in fish species such as
tilapia, grass carp, and amberjack Seriola dumerili [116)].
Also, we found that curcumin has a beneficial regulatory
impact on lipid metabolism, decreasing the production of
cholesterol and triglycerides in the liver and plasma [117,
118]. In addition, It has been discovered that Spirulina
species’ polyphenol metabolites can lower body fat [119],
which may be attributed to the decreased triglyceride and
total cholesterol amounts in fish supplemented by S. pla-
tensis [78].

Furthermore, the outcomes of our data uncovered that
the CUR-NPs and SP diets exhibited noticeable positive
impacts on Nile tilapia biochemical blood metabolites
associated with liver functions, including ALP, ALT, and
AST, and indicators of renal tissue (uric acid and creati-
nine), showing that there is no liver failure or functional
kidney impairment. Similar outcomes were confirmed in
other studies involving curcumin in gilthead sea bream
[83], and Nile tilapia given the CUR-NPs supplements
[2]. Additionally, supplementing with S. platensis was
found to enhance liver and renal functions in Nile tilapia
[47].

Data showed that feeding O. niloticus with SP-diets
and CUR-NPs led to a substantial rise in the total pro-
tein, albumin, and globulin levels in the fish’s serum.
Similar conclusions were reported for rainbow trout fed
with curcumin [28], as well as Nile tilapia supplemented
with curcumin [115] and CUR-NPs [2]. L. vannamei fed
with CUR-NPs-supplemented diets also exhibited higher
albumin content as well as total protein levels [108],
while Nile tilapia fed with live spirulina had higher lev-
els of protein, albumin, and globulins [44]. Total serum
proteins are an important indicator of healthy nutritional
status for fish [19], and elevated levels of serum proteins
and globulins are linked to strong innate immunity in fish
species [120].

Many diseases and inescapable environmental pol-
lutants endanger the well-being of fish [121]. Moreover,
decreased disease resistance is another way that con-
finement stress can harm tissues and reduce productiv-
ity [122]. In our study, the control group showed tissue
alterations in various fish organs, whereas the groups

Page 11 of 15

fed with CUR-NPs and SP exhibited fewer pronounced
histological changes, highlighting the positive effect of
nutrition in terms of disease resistance. Earlier studies
have also shown the importance of diet in the occurrence
and severity of various fish illnesses through the immune
system’s regulation [123].

Conclusions

The current research suggests that incorporating CUR-
NPs or SP into the diet of Nile tilapia fingerlings can
enhance the haemato-biochemical profile, redox status,
performance and humoral immunity of fish. The study
proved significant improvements in the efficiency of con-
sumed feed, growth, immunity response, and antioxidant
capacity. Additionally, there were no adverse impacts on
the entire fish organs specifically, kidney and liver tissues.
Finally, incorporating 5 g of SP or 30 mg CUR-Nps per kg
diet is recommended to promote production sustainabil-
ity and health of tilapia.

Acknowledgements
Not applicable.

Author contributions

Conceptualization, E.H.E,; Methodology, E.H.E, M.SK. and S.E: Formal analysis,
G.EE. and EH.E; Investigation, M.O.A, RM.A, M.BM. and Z A K., Writing —
original draft, MAA.EN,; Writing — review & editing, MAAEN. and S.E,, Final
revision, MAA.EN. and S.E,; Follow-up publication, M.AEN.

Funding

The current trial received no external funding.

Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank
(EKB).

Data availability
All data generated and analyzed during this study are included in this
published article.

Declarations

Ethics approval and consent to participate

The researchers acquired, handled, and transported live fish from a private
hatchery farm and choose fish for potential use in the study. At the point they
bought the fish from the private hatchery, there is no written consent required
from the hatchery owner for employing them in the present investigation.
Furthermore, this experiment was approved by the Animal Care and Use
Committee (IACUC) of Cairo University and performed in accordance with the
“Guidelines for Experimental Animals of the Faculty of Veterinary Medicine,
Cairo University, Egypt with the code: VET/CU/01122022592". All methods
were performed in accordance with the relevant IACUC guidelines and
regulations.

Consent for publication
Not applicable.

Conflict of interest
The authors declare no conflict of interest.

Author details

"Fish Research Centre, Faculty of Agricultural Environmental Sciences,
Arish University, EI-Arish 45511, Egypt

’Department of Pathology, Faculty of Veterinary Medicine, Cairo
University, Giza 12211, Egypt



Eissa et al. BMC Veterinary Research (2024) 20:215

*Department of Aquatic Animal Medicine, Faculty of Veterinary Medicine,
Mansoura University, Mansoura 35516, Egypt

“Department of Clinical Pathology, Faculty of Veterinary Medicine,
Mansoura University, Mansoura 35516, Egypt

*Biology Department, Faculty of Science, University of Ha'il, PO. Box 2440,
Ha'il 2440, Saudi Arabia

Department of Biology, College of Science, University of Jeddah,
Jeddah 21959, Saudi Arabia

"Faculty of Agriculture, Universiti Islam Sultan Sharif Ali, Sinaut Campus,
Tutong TB1741, Negara Brunei Darussalam

