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growth performance, blood biochemical parameters, and expressions of growth hormone

(GH), growth hormone receptor (GHR), insulin-like growth factorl (IGF-1), insulin-like
growth factor 2 (IGF-2), and myostatin (MSTN) genes in Nile tilapia. A total of 96 fingerlings (12 +
0.2 g) were randomly allocated into eight groups, each containing 12 fish, and fed diets containing
0%, 1% (10 g), 2% (20 g), and 3% (30 g) SP/kg for 8 weeks. Significant improvements in growth
were observed in the 1% SP group, with the best feed conversion rate at 1.09. Biochemical
parameters, including serum protein, globulin, liver enzymes (ALT and AST), cholesterol, and
glucose concentrations, were analyzed using a spectrophotometer for calorimetric analysis. Higher
serum protein and globulin levels were observed in the 1% SP group compared to the control. RT-
PCR analysis indicated elevated GH expression in the brain and muscles, along with increased IGF-1
and IGF-2 levels observed in the liver and muscle tissues of the 1% SP group compared to the control
and other treatments. However, there was a positive correlation between the 1% SP diet and enhanced
MSTN mRNA levels in muscle tissues. Except for higher ether extract (EE) in the 2% SP treatment,
there were no significant changes in fish survival or body composition. Overall, this study
recommends utilizing 1% SP as a dietary supplement to improve growth, feed utilization, biochemical
parameters, and growth-related gene expressions in Nile tilapia.

THE present investigation was designed to verify the effect of using Spirulina platensis (Sp) on

Keywords: Spirulina, Nile tilapia, growth performance, blood biochemical parameters, growth-related
gene expressions.

Introduction

The increasing demand for aquaculture as a
primary source of animal protein required for human
sustenance [1, 2] has intensified due to the limited
biological capacities of natural fish resources and the
escalating challenges associated with environmental
stressors [3]. Tilapia aquaculture has witnessed
exceptional growth in the last few decades [4], with
an annual production increase of approximately

13.5% [5]. The rapid growth in production
necessitates higher costly inputs, with feeding
accounting for about 70% of the total production cost
[6]. Consequently, the quest for innovative functional
feed supplements remains a significant challenge in
tilapia production.

Spirulina platensis (Sp), a photosynthetic
filamentous blue-green microalga, harbors diverse
biological activities and possesses highly valuable
protein content, essential amino acids, vitamins, beta-
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carotene, and various pigment substances [7]. While
fish meal and fish oil are known to be nutritious and
easily digestible feed sources for farmed fish, their
elevated prices and costs make them less favorable
[8]. Hence, the search for natural and alternative
sources of nutrition to replace expensive animal-
derived proteins in fish diets is imperative.

Spirulina has emerged as a significant plant
protein source capable of replacing animal proteins
in fish feed [9]. It boasts high-quality protein content
containing all essential amino acids and is rich in
bioactive components such as carotenoids, vitamins,
essential fatty acids, minerals, phycocyanin, and
antioxidant pigments, displaying anti-inflammatory
and antioxidant properties [10, 11].

Additionally, supplementing fish diets with Sp
may stimulate the immune system by increasing
lysozyme, phagocyte, and skin mucus bactericidal
activities, white blood cell count, and regulating
cytokine gene expression crucial for the immune
system in tilapia leukocytes, acting as signaling
molecules [12, 13]. Sp is also recognized for its
antimicrobial properties, with its ethanol and
methanol extracts being effective against various fish
pathogens [14, 15]. Furthermore, the inclusion of
Spirulina as a feed additive in fish diets has shown
improvements in growth rate, carcass quality, and
physiological responses to diseases and stress across
various fish species [16, 17].

Various studies have highlighted the positive
effects of Sp on fish production, notably influenced
by the quantity used as feed additives in aquaculture.
Some studies have demonstrated significant
improvements in growth performance even with
small amounts of Sp in diets [18]. This impact is
attributed to the high protein content (about 70%)
and lipids (7-16%) in its dry weight [19].
Considering its nutritional value, Sp is considered a
potential food source for both animals [20] and
humans [21], making it an excellent nutrient and
energy source for a wide range of animals [22, 23].

