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ABSTRACT

Background: Numerous natural phytobiotic products are used as feed additives to enhance fish performance, quality,
and immunity.

Aim: This study evaluated the effect of a natural phytobiotics mixture [Syrena Boost (SB)] on growth performance,
intestine health, immune-oxidative status, and hemato-biochemical parameters of fingerlings (Oreochromis niloticus).
Methods: Fish (n = 4,800, average initial weight = 1.247 £+ 0.047 g) were randomly distributed in 12 aquatic
compartments with a total water volume of 2 m*(2 x 1 x 1 m) for each one, representing four groups, in triplicate:
control group (CG), SB1, SB2, and SB3, in which fish received a basal diet (30/6, protein/lipid ratio) containing 0, 0.1,
0.2, 0.4 g kg™ SB, respectively, for 60 days.

Results: The results showed a significant (p < 0.05) improvement in fish performance (survival rate, specific growth
rate, weight gain, final weight, and feed conversion ratio) and intestine histomorphology (increased goblet cell number,
intestinal villi length, but inter-villi space, decreased) in fish that received SB1, SB2, and SB3 compared with CG
(» < 0.05) with the most favorable outcomes observed in treatment supplemented with SB2. Dietary inclusion of
SB at different doses (SB1, SB2, and SB3) improved certain blood hematological parameters, including globulin
and total protein, while decreasing aspartate aminotransferase, alanine aminotransferase, cholesterol, triglycerides,
glucose, and albumin compared with CG (p < 0.05), with the most favorable outcomes observed in SB2. The fish
showed improvements in digestive enzymes (lipase and amylase), antioxidant enzymes (increased catalase, superoxide
dismutase), as well as a reduction in malondialdehyde, as well as showed improvement in the immunity health
indicators (phagocytic index, phagocytic activity, and lysozyme activity), and gene expression (glutathione peroxidase,
and catalase, tumor necrosis factor-alpha, interleukin-1p, insulin-like growth factor, interleukin-8, and growth hormone
receptor) when they received SB1, SB2, and SB3 supplemented diets, with the most favorable outcomes observed in
SB2 compared with CG (p < 0.05). Thus, the SB at 0.2 g kg™ diet (SB2) can be used effectively in Tilapia diets to
improve growth, intestinal health, blood health, oxidative status, and immune-related gene expression.

Conclusion: Dietary supplementation with a natural phytobiotic mixture (SB®) improved fish performance, intestine
health, and the immune-physiological status of Nile tilapia fingerlings. The best findings in this experiment were
observed in fish that received SB2.

Keywords: Immune-physiological response, Gene expression, Growth performance, Nile tilapia, Phytobiotics.

Introduction functional feed supplementation (Khalafalla et al.,
The industrialization and sustainability of the 2020). Moreover, the sector is confronted with more
aquaculture sector are crucial for the global significant encounters and challenges due to inadequate
population’s food security and nutrition, relying fish health management and the high cost of aquafeed
on technological advancements and effective (Aboleila et al., 2022). Hence, dealing with these issues
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through dietary supplementation of growth and health
enhancers, such as phytobiotic feed additives, which
function as antimicrobial, antioxidant, antiparasitic,
stimulants of bile secretion, digestive enzyme activity,
growth promoters, and appetite enhancers, was a highly
pertinent subject in tilapia cultivation (Fawole et al.,
2020). Early supplementation with microencapsulated
essential oils (MEOs) improved the number,
length, and width of intestinal folds and increased
the number of goblet cells, positively influencing
intestinal morphology and health. Therefore, growth
parameters in Nile tilapia were improved after 30
days of supplementation (Roldan-Juarez et al., 2023).
Including supplementation with a blend of phytobiotics
for 20 days improved antioxidant protection, mitigated
the effects of stressors, modulated immunity, and
provided greater resistance and protection against
diseases in Nile tilapia (Estaiano de Rezende et al.,
2021). The use of additives, such as capsaicin, saponins,
and the essential oil of star anise, in Syrena Boost
(SB)® improves aquafeed efficiency, digestibility, and
production costs (Abozeid ef al., 2021).

The saponins found in Quillaja Saponaria (QS).
Additionally, Saponins exhibit a variety of effects on
both animal and human biological systems and serve as
active components in numerous medicinal formulations
and preparations of human vaccines (Oleszek and
Oleszek, 2020). Furthermore, they effectively improve
nutrient intake, digestibility, and the efficiency of feed
utilization in farmed fish, leading to a reduced demand
for oxygen, which is vital for growth (Francis et al.,
2005). Thus, it is considered one of the most important
commercial sources of phenolic-binding ammonia
extracts in the development aquaculture sector
(Angeles Ir, et al., 2017).

The primary component of hot red pepper is capsaicin,
which effectively boosts the activities of intestinal
and pancreatic enzymes, glucose-6-phosphate
dehydrogenase, and lipoprotein lipase in adipose tissue,
thereby enhancing nutrition and energy metabolism
(Platel and Srinivasan, 2004). Moreover, capsaicin and
cinnamaldehyde stimulate the production of amylase
(Steiner and Syed, 2015). The pungent characteristics
of hot red pepper (Capsicum annum L), were assessed
for their antioxidant potential and effectiveness against
some bacteria and fungi (Shahverdi et al., 2013; Akhtar
etal.,2017).

Many pharmacology studies have confirmed that
star anise has active compounds responsible for
antimicrobial, antioxidant, and anti-inflammatory
activities (Boota et al.,2018). In addition to its aromatic,
diaphoretic, anti-inflammatory, antiseptic, and stimulant
properties, it can inhibit protein denaturation, prevent
lipid peroxidation, and scavenge free radicals, which
are related to its anti-inflammatory and antioxidant
activities (Luis ef al., 2019). Additionally, it promotes
the digestion and immunity of fish because of its

antioxidant, antiparasitic, antibacterial, and antifungal
properties (Mohanasundari et al., 2022).

Numerous studies have been conducted on the effects
of QS, star anise, and capsaicin (hot red pepper) as
a single ingredient on fish growth performance and
health; however, their combined effects have not yet
been examined. Consequently, this study aimed to
investigate and explore the combined and synergistic
effects of dietary supplementation with a natural
phytobiotic mixture (SB®) as a source of QS, star anise,
and capsaicin on various parameters related to Nile
tilapia fingerlings, focusing on the efficiency of feed
utilization, absorption efficacy, growth performance,
flesh quality, intestine health, digestive enzymes, and
the hemato-biochemical and immunity and health
status.