8Department of Agricultural Sciences, Faculty of Agro-Based Industry,
Universiti Malaysia Kelantan, Jeli Campus, Jeli 17600, Malaysia

?Animal Production Department, Faculty of Agriculture, Zagazig
University, Zagazig 44511, Egypt

Received: 23 February 2024 / Accepted: 6 May 2024
Published online: 21 May 2024

References

1. Eissa ESH, Ezzo OH, Khalil HS, Tawfik WA, El-Badawi AA, Abd Elghany
NA, Mossa MI, Hassan MM, Hassan MM, Eissa ME. The effect of dietary
nanocurcumin on the growth performance, body composition, haemato-
biochemical parameters and histopathological scores of the Nile tilapia
(Oreochromis niloticus) challenged with aspergillus flavus. Aquac Res.
2022;53:6098-111.

2. Abdel-Tawwab M, Eissa E-SH, Tawfik WA, Abd Elnabi HE, Saadony S, Bazina
WK, Ahmed RA. Dietary curcumin nanoparticles promoted the performance,
antioxidant activity, and humoral immunity, and modulated the hepatic
and intestinal histology of Nile tilapia fingerlings. Fish Physiol Biochem.
2022;48:585-601.

3. Fitzsimmons K. Supply and demand in global tilapia markets, 2015. Aquacul-
ture, (2016) 23-6.

4. FAO, The State of World Fisheries and Aquaculture. 2020: Sustainability in
Action; The State of World Fisheries and Aquaculture (SOFIA);. FAO: Rome,
Italy, ISBN 978-92-5-132692-3 (2020).

5. Abdelghany MF, El-Sawy HB, Abd El-hameed SA, Khames MK, Abdel-Latif HM,
Naiel MA. Effects of dietary Nannochloropsis oculata on growth performance,
serum biochemical parameters, immune responses, and resistance against
Aeromonas veronii challenge in Nile tilapia (Oreochromis niloticus). Volume
107. Fish & shellfish immunology; 2020. pp. 277-88.

6.  Eissa E-SH, Alaidaroos BA, Jastaniah SD, Munir MB, Shafi ME, Abd El-Aziz YM,
Bazina WK, Ibrahim Sb, Eissa ME, Paolucci M. Dietary effects of nano cur-
cumin on growth performances, body composition, blood parameters and
histopathological alternation in red tilapia (Oreochromis sp.) challenged with
aspergillus flavus. Fishes. 2023;8:208.

7. Naiel MA, Negm SS, Ghazanfar S, Shukry M, Abdelnour SA. The risk assess-
ment of high-fat diet in farmed fish and its mitigation approaches: a review. J
Anim Physiol Anim Nutr. 2023;107:948-69.

8. Aly SM, Al Zohairy MA, Rahmani AH, Fathi M, Atti NMA. Trials to improve the
response of Orechromis Niloticus to Aeromonas hydrophila vaccine using
immunostimulants (garlic, Echinacea) and probiotics (Organic Green TM and
Vet-YeastTM). Afr J Biotechnol. 2016;15:989-94.

9. Sruthi M, Nair AB, Arun D, Thushara V, Sheeja C, Vijayasree AS, Oommen
OV, Divya L. Dietary curcumin influences leptin, growth hormone and
hepatic growth factors in Tilapia (Oreochromis mossambicus). Aquaculture.
2018;496:105-11.

10.  Zahran E, El Sebaei MG, Awadin W, Elbahnaswy S, Risha E, Elseady Y. Withania
somnifera dietary supplementation improves lipid profile, intestinal histo-
morphology in healthy Nile tilapia (Oreochromis niloticus), and modulates
cytokines response to Streptococcus infection. Fish Shellfish Immunol.
2020;106:133-41.

11, Naiel MA, El-Kholy Al, Negm SS, Ghazanfar S, Shukry M, Zhang Z, Ahmadifar
E, Abdel-Latif HM. A mini-review on plant-derived phenolic compounds with
particular emphasis on their possible applications and beneficial uses in
aquaculture. Annals Anim Sci. 2023;23:971-7.

12, NmJ, Joseph A, Maliakel B, Im K. Dietary addition of a standardized extract of
turmeric (TurmaFEEDTM) improves growth performance and carcass quality
of broilers. J Anim Sci Technol. 2018;60:1-9.

20.

22.

25.

26.

27.

28.

30.

32

Page 12 of 15

Naiel MA, Ghazanfar S, Negm SS, Shukry M, Abdel-Latif HM. Applications
of antimicrobial peptides (AMPs) as an alternative to antibiotic use in
aquaculture-A mini-review. Annals Anim Sci. 2023;23:691-701.

Grenni P, Ancona V, Caracciolo AB. Ecological effects of antibiotics on natural
ecosystems: a review. Microchem J. 2018;136:25-39.

Abdelnour SA, Ghazanfar S, Abdel-Hamid M, Abdel-Latif HM, Zhang

Z, Naiel MA. Therapeutic uses and applications of bovine lactofer-

rin in aquatic animal medicine: an overview. Vet Res Commun.
2023;47:1015-29.