Consequently, this study was conducted to assess
the impact of different concentrations of dietary
Spirulina on Nile tilapia (O. niloticus) fingerlings,
focusing on growth performance, feed utilization,
body composition, blood biochemical parameters,
and the expression of growth-related genes, including
GH, GHR, IGF-1, IGF-2, and MSTN."

Material and Methods

Fish and experimental protocol

Ninety-six mono-sex fingerlings (12 + 0.15 g)
were randomly distributed into four treatments, each
with two replicates. The subgroups were housed in
separate 50 L aquariums within a closed water
recirculation system. Daily monitoring of water
parameters was conducted after feeding [24]. The
experimental design included four diets formulated
with varying levels of SP: control T1 (0% SP), T2
(1% SP), T3 (2% SP), and T4 (3% SP), as detailed in
Table 1. The proximate composition of the diets and
the chemical composition of SP are presented in
Table 2. Ingredients were ground, blended, pelleted
through a 2 mm die, and stored at -30°C. During the
initial 7 days, fish were acclimated to the control
diet. Subsequently, they were fed the experimental
diets by hand twice daily for 56 days at a rate of 3%
of their body weight. Fish weights and feed intake
were recorded biweekly. At the end of the 56-day
period, measurements were taken for live weight
gain, feed efficiency, growth performance
parameters, and feed nutrient utilization.

Growth performance and feed utilization

The study evaluated various growth performance
metrics and feed utilization parameters. Weight gain
(WG), specific growth rate (SGR), and feed
conversion ratio (FCR) were calculated using
established formulas [26, 27]. WG was determined
by subtracting the initial weight (WI) from the final
weight (WT). SGR% was calculated using the
natural log of WT and WI divided by the
experimental period. Feed intake (FI) was maintained
at 3% of body weight daily, and FCR was computed
as dry matter intake divided by total gain. Protein
efficiency ratio (PER) was determined by dividing
total gain by protein intake, following Stuart and
Hung's methodology [28]. Protein retention
efficiency (PRE) was calculated according to Zehra
and Khan [29], expressed as Protein gain divided by
Protein intake multiplied by 100.

For further analysis, three fish per treatment were
randomly selected and anesthetized using a clove-
essence solution. Blood samples were collected from
the caudal vein using heparinized syringes and
centrifuged to obtain serum, which was stored at -
20°C for subsequent chemical analysis.

Chemical body composition analysis

Chemical body composition analysis, including
assessment of moisture, protein, lipid, ash,
carbohydrate, etc., in fish, was conducted following
the guidelines outlined in AOAC [30].
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TABLE 1. Feed formulation and proximate chemical analysis of the experimental diets

Ingredients Control 1% SP 2% SP 3% SP
Protein concentrate 17 16 15 14
Soybean meal 40 40 40 40
Corn 28 28 28 28
Wheat bran 10 10 10 10

SP* (powder) 0 1 2 3

Oil 3 3 3 3

Vit. & Min. ** 2 2 2 2

Chemical composition,% on dry matter basis

oM 87.53 87.71 87.71 87.88
CP 2742 28.22 28.24 28.50
CF 11.45 11.03 11.59 11.63
EE 3.94 3.90 3.93 3.96

NFE**%* 44.72 44.56 43.95 43.79
Ash 12.47 12.29 12.29 12.12
GE (kcal/100g)*#** 415.46 417.25 417.44 418.7

*SP: Spirulina platensis (powder)

**Vit. & min. mixture/kg premix: Vitamin D3, 0.8 million IU; A, 4.8 million IU; E, 4 g; K, 0.8 g; B1, 0.4 g, riboflavin, 1.6 g; B6, 0.6 g, B12, 4 mg;
pantothenic acid, 4 g; Nicotinic acid, 8 g; folic acid, 0.4 g biotin,20 mg , Mn, 22 g; Zn, 22 g; Fe, 12 g; Cu, 4g; I, 0.4 g, selenium,

0.4 g and Co, 4.8 mg.