Materials and Methods

Fish and culture systems

The present study was conducted at a private tilapia
hatchery (Tolmbat 7, Kafr Elsheikh Governorate,
Egypt). Two nets measuring (6 x 3 x 1 m each) were
used, with each net being divided into six equal aquatic
compartments with a total water volume of 2 m*(2 x 1
x 1 m) for each one and was filled with experimental
fish and provided with a continuous supply of fresh
water. Approximately 10% of the aquatic compartment
water volume was replaced every day; the fish were
maintained under a natural light schedule, following
a 12-hour light and 12-hour dark cycle. Mono-sex
fingerlings (n = 4,800, average weight: 1.247 + 0.047
g) were used in the present study. The fish were sourced
from a private tilapia nursery pond in Tolmbat 7, Kafr
Elsheikh, Egypt. They were transported by a special
car for fish transport equipped with an oxygen supply
in the morning and acclimatized for 15 days before
the experiment. In addition, 30% crude protein was
used as a control diet during the acclimatization phase.
Thereafter, 4,800 fish were distributed randomly into
four experimental treatments in triplicate (400 fish per
aquatic compartment).

Experiment diets and study protocol

The fish were categorized into four experimental
treatments as outlined below: (1) The control group
(CG) consisted of fish with a standard diet (Table 1);
(2) SB1, fish was given a standard diet that included 0.1
g kg™ of SB (Delacon Biotechnik GmbH, Austria), SB
consisted of (saponin 18%, essential oils 9%, silicon
dioxide 8%, and calcium carbonate 65%); (3) SB2, fish
were given a standard diet containing 0.2 g kg™! of SB;
(4) SB3, fish were given a standard diet containing 0.4
g kg of SB. During the feed manufacturing process,
sunflower oil was used to combine the experimental
diet with the tested feed additive (SB). The test diets
were combined, pelleted using a 0.5-mm diameter,
and dried for 24 hour at ambient temperature before
being stored at 20°C until needed. The feeding protocol
was conducted twice daily, administering 9% of body
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Table 1. Feed formulation and proximate chemical composition of the basal diet (on a DM basis).

Ingredient % Chemical composition %

Fish meal (60% CP) 3.2 Dry matter 90.0

Soybean meal 36.5 Crude protein 30.0

Corn gluten 8.0 Ether extract 6.02

Yellow corn 12.2 Crude fiber 4.95

Wheat middlings 22.5 Ash 5.1

Poultry by-product meal 4.0 Available phosphorus 0.4

Rice bran 8.0 Calcium 0.99

soy oil 2.0 Gross energy® 17.01
(KJ/kg)

Mono-calcium phosphate 0.6

Salt 0.5

Calcium carbonate 0.5

Premix® 2.0

Total 100.0

“Premix (mg kg™' premix): vitamin A (3300 IU), vitamin D3 (410 IU), vitamin B1 (133 mg), vitamin E (150 mg),
vitamin B2 (580 mg), vitamin B6 (410 mg), vitamin B12 (50 mg), biotin (9330 mg), choline chloride (4000 mg),
vitamin C (2660 mg), inositol (330 mg), para-aminobenzoic acid (9330 mg), niacin (26.60 mg), pantothenic acid
(2000 mg), manganese (325 mg), iron (200 mg), copper (25 mg), iodine, and cobalt (5 mg).

*Gross energy was calculated using 23.6 KJ/g protein, 39.5 KJ/g fat, and 17.2 KJ/g carbohydrates.

weight at 8:00 and 14:00 for 60 days (Huang et al.,
2015; Fahrurrozi et al., 2024). A fish sample was
collected from each tank every 14 days, followed by
weighing, and the feed quantity was modified based on
variations in body weight throughout the experimental
period. The feed and total feed intakes at the end of
the experiment were calculated and reported. Daily
mortality was recorded and was removed from the
aquatic compartments as soon as possible.

Water quality analysis

The water quality was maintained throughout the
experimental period at optimal standards by daily
monitoring of the water parameters. Temperature, pH,
and dissolved oxygen were determined in the aquatic
compartments using a Multiparameter probe meter
(HI9829-03042-HANNA® insrruments). A portable
photometer (Martini MI 405 MR) was also used for
total ammonia measurements (Abouelenien et al.,
2015).

The fish growth performance, feed utilization efficiency,
and various biometric indices

The collection of fish and the measurement of their
weight to determine the final weight were conducted
after the experimental period, which lasted 60 days. As
well as the fish’s overall length (L) was also recorded
using a measuring board. In brief, the efficiency of
feed utilization and fish growth performance [feed
conversion ratio (FCR), condition factor (K), body
weight gain (BWG), specific growth rate (SGR%)/
day], viscera-somatic index (VSI), hepato-somatic
index (HSI), and survival rate (SR%) were calculated

using the equations and formulas described by Abozeid
et al. (2021) and Elkaradawy et al. (2022).

Chemical composition of the whole fish body and diet
Before the experiment began, a chemical analysis of the
diet was performed. In addition, six fish were selected
randomly from each aquatic compartment for chemical
composition analysis after the end of the experimental
period. The fish were stored at a temperature of —40°C
until they were needed. The complete composition of
the fish body, including carbohydrates, crude protein,
lipid content, dry matter (DM), and ash, as well as
the test diet’s nutritional profile, was assessed using
standard methodologies (Baur and Ensminger, 1977).
In addition, the standard techniques reported by Van
Soest et al. (1991) were used to assess the fiber content.
Intestine histomorphology and morphometric changes
The tissues of the intestinal part (posterior, middle,
and anterior) were obtained by dissection of six fish/
treatment and immersion in 10% neutral-buffered
formalin for 3 days to achieve fixation. After fixation,
the samples were dehydrated and rinsed multiple
times in absolute alcohol (70%), followed by
embedding in paraffin and preparation for histological
investigations. On a Leica Rotary Microtome (RM
2145, Leica Microsystems, Wetzlar, Germany), serial
5 um longitudinal sections were cut and mounted on
glass slides. The slides were then routinely stained
with hematoxylin and eosin (H&E) for morphometric
analysis, as reported by Spencer et al. (2012). The
length and width of the intestinal villi and villi surface
area were assessed using the software of image analysis
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[National Institutes of Health (NIH), Bethesda, MD], as
assessed by Suvarna and Layton (2013). As described
by Al-Deriny et al. (2020), the density of goblet cells
was quantified per unit surface area.