Sheikhzadeh N, Ahmadifar E, Soltani M, Tayefi-Nasrabadi H, Mousavi S, Naiel
MA. Brown seaweed (Padina australis) extract can promote performance,
innate immune responses, digestive enzyme activities, intestinal gene
expression and resistance against Aeromonas hydrophila in common carp
(Cyprinus carpio). Animals. 2022;12:3389.

Moniruzzaman M, Min T. Curcumin, curcumin nanoparticles and curcumin
nanospheres: a review on their pharmacodynamics based on monogas-
tric farm animal, poultry and fish nutrition. Pharmaceutics. 2020;12:447.
Elbahnaswy S, Elshopakey GE, Ibrahim |, Habotta OA. Potential role of
dietary chitosan nanoparticles against immunosuppression, inflamma-
tion, oxidative stress, and histopathological alterations induced by pendi-
methalin toxicity in Nile tilapia. Fish Shellfish Immunol. 2021;118:270-82.
Zahran E, Elbahnaswy S, Ibrahim I, Khaled AA. Nannochloropsis oculata
enhances immune response, transcription of stress, and cytokine

genes in Nile tilapia subjected to air exposure stress. Aquaculture Rep.
2021;21:100911.

Naiel MA-E, Shehata AM, Paswan VK, Said MB. and K.A. El-Tarabily, utilizing
the potential of Saussurea lappa in aquaculture industry: a review on
immune enhancement and pollution remediation. Aquacult Int, (2024)
1-38.

Naiel MA, Abd El-Naby AS, Samir F, Negm SS. Effects of dietary Thalassoden-
dron Ciliatum supplementation on biochemical-immunological, antioxidant
and growth indices of Oreochromis niloticus exposed to ammonia toxicity.
Aquaculture, 2024;585:740702.

Jastaniah SD, Mansour AA, Al-Tarawni AH, El-Haroun E, Munir MB, Saghir SAM,
Kari ZA, Téllez-Isafas G, Bottje WG, Ammar A-F. The effects of nano-curcumin
on growth performance, feed utilization, blood biochemistry, disease
resistance, and gene expression in European seabass (Dicentrarchus labrax)
fingerlings. Aquaculture Rep. 2024;36:102034.

Singh G, Kapoor |, Singh P, de Heluani CS, de Lampasona MP, Catalan CA.
Comparative study of chemical composition and antioxidant activity of fresh
and dry rhizomes of turmeric (Curcuma longa Linn). Food Chem Toxicol.
2010;48:1026-31.

Prasad S, Tyagi AK, Aggarwal BB. Recent developments in delivery, bioavail-
ability, absorption and metabolism of curcumin: the golden pigment from
golden spice. Cancer Res Treatment: Official J Korean Cancer Association.
2014;46:2-18.

Alagawany M, Farag MR, Abdelnour SA, Dawood MA, Elnesr SS, Dhama K.
Curcumin and its different forms: a review on fish nutrition. Aquaculture.
2021;532:736030.

JiR, Xiang X, Li X, Mai K, Ai Q. Effects of dietary curcumin on growth, anti-
oxidant capacity, fatty acid composition and expression of lipid metab-
olism-related genes of large yellow croaker fed a high-fat diet. Br J Nutr.
2021;126:345-54.

Ajani EK, Orisasona O, Kareem OK, Osho FE, Adeyemo AO, Omitoyin BO,
Adekanmbi AO. Growth performance, Gut Ecology, Immunocompetence
and Resistance of Oreochromis niloticus juveniles Fed Dietary Curcumin
longa. Croatian J Fisheries. 2020;78:145-56.

Yonar ME, Yonar SM, Ispir U, Ural MS. Effects of curcumin on haematologi-
cal values, immunity, antioxidant status and resistance of rainbow trout
(Oncorhynchus mykiss) against Aeromonas salmonicida subsp. Achromogenes
Fish Shellfish Immunol. 2019;89:33-90.

Zhao L, Tang G, Xiong C, Han S, Yang C, He K, Liu Q, Luo J, Luo W, Wang

Y. Chronic chlorpyrifos exposure induces oxidative stress, apoptosis and
immune dysfunction in largemouth bass (Micropterus salmoides). Environ
Pollut. 2021;282:117010.

Kharat M, McClements DJ. Recent advances in colloidal delivery systems

for nutraceuticals: a case study—-delivery by design of curcumin. J Colloid
Interface Sci. 2019;557:506-18.

Ghalandarlaki N, Alizadeh AM, Ashkani-Esfahani S. Nanotechnology-applied
curcumin for different diseases therapy. Biomed Res Int, 2014 (2014).

Hani U, Shivakumar H. Solubility enhancement and delivery systems of
curcumin a herbal medicine: a review. Curr Drug Deliv. 2014;11:792-804.



Eissa et al. BMC Veterinary Research

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

(2024) 20:215

Kurita T, Makino Y. Novel curcumin oral delivery systems. Anticancer Res.
2013;33:2807-21.