***Nitrogen free extract (NFE) =100-(CP+EE+CF+ash).

****GE (Gross energy value) was calculated from their chemical composition, using the factors 5.6, 9.45, 4.00 and 4.00 (k cal/g) for protein, fat, fiber
and NFE, respectively [25].

TABLE 2. Chemical composition of Spirulina platensis

Component Content (%)

Moisture 9.00

Component, % on DM basis

oM 85.35
CP 5021
EE 2.24
CF) 10.92
NFE 21.98
Ash 14.65
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Biochemical analysis

Blood samples were obtained from the fish's
caudal vein using a 3 ml syringe after fish anesthesia
with clove oil (0.5 ml L—1). The collected samples
were transferred into clean, dry centrifuge tubes and
left at room temperature until clotting occurred.
Subsequently, the tubes underwent centrifugation at
3000 rpm for 15 minutes to separate the serum,
which was stored at -80°C until further biochemical
analysis.

Biochemical  analyses  encompassed the
estimation of serum total proteins [31], albumin [32],
globulin (calculated by subtracting albumin from
total protein concentrations), alanine
aminotransferase (ALT), aspartate aminotransferase
(AST) [33], cholesterol [34], and glucose
concentrations [35]. Commercial biochemical Kkits
(Spectrum-diagnostics, Egypt) were used for these
assays. Each biochemical parameter was analyzed
calorimetrically based on the manufacturer's
instructions using an Agilent Cary UV-Vis
spectrophotometer (100/300 Series).

Gene expression analysis
RNA extraction

Total RNA extraction was performed from
muscle, liver, and brain tissues following the
manufacturer's protocol outlined in the TRIzol®
reagent kit (Invitrogen, Germany). Initially, 50 mg of
tissue was individually homogenized in 750 pL of
TRIzol® reagent and incubated at room temperature
for 5 minutes to facilitate the dissociation of
nucleoprotein complexes within the TRIzol solution.
Subsequently, 140 pL of chloroform was added to
the homogenized samples, vigorously shaken, and
then centrifuged at 12,000 xg for 15 minutes at 4°C.

The resulting RNA present in the aqueous phase
was carefully separated, precipitated by adding 600
pL of 100% isopropyl alcohol, and centrifuged at
12,000 xg for 10 minutes at 4°C. The RNA pellet
obtained was washed with 70% DEPC ethanol and
dissolved in RNase-free water at 60°C. RNA
concentration and purity were determined using a
nanodrop-1000 spectrophotometer (Thermo
Scientific, Rockford, IL, USA) with an absorbance
ratio (260/280 nm) ranging between 1.8 and 2.1 for
all samples.

To eliminate any potential DNA contamination,
all RNA samples underwent DNase I treatment
(Invitrogen) before storage at -80°C.

Complementary DNA synthesis

The isolated RNA from the tissues was utilized
for the synthesis of complementary DNA (cDNA)
using the oligo (dT)I5 primer provided in the
maxime RT PreMix Kit (iNtRON Biotechnology,

Korea, Cat. No. 25081/96 tubes). The reaction
volume was set at 20 uL as per the kit instructions.
The reverse transcription (RT) reaction took place at
45°C for 60 minutes, followed by RTase inactivation
at 95°C for 5 minutes. The synthesized cDNA was
stored at -20°C until required for DNA amplification
[36,37]

Determination of mRNA expression using Real-
Time PCR

To determine the mRNA expression levels of
GH, GHR, IGF-1, IGF-2, and MSTN genes, Real-
Time PCR (RT-PCR) was performed using Fast
SYBR Green Master Mix (Topreal TM PCR 2X pre
Mix, SYBR green with low ROX, enzynomics
Korea). The final primer concentration was 500
pmol, and the reaction volume comprised 20 pL [2
pL of cDNA, 1 uL of each Forward and Reverse
primer for the aforementioned genes (Table 3), 10 pL
of SYBR green master mix, and 7 puL of water]. The
Step One Plus instrument (Agilent stratagene
mx3000p) was employed, and the enzyme was
activated at 95°C for 15 min. The amplification
protocol involved denaturation at 95°C for 10s,
annealing/extension at 60°C for 15s, and elongation
at 72°C for 30s, spanning forty amplification cycles.
The B-actin housekeeping gene served for Ct value
normalization. Relative quantification of the
candidate genes in comparison to the reference (j3-
actin) gene was calculated using 222 method [43].