Blood sampling and serum separation

According to Jian (1986), samples of caudal vein
blood (nine fish/treatment) were obtained after the
experimental period and then placed in a vacuum tube
containing anticoagulant (EDTA) for hematological
analysis. The blood serum was collected without
anticoagulants. The clotted blood was centrifuged at
3,000 rpm for 15 minutes at 4°C. After this process,
the supernatant serum was carefully aspirated and
stored in Eppendorf tubes at a temperature of —20°C
for subsequent reliable analysis.

Hematological analysis

As reported by Thrall et al. (2004), the hematological
parameters [hemoglobin content, packed cell volume
(PCV), red blood cells (RBCs) count, mean corpuscular
hemoglobin (MCH), mean corpuscular volume (MCV),
MCH concentration (MCHC), and total and differential
white blood cells (WBCs)] count were measured.
Serum biochemical analysis

Based on the methods reported by Henry (1964), total
serum protein (TP) was assessed colorimetrically at a
wavelength of 546 nm, whereas albumin in the serum
was assessed colorimetrically ata wavelength of 630 nm,
as reported by Doumas et al. (1981). By subtracting the
albumin value from the total protein value, the globulin
content was mathematically estimated. The activities
of AST and ALT were colorimetrically assessed using
a wavelength of 540 nm according to Reitmen (1957).
Total cholesterol levels and serum triglyceride levels
were analyzed according to the instructions of the
manufacturer’s methods of the commercial clinical
kit (CHOD-PAP and GPO-PAP, Elabscience, USA),
respectively (Li et al., 2018). The serum creatinine
level was measured using the colorimetric method
reported by (Heinegard and Tiderstrom, 1973). Based
on the methods of Trinder (1969), glucose levels were
assessed using glucose enzymatic PAP kits (Bio-
Merieux, France).

Antioxidant capacity

ELISA kits (Inova Biotechnology, China) as explained
by Abdel-Tawwab et al. (2018) were used to measure
the serum levels of catalase (CAT), superoxide
dismutase (SOD), and malonaldehyde (MDA) using an
ELISA Microplate Reader at a wavelength of 450 nm.
The activities of digestive enzymes

The techniques explained by Abdel-Tawwab et al.
(2018) were used to measure the levels of digestive
enzymes, specifically amylase and lipase. The
activities of these enzymes in fish serum (nine fish per
treatment) were evaluated using diagnostic reagent
kits from Cusabio Biotech, located in Wuhan, Hubeli,
China, following the procedures provided by the
manufacturer’s guidelines.

Immunity status

Based on methods explained by Demers and Bayne
(1997), the activity of lysozyme in the serum was
evaluated using clinical kits sourced from Sigma, USA.
While the Kawahara et al. (1991) method was used
to evaluate phagocytic activity (PA). The subsequent
formulas were employed to quantify the number of
phagocytic cells and assess the phagocytic index (PI).
The PI is the ratio of the number of phagocytized cells
to the number of phagocytic cells; PA is the ratio of
the number of macrophages carrying yeast to the
macrophages’ total number % 100.

Gene expression analysis

Tissue samples of the fish liver (six fish/treatment)
were gathered within a sterile Eppendorf tube (2 ml).
The tissue samples were stored at —80°C after being
shocked in liquid nitrogen until analysis. Then, 50 mg
of liver tissue was used to extract the total RNA using
Trizol (iNtRON Biotechnology, Inc., Korea) according
to the guidelines of the manufacturer. RNA integrity
was confirmed using ethidium bromide-stained 2%
agarose gel electrophoresis. A Nanodrop BioDrop
spectrophotometer  (Biochrom Ltd., Cambridge
CB23 6DW, UK) was used to determine the RNA
concentration and purity using the A260/A280 nm
ratio. Following the manufacturer’s instructions, 2 pug
of the RNA sample were reverse-transcribed using the
ABT 2X RT Mix cDNA synthesis kit (Bioline, UK).
Gene expression profiling was conducted using Rotor
Gene-Q (Qiagen-Germany), employing gene-specific
primer sequences to amplify various genes, including
growth-related genes, such as insulin-like growth
factor (/GF), and growth hormone receptor (GHR),
inflammatory (immunity)-related genes such as
interleukin-1f (/L-1p), interleukin-8 (/L-8), and tumor
necrosis factor-alpha (TNF-a), and antioxidant genes,
such as CAT and glutathione peroxidase (GPX) (Table
2). The ABT 2X qPCR Mix (SYBR) kit was used for the
amplification reaction. The final volume of the reaction
was 20 pl, which was composed of 10 ul SYBR Green,
0.6 ul of forward and reverse specific primers, 1 pl of
cDNA template, and nuclease-free water. PCR was
performed at a temperature of 95°C for 15 minutes,
denaturation (40 cycles) at a temperature of 95°C for 10
seconds, annealing at the primer-specific temperature
for 15 seconds, and extension at a temperature of 72°C
for 25 seconds. The melt curve was then analyzed to
evaluate the amplification specificity at a temperature
of 72°C-95°C. Each gene was examined three times.
Each sample’s CT values were calculated and added
to the “fold change” (2—AACT), using a calculation
explained by Livak and Schmittgen (2001), as well as
the expression of mRNA of each sample normalized
against the elongation factor 1 alpha (EF1A) as a
housekeeping gene.

Statistical analysis

The GraphPad Prism software (version 8.01) was
used to perform statistical analysis after the data were
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Table 2. Primers used for gRT-PCR analysis.

Gene Primer Reference
F: TCAACGCTCAGGTCATCATC

EF14 Con et al. (2019)
R: ACGGTCGATCTTCTCAACCA
F: CAGACTTCTACGCTCAGGTC

GHRI El-Naggar et al. (2021)
R: CTGGATTCTGAGTTGCTGTC
F: GTTTGTCTGTGGAGAGCGAGG

IGF1 El-Naggar et al. (2021)
R: GAAGCAGCACTCGTCCACG
F: CTGTGAAGGCATGGGTGTGGAG

1-8 Abdo et al. (2022)
R: TCGCAGTGGGAGTTGGGAAGAA
F: TCAGTTCACCAGCAGGGATG

I-1p Abdo et al. (2022)
R: GACAGATAGAGGTTTGTGCC
F: AAGCCAAGGCAGCCATCCAT .