Bao X, Chen M, Yue Y, Liu H, Yang Y, Yu H, Yu Y, Duan N. Effects of dietary nano-
curcumin supplementation on growth performance, glucose metabolism
and endoplasmic reticulum stress of juvenile largemouth bass, Micropterus
salmoides. Front Mar Sci, (2022) 905.

Naiel MA, Alagawany M, Patra AK, El-Kholy Al, Amer MS. Abd El-Hack, Benefi-
cial impacts and health benefits of macroalgae phenolic molecules on fish
production. Aquaculture. 2021,534:736186.

Araujo R, Vézquez Calderdn F, Sénchez Lopez J, Azevedo IC, Bruhn A, Fluch

S, Garcia Tasende M, Ghaderiardakani F, llmjérv T, Laurans M. Current status
of the algae production industry in Europe: an emerging sector of the blue
bioeconomy. Front Mar Sci. 2021,7:626389.

Vigani M, Parisi C, Rodriguez-Cerezo E, Barbosa MJ, Sijtsma L, Ploeg M, Enzing
C. Food and feed products from micro-algae: market opportunities and chal-
lenges for the EU. Trends Food Sci Technol. 2015;42:81-92.

Ahsan M, Habib B, Parvin M, Huntington TC, Hasan MR. A review on culture,
production and use of spirulina as food for humans and feeds for domestic
animals. Volume 33. Rome, Italy: Food and Agriculture Organization of the
United Nations; 2008. pp. 28-32.

Krishnaveni R, Palanivelu K, Velavan S. Effects of probiotics and Spirulina
supplementation on haemato-immunological function of catla catla. Int J
Res Fisheries Aquaculture. 2013;3:176-81.

Palmegiano GB, Gai F, Dapra F, Gasco L, Pazzaglia M, Peiretti PG. Effects of Spi-
rulina and plant oil on the growth and lipid traits of white sturgeon (Acipenser
transmontanus) fingerlings. Aquac Res. 2008,39:587-95.

Groy B, Sahin I, Mantoglu S, Kayali S. Spirulina as a natural carotenoid source
on growth, pigmentation and reproductive performance of yellow tail cichlid
Pseudotropheus acei. Aquacult Int. 2012;20:869-78.

AlMulhim NM, Virk P Abdelwarith AA, AlKhulaifi FM. Effect of incorporation
of Spirulina platensis into fish diets, on growth performance and biochemi-
cal composition of Nile Tilapia, Oreochromis niloticus. Egypt J Aquat Res.
2023;49:537-41.

Zhang F, Man YB, Mo WY, Wong MH. Application of Spirulina in aquaculture:
a review on wastewater treatment and fish growth. Reviews Aquaculture.
2020;12:582-99.

Abdel-Tawwab M, Ahmad MH. Live Spirulina (Arthrospira platensis) as a
growth and immunity promoter for Nile tilapia, Oreochromis niloticus

(L), challenged with pathogenic Aeromonas hydrophila. Aquac Res.
2009;40:1037-46.

Mahmoud MM, El-Lamie MM, Kilany OE, Dessouki AA. Spirulina (Arthrospira
platensis) supplementation improves growth performance, feed utilization,
immune response, and relieves oxidative stress in Nile tilapia (Oreochromis
niloticus) challenged with Pseudomonas fluorescens. Fish Shellfish Immunol.
2018;72:291-300.

Amer SA. Effect of Spirulina platensis as feed supplement on growth perfor-
mance, immune response and antioxidant status of mono-sex Nile Tilapia
(Oreochromis niloticus). Benha Veterinary Med J. 2016;30:1-10.

Awad LZ, El-Mahallawy HS, Abdelnaeim NS, Mahmoud MM, Dessouki AA,
EIBanna NI. Role of dietary Spirulina platensis and betaine supplementation
on growth, hematological, serum biochemical parameters, antioxidant status,
immune responses, and disease resistance in Nile tilapia. Fish Shellfish Immu-
nol. 2022;126:122-30.

Promya J, Chitmanat C. The effects of Spirulina platensis and Cladophora
algae on the growth performance, meat quality and immunity stimulating
capacity of the African Sharptooth Catfish (Clarias gariepinus). Int J Agric Biol-
ogy. 2011;13:77-82.

Kakran M, Sahoo NG, Tan I-L, Li L. Preparation of nanoparticles of poorly
water-soluble antioxidant curcumin by antisolvent precipitation methods. J
Nanopart Res. 2012;14:1-11.

Carvalho DM, Takeuchi KP, Geraldine RM, Moura CJ, Torres MCL, editors.
Production, solubility and antioxidant activity of curcumin nanosuspension.
Food Science and Technology, 35 (2015) 115-119.

NRC N. Nutrient requirements of fish and shrimp.The National Academies
Press Washington, DC, USA. (2011), p. 376.

Teimouri M, Yeganeh S, Mianji GR, Najafi M, Mahjoub S. The effect of Spirulina
platensis meal on antioxidant gene expression, total antioxidant capacity,
and lipid peroxidation of rainbow trout (Oncorhynchus mykiss). Fish Physiol
Biochem. 2019;45:977-86.