Ethical approval

This study was approved by the Ethics of Medical
Research Committee of the National Research
Centre, Al Buhouth St., Dokki, Cairo, Egypt
(Approval Date: 6.7.2023 / Approval No:
074130723).

Statistical analysis

Statistical analyses were performed, presenting
data as mean = SE. One-way ANOVA was utilized
to assess the effects of SP on chemical body
composition, gene expression, and biochemical
parameters, utilizing SAS [44] (version 17).
Duncan’s multiple range test was employed to
compare mean differences (at a significance level of
5%) [45].

Results
Growth Performance and Feed Utilization

Spirulina platensis supplementation at 1% (T2)
significantly influenced the growth of Nile tilapia
compared to control (0% SP), 2%, and 3% SP (Table
4). A substantial increase (P < 0.05) in body weight
gain (BWG) occurred in T2 (2.96+0.56 g) throughout
the experimental period, contrasting the decrease
observed in T1, T3, and T4 groups (1.25+0.15 g,
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2.4+0.06 g, and 1.53+0.02 g, respectively; P < 0.05).
T2 also exhibited the highest protein efficiency ratio
(PER) at 36.5 compared to T1, T3, and T4 (24.95,
22.00, and 21.90, respectively; Table 4).

A significant increase in feed conversion ratio
(FCR) and specific growth rate (SGR) was observed
in T2, recording the highest values of 1.09+0.01 and

1.63+0.01, respectively (P < 0.05). Conversely, the
lowest FCR value was noted in T4. No significant
differences were observed in survival rates (SR)
among treatments. Importantly, no statistically
significant variations were observed in fish body
composition except for ether extract (EE) content in
the T3 (2% SP) (Table 5).

TABLE 3. Primer sequences used for gene expression analysis of genes related to growth

Target gene  Accession No Primer Sequences 5' to 3’ Reference
F - CTGTCTGTCTGTCTGTCAGTCGT .

GH M26916 R- AGAGGAGACGCCCAAACAC Rentier-Delrue ef al. [38]
F - CGACCCAGAACCATCACC

GHR EF052862 R - GTCTCCTGACTGAGGGCAAG Ma et al. [39]
F - CCCGAACTTCCTCGACTTGA

IGE-1 EU272149 R - CCTCAGCCAGACAAGACAAAAA  Wvang et al. [40]

IGF-2 EU272150 F - CCCCTGATCAGCCTTCCTA Wang et al. [40]

MSTN R - GACAAAGTTGTCCGTGGTGA

AF197193 F - ACCAGCCCCACCTGAACT Rodgers ef al. [41]

R - ATCTGGGACGTGGCTCTCT

*B-actin EU887951 F - ACCCACACAGTGCCCATC Monteiro et al. [42]

R - CAGGTCCAGACGCAGGAT

TABLE 4. Mean growth performance and feed utilization + SE of Nile tilapia in different treatments at the end of 56