INF-a R: TTGACCATTCCTCCACTCCAGA Limbu et al. (2018)
F: CCCAGCTCTTCATCCAGAAAC

CAT Abdo et al. (2021)
R: GCCTCCGCATTGTACTTCTT
F: CCAAGAGAACTGCAAGAACGA

GPX Abdo et al. (2021)

R: CAGGACACGTCATTCCTACAC

EF1A = elongation factor | alpha; GHR I = growth hormone receptor; /GF/ = msulin-
like growth factor; /I-8 = interleukin-8; //-1f = interleukin-1f; TNFA = tumor necrosis
factor alpha; CAT = catalase; GPX = glutathione peroxidase.

evaluated for homogeneity of variance and normality.
One-way analysis of variance (ANOVA) and Tukey’s
post-hoc multiple comparison test were used to
examine the effect of SB on fish growth performance,
intestine health, immune-oxidative status, and haemato-
biochemical and gene expression of growth (GH and
IGF-1), antioxidant (GPX, CAT), and immunity (/L-8,
IL-1p, and TNF-a) for significant differences among
the experimental treatments. According to the p-value
below 0.05, the differences became significant and are
indicated by different superscript letters. Means and
standard deviations are used to express all results.

Results

The fish growth performance, feed utilization efficiency,
and biometric indices

The feed utilization efficiency, growth performance,
and biometric indices of Nile tilapia-fed experimental
diets are presented in Table 3. Treatment with SB2
or SB3 exhibited significant improvements in body
weight gain and final body weight and a significant
improvement in FCR compared with CG (p < 0.05).
However, feed intake, weight gain rate, specific growth
rate, total length, and SR significantly increased in
fish fed SB1, SB2, and SB3 compared with the CG (p
< 0.05), and the best findings were obtained in fish-
supplemented with SB2. The HSI revealed a significant
improvement in fish that acquired SB1, followed by
SB2. However, VSI, initial body weight, and condition

factor (K) were not significantly different between all
experimental treatments (p > 0.05).

Proximate body chemical composition

Table 4 lists the fish’s chemical compositions. The
crude protein content and lipid level of the fish that
acquired SB1, SB2, and SB3 increased significantly
(p < 0.05) with respect to CG. Carbohydrate levels
increased significantly (p < 0.05) in fish receiving
SB2 and SB3, with respect to CG, but there were no
significant differences between SB1 and CG. While
fish receiving SB2 had significantly lower levels of
ash and fiber, followed by SB3 and SBI, concerning
CG, the DM levels of all experimental groups were not
significantly different (»p > 0.05). SB2 reported the best
results.

Histomorphology of the urinary tract and morphometric
changes

The goblet cell counts and the length of the villi of
different sections of the fish intestine (posterior, middle,
and anterior) were significantly (p < 0.05) higher in fish
that received SB2, followed by SB3, in comparison
with CG (Table 5 and Fig. 1). Better outcomes were
observed in fish supplemented with SB2. In contrast,
the inter-villi space revealed a significant decrease in
all intestinal sections (posterior, middle, and anterior)
in fish receiving SB2, followed by SB3, and SBI,
compared with CG. With the exception of the middle
intestinal segment, where fish receiving SB2 showed a
significant decrease in villi width, while the posterior


http://www.openveterinaryjournal.com

http://www.openveterinaryjournal.com

S. G. Mabrouk et al.

Open Veterinary Journal, (2025), Vol. 15(2): 746-764

Table 3. Growth performance, feed utilization, and biometric indices of fish-fed experimental diets for 60 days.

CG SB1 SB2 SB3 p value
Initial body weight (g) 1.28 £0.061* 1.274+0.204* 1.187 £ 0. 100? 1.247 £ 0. 047¢ 0.7807
Final body weight (g) 14.2 +0.755* 15.633 + 0.987* 19.933 £ 0.379° 19.1 + 0.600° <0.0001
Body weight gain (g) 12.667 £ 0.902° 14.233 +£0.069* 18.667 +0.252% 17.767 £ 0.950° <0.0001
Weight gain rate (%) 951.56 £45.05* 1151.47 +254.04® 1609.73 + 150.10°> 1440.57 +41.69° 0.0029
FCR 1.543 +0.021* 1.437 £ 0.055° 1.233 £0.057° 1.287 +0.032° <0.0001
Feed intake (g) 19.483 £ 1.760*  20.360 + 0.748 ™ 22.883+1.003°>  22.860 + 1.426™ 0.0249
Specific growth rate (%/day) 3.92+0.073* 4.187 +£0.359® 4.727 £ 0.150° 4.557 £0.045° 0.0044
Length (cm) 8.367 +0.153¢ 8.833 £0.115° 9.233 £0.152° 9.233 £ 0.252° 0.0009
Condition factor (K) 2.397 +0.240° 2.247 +£0.247° 2.497 £ 0.090? 2313 +£0.194° 0.3294
Hepato-somatic index 2.267 +£0.252® 2.687+£0.164° 2.603 +£0.131*® 2.16+0.197° 0.0258
Viscero-somatic index 4.893 +0.422* 5.060 +0.413* 4.957+0.139° 4.677+0.157¢ 0.0542
SR % 84.343 £2.082*  91.567 £+ 0.603° 97.167 +0.289¢ 94.5 + 0.866" <0.0001

Note: Means + SD within the same row with different superscripts are significantly different (p < 0.05). Different superscript letters (a, b, c, d)
indicate significant differences between different groups: CG, the fish received basal diet; Syrena Boost group 1 (SB1), fish received basal diet
containing 0.1 g kg™' Syrena Boost; Syrena Boost group 2 (SB2), fish received basal diet containing 0.2 g kg™' Syrena Boost; Syrena Boost group

3 (SB3), fish received basal diet contain 0.4 g kg™' Syrena Boost.

Table 4. Proximate body chemical composition (Parameter %, as DM basis) of fish-fed experimental diets for 60 days.