Boyd C, Tucker C. Pond Aquaculture Water Quality Management. Boston, MA:
Kluwer Academic; 1998. p. 700.

55.

56.

57.

58.

59.

60.
61.

62.

63.

64.

65.

66.

67.

68.

69.

70.
71.

72.

73.

74.

75.

76.

77.

78.

79.

Page 13 of 15

Simdes LN, Lombardi DC, Gomide A, Gomes LC. Efficacy of clove oil as
anesthetic in handling and transportation of Nile tilapia, Oreochromis niloticus
(Actinopterygii: Cichlidae) juveniles. Zoologia (Curitiba). 2011;28:285-90.
Pirarat N, Pinpimai K, Endo M, Katagiri T, Ponpornpisit A, Chansue N, Maita

M. Modulation of intestinal morphology and immunity in nile tilapia (Oreo-
chromis niloticus) by Lactobacillus rhamnosus GG. Res Vet Sci. 2011,91:€92-7.
Yildiz M, Sener E, Timur M. Effect of seasonal change and different commer-
cial feeds on proximate composition of sea bream (Sparus aurata). Turkish J
Fisheries Aquat Sci. 2006;6:99-104.

Helrich K. Official methods of analysis., 15th edn.(Association of Official
Analytical Chemists, Inc.: Arlington, VA, USA). (1990).

Hrubec T, Smith S, Robertson J, Feldman B, Veit H, Libey G, Tinker M. Compari-
son of hematologic reference intervals between culture system and type of
hybrid striped bass. Am J Vet Res. 1996,57:618-23.

Drabkin DL. Spectrophotometric studies: XIV. The crystallographic and optical
properties of the hemoglobin of man in comparison with those of other spe-
cies. J Biol Chem. 1946;164:703-23.

Jain NC. Schalm's veterinary hematology. Lea & Febiger; 1986.

Wedemeyer GA, Yasutake WT. Clinical methods for the assessment of the
effects of environmental stress on fish health. Volume 89. Department of the
Interior, Fish and Wildlife Service; 1977.

Bartles H, Bohmer M, Heirli C. Colorimetric kinetic method for creatinine
determination in serum and urine. Clin Chem Acta, 37 (1972).

Preetorius E, Poulsen H. Enzymatic determination of uric acid with detailed
directions. Scand J Clin Lab Investig. 1953;5:273-80.

Ghareghanipoora M, Akbary P, Akhlaghi M, Fereidouni M. Non-specific
immune responses and immune related genes expression of rainbow trout
(Oncorhynchus mykiss, walbaum) fed Zataria multiflora boiss extract. Bull Env
Pharmacol. 2014;3:140-6.

Bernfeld. Amylases, a and . In: Colowick SP, Kaplan NO, editors. Methods of
Enzymology. New York: Academic; 1955. pp. 149-58.

Ono H, lijima N. Purification and characterization of phospholipase A2 iso-
forms from the hepatopancreas of red sea bream, Pagrus major1. Fish Physiol
Biochem. 1998;18:135-47.

Hidalgo M, Urea E, Sanz A. Comparative digestive enzymes in different
nutritional habits to fish. Proteolytic Amilohydrolitic Activity Aquaculture.
1999;170:267-83.

Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal tissues by
thiobarbituric acid reaction. Anal Biochem. 1979;95:351-8.

Ellman GL. Tissue sulfhydryl groups. Arch Biochem Biophys. 1959;82:70-7.
Aebi H. Catalase in vitro. Methods Enzymol. 1984;105:121-6.

Nishikimi M, Appaji N, Yagi K. The occurrence of superoxide anion in the reac-
tion of reduced phenazine methosulfate and molecular oxygen. Biochem
Biophys Res Commun. 1972;46:849-54.

Benzie IF, Strain JJ. The ferric reducing ability of plasma (FRAP) as a measure of
antioxidant power: the FRAP assay. Anal Biochem. 1996;239:70-6.

Otali D, Fredenburgh J, Oelschlager D, Grizzle W. A standard tissue as a
control for histochemical and immunohistochemical staining. Biotech Histo-
chem. 2016;91:309-26.

Hochstim CJ, Choi JY, Lowe D, Masood R, Rice DH. Biofilm detection with
hematoxylin-eosin staining. Archives Otolaryngology-Head Neck Surg.
2010;136:453-6.

Paray BA, El-Basuini MF, Alagawany M, Albeshr MF, Farah MA, Dawood MA.
Yucca schidigera usage for healthy aquatic animals: potential roles for sustain-
ability. Animals. 2021;11:93.

Zhu F. A review on the application of herbal medicines in the disease control
of aquatic animals. Aquaculture. 2020;526:735422.

Adel M, Omidi AH, Dawood MA, Karimi B, Shekarabi SPH. Dietary Gracilaria
Persica mediated the growth performance, fillet colouration, and

immune response of Persian sturgeon (Acipenser persicus). Aquaculture.
2021;530:735950.