days experiment

Treatment Control 1% SP 2% SP 3% SP
n 12 12 12 12
W 12.0+0.5 12.0+1.8* 12.0+1.3 12.0+0.2°
FW 17.8348.0% 25.83429.5° 19.16+3.0° 16.97+14.7°
WG/day 1.25+0.15" 2.96+0.56" 2.41+0.06" 1.53+0.02¢
FCR 1.26+0.02° 1.09+0.01° 1.30+0.01° 1.40 +0.02°
SGR 1.28+0.01° 1.63£0.01° 1.38+0.01° 1.38 +0.0°
PER 24.9542.9° 36.50+10.8° 22.00 +1.1° 21.90 5.5
SR 88.9+5.6° 87.7+4.8° 88.9+2.8° 90.7+4.8°
TABLE 5. Body composition of Nile tilapia (O. niloticus) in different treatments
Component, % on DM basis
Treatment Dry matter
Crude protein Ether extract Ash
Control 29.5+0.3° 52.1£2.6° 24.5+2 6 12.940.5°
SP (1%) 28.8+1.3° 50.0+£2.5° 26.6+4.9° 11.8+1.6°
SP (2%) 26.8+1.9% 49.240.3" 29.5+0.1% 11.5%1.5%
SP (3%) 28.3+0.3° 522423 26.5+2.0° 11.4+0.8°

Biochemical analyses

The T2 group (1% SP) exhibited a significant (P
< 0.05) increase in serum protein and globulin levels
compared to the control. Conversely, the T3 (2% SP)
and T4 (3% SP) groups showed significantly
decreased levels of these parameters compared to the
control. Albumin concentration remained consistent
across all groups (P > 0.05). In terms of liver

function (AST and ALT), the highest values were
observed in the T3 group (P < 0.05), followed by the
T2 group, compared to the control. Serum glucose
concentration significantly increased in the T3 group
compared to both the control and the other treatment
groups (P < 0.05). However, -cholesterol
concentration remained unchanged across all treated
groups (P > 0.05) (Table 6).
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TABLE 6. Blood biochemical parameters of Nile tilapia (O. niloticus) fed different levels of Spirulina

Parameters Control 1% SP 2% SP 3% SP
Total protein (g/dl) 5.38+0.05° 7.03+0.04° 3.5240.05° 2.73+0.289
Albumin (g/dl) 1.63+0.30° 1.86£0.19° 1.79+0.03* 1.40+0.13
Globulin (g/d1) 3.75+0.26° 5.17+0.19° 1.73+0.06° 1.33+0.20¢
Glucose (mg/dl) 55.216.45° 78.86+2.74° 80.55+13.9° 140.749.13°
Cholesterol (mg/dl) 164.2£10.5° 142.0+11.46° 143.8+14.62° 150.0+10.75"
AST (Unit/I) 131.8+4.25% 114.3+7.04° 142.1+5.01° 182.6+11.13"
ALT (Unit/l) 34.16+0.78" 36.36+0.90° 44.08+1.86° 45.30+1.40°

Gene expression analysis
Gene expression in brain tissues

The expression of the GH gene in brain tissues
significantly increased in fish fed a diet containing
1% Spirulina compared to the control group (0% SP)
and those fed with 2% SP (P < 0.05) and 3% SP (P <
0.01). Moreover, a notable rise in GH gene
expression (P < 0.05) was also evident in the 2%
Spirulina group when compared to both the control
and 3% SP groups (Figure 1).

Gene expression in liver tissues

The expressions of the IGF-1 and IGF-2 genes in
liver tissues were significantly higher (P < 0.01) in
fish fed 1% Spirulina compared to the control, 2%
SP (P < 0.05), and 3% SP (P < 0.01) groups.
Additionally, both IGF-1 and IGF-2 mRNA levels
exhibited a significant increase (P < 0.05) in the
group fed with 2% SP in comparison to the control
and 3% SP groups (Figure 2).

Gene expression in muscle tissues

In muscle tissues, the expressions of GH, GHR,
IGF-1, IGF-2, and MSTN genes were evaluated
(Figure 3). The expression of the GH gene
significantly increased (P < 0.05) in fish fed a diet
containing 1% SP compared to both the control
group (0% SP) and other Spirulina treatments (2%
and 3% SP). Similarly, the level of GHR mRNA
showed a significant (P < 0.01) increase in the 1%

SP group in comparison to the control, 2% SP (P <
0.05), and 3% SP (P < 0.01) groups. Notably, the 2%
SP group displayed a significant (P < 0.05) increase
in GHR gene expression compared to the control and
3% SP group.