CG SB1 SB2 SB3 p value
Protein level (%) 55.03+0.448 56023 +0.501%  56.53+0305°  56.36+0.381" 0.0213
Lipids (%) 8.08+0010' 10253 +0.583"  10.533+0.635°  11.297 +0.523" 0.0003
Ash (%) 21547 0421*  20.513£0.110° 1964740337  20.333£0208%  0.0004
Fiber (%) 24640072  2287+0206%  2.05+0.046° 2297 +0.166" 0.0413
Carbohydrate (%) 321706400 3.25+0476° 448+0247°  3.36+0.408" 0.0293
Dry matter percentage as o) 11,115 91.387+0361°  91.09+0.173*  91.197 +0.305* 0.5167

fresh matter basis

Note: Means + SD within the same row with different superscripts are significantly different (p < 0.05). The different superscript letters (a, b, c,
d) indicate significant differences between different groups: CG, the fish received basal diet; Syrena Boost group 1 (SB1), fish received basal diet
containing 0.1 g kg™' Syrena Boost; Syrena Boost group 2 (SB2), fish received basal diet containing 0.2 g kg™' Syrena Boost; Syrena Boost group

3 (SB3), fish received basal diet containing 0.4 g kg™' Syrena Boost.

and anterior intestinal segments’ villi widths were not
significantly different between any of the experimental
treatments(p > 0.05).

Hematological analysis

Table 6 presents the blood hematological parameters
of Nile tilapia-fed experimental diets. Fish treated with
SB1, SB2, and SB3 had significantly higher levels
of RBCs, Hb, PCV, MCV, MCH, MCHC, WBCs,
heterophils, basophils, lymphocytes, and monocytes
than those treated with CG (p < 0.05). The best findings
were found in fish that received SB2.

Serum biochemical analysis

The biochemical blood profiles of Nile tilapia diets
supplemented with various SB additions are shown
in Table 7. Fish treated with SB1, SB2, and SB3 had
significantly lower values of AST, ALT, triglycerides,
cholesterol, glucose, and albumin compared with CG

(p <0.05), in addition, the SB2 had the lowest values.
Fish that received SB2 and SB3 had significantly higher
total protein levels compared with CG (p < 0.05), but
SB1 showed no significant differences compared with
CG. Fish acquired SB1, SB2, and SB3 had significantly
higher globulin levels than CG (p < 0.05), with SB2
showing the highest levels. However, creatinine levels
did not differ significantly between the experimental
treatments (p > 0.05).

Antioxidant capacity

The antioxidant capacity profiles of Nile tilapia-
fed diets treated with various inclusions of SB are
presented in Table 8. The SOD values in SB2 and SB3
revealed higher differences significantly (p < 0.05) in
comparison with CG, with non-significant differences
between SB1 and CG. Nevertheless, the activity of
CAT obtained by SB2, SB3, and SB1 exhibited more
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Table 5. Intestinal histomorphology of fish exposed to different experimental treatments for 60 days.

Variable

CG

SB1

Anterior part
Villi length (um)
Villi width (pum)
Goblet cell/mm?

The inter-villi space
(nm)

Middle part
Villi length (um)

Villi width (pum)
Goblet cell/mm2
The inter-villi space
(um)
Posterior part

Villi length (um)
Villi width (pum)
Goblet cell/mm?2

The inter-villi space

151.487 £ 15.48°
112.108 +20.8422
32 +£3.606°

104.943 + 14.55°

373.497 £24.584*

88.165 £ 8.685*
50.667 + 3.055°
33.357 +£3.571*

69.780 + 11.628°
125.567 £45.946*
17.33 £3.055¢
123.111 +33.495°

227.611 + 17.604°
114.84 +7.845°
40 + 3.606*

80.878 + 6.64*

491.627 +43.98*

95.728 +7.280°
64.334 +£3.215°
23.160 £ 5.784°

89.27 +8.5522
87.454 +£10.912*
25.33 £2.516%
99.507 +22.469

SB2 SB3 p value

376.646 £ 28.711° 286.525 + 11.085¢ <0.0001

86.42 +30.315° 100.855 £ 3.95* 0.3114

70.333 £ 5.508° 54.667 £+ 6.506° <0.0001

42.490 £ 9.29° 52.941 £ 13.692% 0.0029

738.84 +39.57° 593.617 + 0.0018
133.102%

65.887 £9.523" 81.340 + 7.387® 0.0122
90.00 +4.001¢ 77.00 + 7.00¢ <0.0001
8.823 £ 0.577¢ 12.093 +2.303¢ 0.0001

197.925 £10.616* 123.389 & 5.384° <0.0001

87.972 +£10.4542 106.678 £ 19.90° 0.3013
39.33 +3.511° 33.667 + 3.785 0.0002
37.59 +10.55> 56.294 + 17.649b 0.0061

(um)

Note: Means + SD within the same row with different superscripts are significantly different (p < 0.05). Different superscript letters (a, b, ¢, d)
indicate significant differences between different groups: CG, the fish received basal diet; Syrena Boost group 1 (SB1), fish received basal diet
containing 0.1 g kg™! Syrena Boost; Syrena Boost group 2 (SB2), fish received basal diet containing 0.2 g kg™' Syrena Boost; Syrena Boost group

3 (SB3), fish received basal diet containing 0.4 g kg™! Syrena Boost.

significant differences than CG (p < 0.05), as well as
SB2 showed the greatest results. MDA activity was
significantly decreased (p < 0.05) in fish treated with
SB1, SB2, and SB3 compared to CG. The SB2 group
had the highest results.

The activities of digestive enzymes

Significant variations in digestive enzyme activity
(p < 0.05) were identified among Nile tilapia-fed
experimental diets (Fig. 2a and b). Fish treated with
SB2 and SB3 showed the most significant differences
(p <0.05) in lipase enzyme activity compared with CG,
with non-significant differences between SB1 and CG.
The activity of the amylase enzyme in the treatment
groups (SB1, SB2, and SB3) was significantly increased
(p <0.05) compared with that of CG.

Immunity status

Lysozyme activity was considerably increased in fish
treated with SB1, SB2, and SB3 compared to the CG (p
< 0.05) (Fig. 3a). The highest levels were observed in
fish supplemented with SB2. The phagocytic activities
of fish-fed diets containing SB1, SB2, and SB3 differed
significantly (p < 0.05) from those of CG (Fig. 3b),
with SB2 exhibiting the best results. Fish treated with
SB2 and SB3 had a significantly higher phagocytic
index than CG (p < 0.05) (Fig. 3¢), with non-significant

differences between SB1 and CG. In addition, SB2
obtained the best results.