Mohammadiazarm H, Maniat M, Ghorbanijezeh K, Ghotbeddin N. Effects

of spirulina powder (Spirulina platensis) as a dietary additive on Oscar fish,
Astronotus ocellatus: assessing growth performance, body composition,
digestive enzyme activity,immune-biochemical parameters, blood indices
and total pigmentation. Aquacult Nutr. 2021;27:252-60.

El Basuini MF, Zaki MA, El-Hais AM, Elhanafy MG, EI-Bilawy EH, Zaineldin Al,
Abdel-Aziz MF, Abouelsaad IA, El-Ratel IT, Mzengereza K. Microbial, immune
and antioxidant responses of Nile tilapia with dietary nano-curcumin supple-
ments under chronic low temperatures. Aquaculture Fisheries. 2024;9:57-65.



Eissa et al. BMC Veterinary Research

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

(2024) 20:215

Abdel-Ghany HM, EI-Sisy DM, Salem ME-S. A comparative study of effects

of curcumin and its nanoparticles on the growth, immunity and heat stress
resistance of Nile tilapia (Oreochromis niloticus). Sci Rep. 2023;13:2523.
Bin-Ammar A, Ahmeda AF, Abdelkarim M, EI-Bab AFF, Amer AA, Abdelnour
SA, El-Nawsany MM, Mahmoud AM, Naiel MA. Dietary curcumin nanopar-
ticles improve growth performance, oxidative status and immune response
of European seabass. N/A: Annals of Animal Science; 2024. https://doi.
0rg/10.2478/aoas-2024-0018.

Bhoopathy S, Inbakandan D, Rajendran T, Chandrasekaran K, Reddy BA, Kasil-
ingam R, RameshKumar V, Dharani G. Dietary supplementation of curcumin-
loaded chitosan nanoparticles stimulates immune response in the white leg
shrimp Litopenaeus vannamei challenged with Vibrio harveyi. Fish Shellfish
Immunol. 2021;117:188-91.

Ashry AM, Hassan AM, Habiba MM, El-Zayat A, El-Sharnouby ME, Sewilam H,
Dawood MA. The impact of dietary curcumin on the growth performance,
intestinal antibacterial capacity, and haemato-biochemical parameters of
gilthead seabream (Sparus aurata). Animals. 2021;11:1779.

Akdemir F, Orhan C, Tuzcu M, Sahin N, Juturu V, Sahin K. The efficacy of
dietary curcumin on growth performance, lipid peroxidation and hepatic
transcription factors in rainbow trout Oncorhynchus mykiss (Walbaum) reared
under different stocking densities. Aquac Res. 2017,48:4012-21.

Ming J, Ye J, Zhang Y, Xu Q, Yang X, Shao X, Qiang J, Xu P. Optimal dietary
curcumin improved growth performance, and modulated innate immunity,
antioxidant capacity and related genes expression of NF-kB and Nrf2 signal-
ing pathways in grass carp (Ctenopharyngodon idella) after infection with
Aeromonas hydrophila. Fish Shellfish Immunol. 2020,97:540-53.

Giri SS, Kim MJ, Kim SG, Kim SW, Kang JW, Kwon J, Lee SB, Jung WJ, Sukuma-
ran V, Park SC. Role of dietary curcumin against waterborne lead toxicity in
common carp Cyprinus carpio. Volume 219. Ecotoxicology and Environmental
Safety; 2021.p. 112318.

Abd El-Hakim YM, El-Houseiny W, Abd Elhakeem E-M, Ebraheim LL, Moustafa
AA, Mohamed AAR. Melamine and curcumin enriched diets modulate the
haemato-immune response, growth performance, oxidative stress, disease
resistance, and cytokine production in Oreochromis niloticus. Aquat Toxicol.
2020;220:105406.

Jiang J, Wu X-Y, Zhou X-Q, Feng L, Liu Y, Jiang W-D, Wu P, Zhao Y. Effects

of dietary curcumin supplementation on growth performance, intestinal
digestive enzyme activities and antioxidant capacity of crucian carp Carassius
auratus. Aquaculture. 2016;463:174-80.

Roohani AM, Abedian Kenari A, Fallahi Kapoorchali M, Borani MS, Zoriezahra
SJ, Smiley AH, Esmaeili M, Rombenso AN. Effect of spirulina Spirulina platensis
as a complementary ingredient to reduce dietary fish meal on the growth
performance, whole-body composition, fatty acid and amino acid profiles,
and pigmentation of Caspian brown trout (Salmo trutta caspius) juveniles.
Aquacult Nutr. 2019;25:633-45.

Rosas VT, Poersch LH, Romano LA, Tesser MB. Feasibility of the use of Spirulina
in aquaculture diets. Reviews Aquaculture. 2019;11:1367-78.

Teimouri M, Amirkolaie AK, Yeganeh S.The effects of Spirulina platensis meal
as a feed supplement on growth performance and pigmentation of rainbow
trout (Oncorhynchus mykiss). Aquaculture. 2013;396:14-9.