Regarding the expression of the IGF-1 gene,
significant elevation (P < 0.001) was observed due to
the 1% SP treatment compared to the control, 2% SP
(P < 0.05), and 3% SP (P < 0.01) treatments.
Additionally, up-regulation (P < 0.01) of IGF-1 was
detected in the 2% SP group compared to the control
and 3% SP (P < 0.05) groups.

The expression level of the IGF-2 gene
significantly increased (P < 0.01) in the 1% SP group
compared to the control, 2% SP (P < 0.05), and 3%
SP (P < 0.01) groups. Likewise, the 2% SP group
showed a significant (P < 0.05) increase in the IGF-2
mRNA level compared to the control and 3% SP
groups.

Regarding mRNA expression for the MSTN
gene, the highest expression level (4.70) was
observed in fish fed 3% SP, while the lowest
expression level (0.93) was found in the 1% SP
group. Statistical analysis revealed significant
differences between the 3% SP treatment and each of
the control (P < 0.01), 1% SP (P < 0.01), and 2% SP
(P < 0.05) treatments. Furthermore, treatment with
2% SP led to a significant up-regulation (P < 0.05) of
MSTN compared to the control and 1% SP
treatments.
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Fig. 1. Relative gene expression levels of GH gene were determined by real-time PCR in brain tissues of fish fed with
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Fig. 2. Relative gene expression levels of IGF-1 and IGF-2 genes were determined by real-time PCR in liver tissues of
fish fed with four Spirulina diets (0%, 1%, 2%, and 3%).

18

16

14

12

0% SP.

10

W 1% SP.

2% SP.

3% SP.

Relative mRNA expression

H

«$

> A2
X9 X9 $

Genes

Fig. 3. Relative gene expression levels of GH, GHR, IGF-1, IGF-2, and MSTN were determined by real-time PCR in
muscle tissues of fish fed with four Spirulina diets (0%, 1%, 2%, and 3%).
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Discussion

Nile tilapia (O. niloticus) represents an adaptable
and rapidly growing species in various aquaculture
systems, with profound implications for human
nutrition and economic welfare [12, 46]. The
utilization of SP in tilapia diets has been a subject of
interest in aquaculture due to its potential as a feed
additive or protein source. This study investigated
the effects of SP on the growth performance,
biochemical parameters, and gene expression in Nile
tilapia.

Effects of Spirulina on growth performance

In this study, the highest body weight gain was
observed in T2 (1% SP) compared to the control
group and the other groups. This result is consistent
with Amer [47], who reported that 1% SP was the
best level among four levels (0.0, 0.5%, 1%, and
1.5%) in Nile tilapia. Belal ef al. [48] also found that
adding 1% SP to tilapia diets led to significant
improvement of average weight gain (AWGQ),
specific growth rate (SGR), and feed conversion ratio
(FCR) compared to the control. Giiroy et al. [49]
observed that adding 2.5% SP to yellow tail cichlid
fish diet increased the total egg production
significantly (P<0.05) compared to the control diet.
Ramakrishnan et al. [50] reported enhancement of
SGR, FCR, and AWG by using Spirulina levels
ranging from 1 to 3% in common carp diet.

However, other investigations used SP as a
protein source and found different results. Velasquez
et al. [51] found improved growth performance of
Nile tilapia fed diets containing 30% Spirulina, and
reported that up to 60% of the alga did not induce
any adverse effects on growth performance. El-
Sheekh et al. [52] observed enhanced overall growth
performance in hybrid red tilapia (O. niloticus X O.
mossambicus) fed Spirulina up to 75% in fish diet.
Adel et al. [17] showed increased SGR and AWG in
great sturgeon (Husohuso) fed 10% Spirulina-
enriched feed.