Gene expression analysis

Expression ofthe GH gene was significantly upregulated
(p < 0.05) in the fish acquired SB1, SB2, and SB3
compared with CG (Fig. 4a), with the highest values
observed in fish treated with SB2. Figure 4b exhibited
significant elevation (p < 0.05) of the /GF-I gene in
fish fed a diet supplemented with SB2 concerning
CG, with non-significant differences between SBI,
SB3, and CG. GPX gene expression was significantly
upregulated (p < 0.05) in fish-fed SB1, SB2, and SB3
compared with CG (Fig. 5a), and CAT gene expression
was significantly upregulated (»p < 0.05) in fish-fed
SB1, SB2, and SB3 compared with CG (Fig. 5b).
The highest values were recorded in fish treated with
SB2. IL-8 gene expression was significantly (p < 0.05)
upregulated in fish fed SB2 and SB3 compared with
CG (Fig. 6a), with non-significant differences between
SB1 and CG. /L-1f and the expressions of TNF-a were
up-regulated significantly (p < 0.05) in fish fed SB1,
SB2, and SB3 compared with CG (Fig. 6b and c) with
the highest levels observed in fish supplemented with
SB2.


http://www.openveterinaryjournal.com

http://www.openveterinaryjournal.com
S. G. Mabrouk et al.

Open Veterinary Journal, (2025), Vol. 15(2): 746-764

CG SB1 SB2 SB3
Anterior (B
part e s
normal villi . Tnormalvili | marked increased icreasedv1111 léngth
villi length
Middle
part
. ant Y, T TN
long and branched villi - 2w TS s W i
lined with pseudostratified increased villi length marked increased Increase the
epithelium intestinal villi length | ;i testinal villi length.
R
Posterior
part
o o (4, mn .
o Y b . : =
normal mucosal folds normal mucosal folds a marked increase in | [ycrease the
mucosal folds' length | j¢estinal fold length.

Fig. 1. Hematoxylin-eosin-stained (H&E, bar = 100 pm) photomicrographs of the anterior, middle, and posterior parts
of the intestine of fish exposed to different experimental treatments for 60 days. The CG, the fish received a basal diet;
Syrena Boost group 1 (SB1), fish received a basal diet containing 0.01 g kg™ Syrena Boost; Syrena Boost group 2
(SB2), fish received a basal diet containing 0.02 g kg™! Syrena Boost; Syrena Boost group 3 (SB3), fish received a basal

diet containing 0.04 g kg™ Syrena Boost.

Discussion

Numerous natural phytobiotic products are used as feed
additives to enhance fish husbandry. Moreover, these
alternative supplements have an excellent safety profile
for the general health of fish and consumers (Elbialy
et al., 2021; Rahman et al., 2023). The improvement in
all growth performance and feed utilization parameters
observed in this study reflects the power of using SB
as a phytobiotic mixture in fish-supplemented feed
for enhancing feed utilization indices and growth
performance, and it is due to its composition of
Quillaja Saponins (QSs) and capsaicin from pepper,
which can improve the permeability of intestinal wall

and enhance nutrient absorption (Prakash ez al., 2013;
Elkaradawy et al., 2022); in addition, capsaicin from
pepper can enhance animal performance by stimulating
digestive secretions or directly inhibiting bacteria in
the gut (Citarasu, 2010). Moreover, Essential oil found
in Star anise, which is rich in bioactive compounds
like anethole, estragole, and anisaldehyde, has been
found to enhance digestion and growth performance
(Mohanasundari et al., 2022). These findings agree
with those reported by Elkaradawy et al. (2022), who
found an improvement in the growth performance of
Nile tilapia as a response to QS supplementation (300
mg kg™) as well as Ibrahim et al. (2024) and Yilmaz
et al. (2024) recorded that growth performance also
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Table 6. Hematological profiles of fish-fed experimental diet for 60 days.

CG

SB1

WBCs (¥10%/mm?)

RBCs (x 10/mm?)

20.347 £ 0.155*
3.820 +0.106*

23.337+£0.367°
3.960 + 0.053*

Hb (g/100 ml) 11.640 + 0.140? 12.107 £0.116°
PCV (%) 38.667 £ 0.577*  39.333 +£0.577%
MCV 95.967 £0.351* 97.087 £ 0.105°
MCH 30.043 £ 0.051° 30.250 £ 0.050%
MCHC 30.680 + 0.087¢ 31.170 £0.061°
Heterophils (x103/ 3.293 £ 0.060* 3.733 £ 0.058
mm?)

Basophil (x10%/mm?) 0.217 £ 0.029* 0.303 = 0.006°
Lymphocytes (x10%/ 14.860 + 0.327¢ 17.100 + 0.346°
mm?)

Monocytes (x10%/mm?)

1.677 £0.051¢

1.897 +0.050°

SB2 SB3 p value
30.263 + 0. 212¢ 25.493 £ 0. 352¢ <0.0001
4.297 £ 0.025° 4.097 £ 0.095 0.0004
12.553 +£0.129¢ 12.423 +£0.108 <0.0001
40.333 £0.577" 39.333 +£0.577* 0.0452
98.790 + 0.295¢ 97.463 +0.356° <0.0001
30.933 +0.208" 30.467 +0.208° <0.0001
31.567 +0.115¢ 31.223 £0.143° <0.0001
5.247 + 0.404° 3.933 £0.231° <0.0001
0.387 +£0.032¢ 0.330 +£0.010% 0.0001
20.780 + 0.677° 18.163 +0.292° <0.0001
2.640 + 0.100¢ 2.290 + 0.085¢ <0.0001

Note: Means + SD within the same row with different superscripts are significantly different (p < 0.05). Different superscript letters (a, b, c, d)
indicate significant differences between different groups: CG, the fish received basal diet; Syrena Boost group 1 (SB1), fish received basal diet
containing 0.1 g kg™' Syrena Boost; Syrena Boost group 2 (SB2), fish received basal diet contain 0.2 g kg™' Syrena Boost; Syrena Boost group 3

(SB3), fish received basal diet contain 0.4 g kg™' Syrena Boost.

Hb = hemoglobin; MCH = mean corpuscular hemoglobin; MCHC = MCH concentration; MCV = mean corpuscular volume; PCV = packed cell

volume; RBCs = red blood cells; WBCs = white blood cells.

Table 7. Blood biochemical profiles of fish exposed to different experimental treatments for 60 days.