Midhun SJ, Arun D, Edatt L, Sruthi M, Thushara V, Oommen OV, Kumar VS,
Divya L. Modulation of digestive enzymes, GH, IGF-1 and IGF-2 genes in the
teleost, Tilapia (Oreochromis mossambicus) by dietary curcumin. Aquacult Int.
2016;24:1277-86.

Xavier MJ, Dardengo GM, Navarro-Guillén C, Lopes A, Colen R, Valente LM,
Conceigao LE, Engrola S. Dietary curcumin promotes gilthead seabream lar-

vae digestive capacity and modulates oxidative status. Animals. 2021;11:1667.

Teimouri M, Yeganeh S, Amirkolaie A. The effects of Spirulina platensis meal on
proximate composition, fatty acid profile and lipid peroxidation of rainbow
trout (Oncorhynchus mykiss) muscle. Aquacult Nutr. 2016;22:559-66.

Amer SA, El-Araby DA, Tartor H, Farahat M, Goda NI, Farag MF, Fahmy EM,
Hassan AM, Abo MF, El-Maati, Osman A. Long-Term Feeding with Curcumin
Affects the Growth, Antioxidant Capacity, Immune Status, Tissue Histoarchi-
tecture, Immune Expression of Proinflammatory Cytokines, and Apoptosis
Indicators in Nile Tilapia, Oreochromis niloticus Antioxidants, 11 (2022) 937.
Cao SP, Zou T, Zhang PY, Han D, Jin JY, Liu HK, Yang YX, Zhu XM, Xie SQ. Effects
of dietary fishmeal replacement with Spirulina platensis on the growth, feed
utilization, digestion and physiological parameters in juvenile gibel carp
(Carassis Auratus Gibelio var. CAS Ill). Aquac Res. 2018;49:1320-8.

Vazirzadeh A, Dehghan F, Kazemeini R. Changes in growth, blood immune
parameters and expression of immune related genes in rainbow trout

98.

99.

107.

110.

112.

115.

Page 14 of 15

(Oncorhynchus mykiss) in response to diet supplemented with Ducrosia
Anethifolia essential oil. Fish Shellfish Immunol. 2017,69:164-72.

Naiel MA, Shehata AM, Negm SS, Abd El-Hack ME, Amer MS, Khafaga AF, Bin-
Jumah M, Allam AA. The new aspects of using some safe feed additives on
alleviated imidacloprid toxicity in farmed fish: a review. Reviews Aquaculture.
2020;12:2250-67.

Ashrafizadeh M, Zarrabi A, Hushmandi K, Zarrin V, Moghadam ER, Hashemi F,
Makvandi P, Samarghandian S, Khan H, Hashemi F. Toward regulatory effects
of curcumin on transforming growth factor-beta across different diseases: a
review. Front Pharmacol. 2020;11:585413.

. Fazio F. Fish hematology analysis as an important tool of aquaculture: a

review. Aquaculture. 2019;500:237-42.

. Pereira M, Moraes A, Rodhermel J, Hess J, Alves L, Chaaban A, Jatoba A.

Supplementation of Curcuma longa hydrolate improves immunomodulatory
response in Nile tilapia reared in a recirculation aquaculture system. Arquivo
Brasileiro De Med Veterinaria E Zootecnia. 2020;72:1805-12.

. Jagetia GC, Aggarwal BB. Spicing up of the immune system by curcumin. J

Clin Immunol. 2007;27:19-35.

. Meng-umphan K. Production of Generation-2 Mekong giant catfish (Panga-

sinodon gigas) cultured with Spirulina sp. (2008).

. Saurabh S, Sahoo P. Lysozyme: an important defence molecule of fish innate

immune system. Aquac Res. 2008;39:223-39.

. Magnadottir B. Immunological control of fish diseases. Mar Biotechnol.

2010;12:361-79.

. Naseer S, Igbal J, Naseer A, Kanwal S, Hussain I, Tan Y, Aguilar-Marcelino

L, Cossio-Bayugar R, Zajac Z, Jardan YAB. Deciphering chemical profil-

ing, pharmacological responses and potential bioactive constituents of
Saussurea Lappa Decne. Extracts through in vitro approaches. Saudi J Biol Sci.
2022;29:1355-66.

Kohshahi AJ, Sourinejad |, Sarkheil M, Johari SA. Dietary cosupplementation
with curcumin and different selenium sources (nanoparticulate, organic, and
inorganic seleniumy): influence on growth performance, body composition,
immune responses, and glutathione peroxidase activity of rainbow trout
(Oncorhynchus mykiss). Fish Physiol Biochem. 2019;45:793-804.

. Moghadam H, Sourinejad |, Johari SA. Growth performance, haemato-immu-

nological responses and antioxidant status of Pacific white shrimp Penaeus
vannamei fed with turmeric powder, curcumin and curcumin nanomicelles.
Aquacult Nutr. 2021,27:2294-306.

. Cao S, Zhang P, Zou T, Fei S, Han D, Jin J, Liu H, Yang Y, Zhu X, Xie S. Replace-

ment of fishmeal by spirulina Arthrospira platensis affects growth, immune
related-gene expression in gibel carp (Carassius auratus Gibelio var. CAS Ill),
and its challenge against Aeromonas hydrophila infection. Fish Shellfish
Immunol. 2018;79:265-73.