On the other hand, some studies reported no
positive effects or even negative effects of Spirulina
on growth performance. Olvera-Novoa et al. [53]
demonstrated that tilapia fed diet supplemented with
Spirulina ranging from 20 to 100% of protein source
did not show any improvement in growth
performance. Ungsethaphand et al. [18] showed no
growth enhancement in hybrid red tilapia fed
Spirulina ranging from 5 to 20%. Adel et al. [17]
detected no increases in SGR and AWG in Huso
huso fish at 2.5% of Spirulina in fish diet. EI-Sayed
[54] found no significant differences for growth
performance between silver sea bream fed 50%
Spirulina-enriched diet and those fed control diet,
and reported adverse effect on growth performance
when the Spirulina level was 75%.

Effects of Spirulina on Biochemical Parameters

Biochemical analyses are important tools to
evaluate the physiological status of fish, especially
after adding food additives [55]. Liver enzymes
(ALT and AST) are biomarkers of hepatic damage
and liver function. Total serum protein, albumin, and
globulin play essential roles in immunological and
nutritional aspects [56]. Moreover, blood glucose
level serves as stress-sensitive indicator. Fish
exposed to external stressors release hormones such
as adrenaline and cortisol, triggering glycogenesis
and glycogenolysis pathways, consequently elevating
glucose production [57]. In our experimental results,
significant alterations were observed in the levels of
ALT, AST, total serum protein, and blood glucose
across different Spirulina supplementation levels.
These changes indicate a potential impact of
Spirulina on the liver function, immune system, and
stress response of Nile tilapia, shedding light on the
physiological changes induced by Spirulina-based
diets in aquaculture settings.

Gene expression analysis

The growth trait in farmed fish is intricately
regulated by a network of growth-related genes,
including somatotropic axis-related genes like GH,
GHR, IGF-1, IGF-2, and MSTN, which play pivotal
roles in various physiological processes [46, 58-61].
Notably, our study elucidated the modulation of
these genes in Nile tilapia (O. niloticus) in response
to dietary Spirulina supplementation .

Recent advancements in molecular genetics have
emphasized the importance of identifying optimal
gene expression levels that govern growth traits in
fish. Our findings are in line with studies
demonstrating differential regulation of growth-
related genes under varying nutritional conditions.
For instance, fish fed a 1% Spirulina diet showed
significant improvements in GH, IGF-1, and IGF-2
expressions in brain, liver, and muscle tissues
compared to the control and higher Spirulina-fed
groups [62-66].

Interestingly, while most genes showed
upregulation with Spirulina, the MSTN gene
exhibited a downregulation, indicating its role as a
negative regulator of skeletal muscle development
[64]. Similar observations were reported in European
sea bass and rainbow trout, where cytokine gene
expressions were notably affected by varied
Spirulina levels in the diet [65, 67].

However, our study noted an intriguing increase
in MSTN gene expression with escalating Spirulina
levels in the diet, contrasting previous reports [65].
Such disparities highlight the complexity of gene
regulation influenced by dietary components.
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Notably, the nutritional content and bioactive
components of Spirulina may pose challenges despite
its potential as a growth promoter or protein source.
While studies have highlighted the benefits of
microalgae in reinforcing the immune system and
promoting growth in certain fish species, excessive
amounts or specific formulations can hinder growth
[68-74].

Our experimental results mirrored previous
findings that increasing Spirulina levels beyond a
certain threshold, from 1% SP to 2% or 3% SP in
diets, negatively affected growth parameters. These
observations, evident in other fish species, highlight
the intricate balance required when incorporating
microalgae into fish diets to avoid growth inhibition
[72-74]. These insights underscore the significance
of meticulous dietary management to harness the
potential benefits of Spirulina while avoiding adverse
effects on growth in tilapia and other fish species.

Conclusion

The study demonstrates that incorporating
Spirulina platensis at a 1% level in Nile tilapia diets
significantly enhances growth performance, gene
expression, and biochemical parameters. These
findings underscore Spirulina's potential as a
beneficial feed additive or protein source for O.
niloticus fingerlings in aquaculture. However,
exceeding this optimal level resulted in detrimental
effects on certain physiological aspects. Thus, careful
optimization of Spirulina concentrations in fish diets
is crucial to leverage its benefits effectively while
avoiding adverse impacts.
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