CG SB1 SB2 SB3 p value
Total protein (g/dl) 4.183 £0.023* 4213 +0.015° 4.993 + 0. 090° 4.639+0.071° <0.0001
Albumin (g/dl) 1.404 +0.17* 1.238 +0.066° 1.148 £ 0.0179° 1.271 £ 0.0° 0.0002
Globulin (g/dl) 2.740 + 0.026° 2.990 + 0.036° 3.867 +0.035° 3.348 +0.038¢ <0.0001
AST (U/L) 30.567 £ 0.430° 28.740 + 0.336° 25.390 + 0.245¢ 27.910 +0.245° <0.0001
ALT (U/L) 30.780 £ 0.310° 28.970 + 0.154° 26.730 £ 0.252¢ 28.337 £0.529° <0.0001
Triglyceride (mg/dl) 90.283 +0.529° 87.500 + 0.458° 84.260 + 0. 673¢ 87.313+0.201° <0.0001
Cholesterol (mg/dl) 90.280 £ 0.255°® 85.737+£0.350° 79.833 £ 0.252¢ 82.467 +0.416¢ <0.0001
Glucose (mg/dl) 12.783 £0.251° 12.267 £ 0.351* 11.267 +=0.168° 11.877 £+ 0.100* 0.0003
Creatinine(mg/dl) 0.370 +0.020 0.373 £0.0755 0.290 +0.010 0.317 +0.021 0.413

Note: Means + SD within the same row with different superscripts are significantly different (p < 0.05). Different superscript letters (a, b, ¢, d)
indicate significant differences between different groups: CG, the fish received basal diet; Syrena Boost group 1 (SB1), fish received basal diet
containing 0.1 g kg™' Syrena Boost; Syrena Boost group 2 (SB2), fish received basal diet containing 0.2 g kg™' Syrena Boost; Syrena Boost group

3 (SB3), fish received basal diet containing 0.4 g kg™' Syrena Boost.

ALT = alanine aminotransferase; AST = aspartate aminotransferase.

increased when using the hot red pepper “Capsicum
annuum” as feed supplementation for Nile tilapia.
Mohanasundari et al. (2022) also explained the role
of star anise essential oil in improving and enhancing
Nile tilapia fish growth. Roldan-Juarez et al. (2023)
also found an improvement in the growth performance
of Nile tilapia fingerlings in response to MEO
supplementation.

Supplementation with natural phytobiotics especially
(SB) can affect the whole body’s proximate chemical

composition of fish. Hence, the study findings revealed
a general increase in protein, lipid, and carbohydrate
levels and a decrease in ash and fiber levels. This
notable improvement in the chemical composition
of fish returned to the high activity and efficiency of
digestive enzymes (lipase and amylase), enhanced
growth performance, and decreased MDA production.
These results are in parallel with those of Francis et al.
(2002a); Abdel-Hakim et al. (2014); and Gongalves
etal., (2019).
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Table 8. Oxidative parameters of Nile tilapia exposed to different experimental treatments for 60 days.

CG SB1 SB2 SB3 p value
SOD U/g 12.677 £ 0.325* 13.813 +£0.312¢ 18.660 + 0.279° 18.290 + 0.689° <0.0001
CAT U/g 8.187 £ 0.166* 9.560 + 0.320° 10.647 +0.366° 9.733 £0.436° 0.0002
MDA nmol/g 16.357 £0.191* 14.967 £0.153 13.650 £0.180° 14.280 £0.203°¢ <0.0001

Note: Means + SD within the same row with different superscripts are significantly different (p < 0.05). Different superscript letters (a, b, c, d)
indicate significant differences between different groups: CG, the fish received basal diet; Syrena Boost group 1 (SB1), fish received basal diet
containing 0.1 g kg™' Syrena Boost; Syrena Boost group 2 (SB2), fish received basal diet containing 0.2 g kg™' Syrena Boost; Syrena Boost group
3 (SB3), fish received basal diet containing 0.4 g kg™' Syrena Boost.

CAT = catalase; MDA = malonaldehyde; SOD =, superoxide dismutase.
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Fig. 2. Digestive enzyme activity (A- lipase, B- amylase) of fish (nine fish/treatment) fed experimental diets for 60
days. The columns (mean + SD) with different letters were significantly different (p < 0.05, one-way ANOVA).
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Fig. 3. Immune response (A- Lysozyme activity, B- Phagocytic activity, and C- Phagocytic index) of fish fed
experimental diets for 60 days. The columns (mean + SD) with different letters were significantly different (p < 0.05,
one-way ANOVA).

Intestinal morphometry gives anindication ofabsorption the goblet cell count and the height/width of intestinal
potentiality, the nutrient utilization efficiency of aquatic villi serve as reliable indicators of intestinal health
species, and the absorption area capacity. as well as (Mohamed ef al., 2021), as more goblet cells result in
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Fig. 4. Growth-related genes [A- growth hormone (GH) gene and B- insulin-like growth factor (/GF) gene] expression
of fish exposed to different experimental treatments for 60 days. The columns (mean + SD) with different letters were

significantly different (p < 0.05, one-way ANOVA).
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Fig. 5. Expression of antioxidant genes [A- Glutathione peroxidase (GPX) and B- and catalase (CAT) gene] expression
of fish exposed to different experimental treatments for 60 days. The columns (mean + SD) with different letters were

significantly different (p < 0.05, one-way ANOVA).

more mucins or glycoproteins being secreted, which
permits intestinal microbiota modulation and prevents
the growth of harmful bacteria (Abdel Rahman et al.,
2019). The findings demonstrated an enhancement of
the histomorphological parameters of the intestines in
the experimental groups supplemented with SB. This
is because dietary saponins improve the permeability
of intestinal membranes to digested food ingredients
(Francis et al., 2002b). Notably, improvement in
intestinal morphometry was associated with the
increased activity of digestive enzymes and improved

growth performance. Similar to the findings of Roldan-
Juarez et al. (2023), early supplementation with MEOs
improved the number, length, and width of intestinal
folds and increased the number of goblet cells in Nile
tilapia after 30 days of supplementation. Compatible
with Francis ef al. (2005) and Elkaradawy et al. (2021),
the QS role in enhancing intestinal health by increasing
the absorption area’s capacity is also explained.
These outcomes are also compatible with Kawabata
et al. (2009) discussed capsaicin’s role in promoting
intestinal health, as capsaicin effectively enhances
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Fig. 6. Expression of inflammatory (immunity)-related genes [A- Interleukin-8 (/L-8) gene, B- Interleukin-1p (/L-1/)
gene, and C- tumor necrosis factor-alpha (7NF-a) gene] expression of fish exposed to different experimental treatments
for 60 days. The columns (mean + SD) with different letters were significantly different (p < 0.05, one-way ANOVA).

the metabolism of nutrients and energy by boosting
the activities of glucose-6-phosphate dehydrogenase,
lipoprotein lipase in adipose tissue, and pancreatic and
intestinal enzymes.