Sayed A, Elbaghdady, Zahran E. Arsenic-induced genotoxicity in Nile tilapia
(Orechromis Niloticus); the role of Spirulina platensis extract. Environ Monit
Assess. 2015;187:1-10.

. Xu X-Y,Meng X, Li S, Gan R-Y, Li'Y, Li H-B. Bioactivity, health benefits, and

related molecular mechanisms of curcumin: current progress, challenges,
and perspectives. Nutrients. 2018;10:1553.

Bishayee A, Bhatia D, Thoppil RJ, Darvesh AS, Nevo E, Lansky EP. Pomegranate-
mediated chemoprevention of experimental hepatocarcinogenesis involves
Nrf2-regulated antioxidant mechanisms. Carcinogenesis. 2011;32:888-96.

. Moskaug J@, Carlsen H, Myhrstad MC, Blomhoff R. Polyphenols and glutathi-

one synthesis regulation. Am J Clin Nutr. 2005;81:5277-83.

. Karadeniz A, Cemek M, Simsek N. The effects of Panax ginseng and Spirulina

platensis on hepatotoxicity induced by cadmium in rats. Ecotoxicol Environ
Saf. 2009;72:231-5.

Manal I. Impact of garlic and curcumin on the hepatic histology and cyto-
chrome P450 gene expression of aflatoxicosis Oreochromis niloticus using
RT-PCR. Turkish J Fisheries Aquat Sci. 2018;18:405-15.

. Yang J,Hong J, Fu Z, Ma Z. Effects of Dietary Curcumin on Growth and Diges-

tive Physiology of Seriola dumerili. Front Mar Sci, 9 (2022).

. Shin SK, Ha TY, McGregor RA, Choi MS. Long-term curcumin administration

protects against atherosclerosis via hepatic regulation of lipoprotein choles-
terol metabolism. Volume 55. Molecular nutrition & food research; 2011. pp.
1829-40.

. GuanY, Xie W, Ai C. The physiological function of Curcumin and its applica-

tion in aquatic feed. China Feed. 2015;16:11-5.

. Kim S-S, Rahimnejad S, Kim K-W, Lee K-J. Partial replacement of fish meal

with Spirulina Pacifica in diets for parrot fish (Oplegnathus fasciatus). Turkish J
Fisheries Aquat Sci, 13 (2013).


https://doi.org/10.2478/aoas-2024-0018
https://doi.org/10.2478/aoas-2024-0018

Eissa et al. BMC Veterinary Research (2024) 20:215

120.

121.

122.

Kumar S, Raman R, Kumar K, Pandey P, Kumar N, Mallesh B, Mohanty S, Kumar
A. Effect of azadirachtin on haematological and biochemical parameters of
Argulus-infested goldfish Carassius auratus (Linn. 1758). Fish Physiol Biochem.
2013;39:733-47.

Taghreed I. Diseases of Nile tilapia with special emphasis on water pollution. J
Environ Sci Technol. 2019;13:29-56.

Steckert LD, Cardoso L, Jeronimo GT, de Padua SB, Martins ML. Investiga-

tion of farmed Nile tilapia health through histopathology. Aquaculture.
2018;486:161-9.

Page 15 of 15

123. Blazer VS. Nutrition and disease resistance in fish. Annu Rev Fish Dis.
1992;2:309-23.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿The effects of dietary ﻿Spirulina platensis﻿ or curcumin nanoparticles on performance, body chemical composition, blood biochemical, digestive enzyme, antioxidant and immune activities of ﻿Oreochromis niloticus﻿ fingerlings
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Preparation of curcumin nanoparticles (CUR-NPs)
	﻿Dietary feeding preparation
	﻿Rearing fish
	﻿Samples collecting and preparing the homogenate tissues
	﻿Growth and feed variables, and survival percentage
	﻿Analyzing the composition of the whole body
	﻿Hematological investigations
	﻿Serum biochemical analysis
	﻿Immune assays
	﻿Activity of intestinal digestive enzymes
	﻿Status of antioxidants and oxidative stress
	﻿Histological examination
	﻿Analytical statistics

	﻿Results
	﻿Impact of CUR-NPs and SP supplements on growth performance, survival percentage, and feed utilization indices
	﻿A body chmical composition investigation’s response to the addition of CUR-NPs or SP
	﻿Hematological analysis of CUR-NPs and SP supplementation
	﻿Impact of serum biochemical variables after treatment with SP and CUR-NPs
	﻿Immune parameters are affected by the addition of CUR-NPs and SP
	﻿Impacts of intestinal digestive enzyme activities upon CUR-NPs and SP- supplements
	﻿Redox state after supplementing with CUR-NPs or SP
	﻿Impact of CUR-NPs or SP Supplements on the tissue structure of fish gills, stomach, intestinal, hepatic and renal tissues

	﻿Discussion
	﻿Conclusions
	﻿References