The blood hematological parameters of Nile tilapia are
important indicators of fish health. The improvement
in all hematological parameters in fish treated with
SB observed in this study indicates the ability of the
phytobiotic mixture to improve the general health and
immunity of fish. This outcome could be explained by
QS’s capacity to modify immunity by boosting antigen
absorption, inducing the generation of cytotoxic T
lymphocytes and cytokines in response to various
antigens, and acting as an immunostimulant (de Groot
and Miiller-Goymann, 2016; Fleck et al., 2019), as
well as the anti-inflammatory and immunomodulatory
properties of capsaicin and the essential oil of star anise
(Luis et al., 2019; Valdivieso-Ugarte et al., 2019).
The current findings align with those of Giiroy et al.
(2016), who reported that adding QS to the diet of
young striped catfish led to an improvement in PCV.
Additionally, Amiri and Bahrekazemi (2017) noted
an increase in the percentage of WBCs, heterophils,
basophils, monocytes, and lymphocytes in fish fed a
diet containing 0.5% QS. The increase in lymphocytes
coincided with the findings of Elkaradawy et al.
(2022), who observed a higher lymphocyte percentage
in Nile tilapia fingerlings that were given diet-acquired
QS (300 mg kg™") beyond those given the control diet.
Therefore, SB may enhance the hematological profile
of Nile tilapia, as well as bolster their overall health
and immune response.

Serum proteins are crucial components, and their
concentration serves as a fundamental indicator
of fish health status (Alexander et al., 2011). Our
research revealed that dietary supplementation with SB
increased TP and globulin levels although the albumin
value decreased. Notably, the most favorable outcomes
were observed in fish that received SB2. These results
may be ascribed to the ability of QS saponin to augment
the secretion of trypsin, which leads to the rise of TP

by improving protein absorption, as well as its role in
enhancing protein metabolism (Wang et al., 2020) and
to the ability of the essential oil star anise to reduce
protein denaturation (Luis ef al., 2019). These findings
are consistent with those reported by Elkaradawy et al.
(2022), who reported an increase in TP and globulin
levels via QS supplementation (300 mg kg™) into fish
feed.

The transfer of amino group functions of alpha-amino
acids to alpha-keto acids is controlled by ALT and
AST, which are essential liver enzymes for monitoring
liver health and function (Abdo, 2020). Fish that
received SB2 showed lower serum levels of ALT and
AST compared with CG, suggesting that the use of
natural phytobiotics enhances liver health. In addition,
this improvement is likely due to the antioxidant
effects of capsaicin, star anise-essential oil, and QS-
containing flavonoids, which prevent cell membrane
lipid peroxidation and stop the release of liver damage
enzymes (ALT and AST) into the plasma (Shahverdi
et al.,2013; Luis ef al., 2019). The protective effect of
saponin on the liver is attributed to its ability to mitigate
oxidative stress and maintain hepatocyte integrity
and function (Fleck et al., 2019). These findings are
consistent with Fleck et al. (2019) and Elkaradawy
et al. (2022), who confirmed a reduction in AST and
ALT levels in response to dietary QS supplementation.
The concentrations of glucose and triglycerides in fish
can indicate their stress response and are important for
maintaining body balance (Mommsen et al., 1999).
Our research showed that fish receiving SB2 had
significantly reduced levels of glucose, triglycerides,
and cholesterol compared to CG, which is attributed
to reduced cholesterol absorption in the intestine and
increased activity of B-hydroxy p-methylglutaryl-CoA
reductase and low-density lipoprotein receptors in
the liver, as explained by Rao and Gurfinkel (2000).
These findings align with those of Angeles Jr ef al.
(2017), who found decreased glucose and triglyceride
concentrations in Nile tilapia blood when fed with QS
additives (150 mg kg™). Additionally, McCain (2013)
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observed that capsaicin can lower serum glucose and
raise serum insulin levels by enhancing pancreatic
function and insulin secretion. The measurement of
creatinine levels in the blood reflects the kidney’s ability
to regulate creatinine levels in fish muscles (Campbell,
2004). Our results indicate that there was no significant
variation in creatinine levels across all experimental
treatments, suggesting that SB does not adversely
affect renal function or fish health, consistent with the
results of Angeles Jr et al. (2017) and Elkaradawy ef al.
(2022).

The oxidative status and cellular immunity of fish are
assessed using SOD, CAT, and MDA concentrations
to determine the damage caused by free radicals in
different fish tissues and organs (Mohamed et al.,
2021). SOD and CAT play crucial roles in neutralizing
free radicals and preventing lipid peroxidation, whereas
MDA release indicates the extent of cell destruction
and lipid peroxidation in tissues (Salama et al., 2019).
In this study, Nile tilapia fingerlings showed the
highest CAT and SOD activity when supplemented
with SB, with the most favorable results observed
in SB2. Moreover, the addition of SB to Nile Tilapia
significantly decreased MDA activity, demonstrating
the antioxidant properties of phytobiotics. In parallel
with Elkaradawy ef al. (2022), QS supplementation
increased CAT and SOD activity and decreased MDA
activity. Additionally, Fleck et al. (2019) found that
QS-derived saponin notably reduced the production
of MDA in the liver, suggesting that the antioxidant
properties of QS saponin can mitigate oxidative stress
by scavenging excessive radicals, as explained by Yu
et al. (2014). In addition, Estaiano de Rezende et al.
(2021) reported that supplementation with a blend of
phytobiotics for 20 days provided greater antioxidant
protection in Nile tilapia. As well as Luis et al. (2019)
also stated that star anise essential oils can prevent
both lipid peroxidation and protein denaturation
and can scavenge free radicals due to bioactive
components such as estragole, anisaldehyde, and
anthole (Newberne et al., 1999). Capsaicin has also
been observed to effectively prevent lipid peroxidation
and protein oxidation induced by gamma () radiation,
highlighting its role against oxidation and radiation
(Gangabhagirathi and Joshi, 2015).

The activity of digestive enzymes is directly correlated
with the digestion abilities of aquatic animals. This
study demonstrated a notable elevation in the values
of lipase and amylase activity in Nile tilapia fingerlings
that received SB2 compared with the CG. This can be
ascribed to the ability of QS, capsaicin, and star anise
essential oils to improve the functions of pancreatic and
intestinal enzymes, thereby enhancing the digestion
process (Citarasu, 2010; Serrano Jr, 2013). In line with
our study, Elkaradawy et al. (2022) confirmed that QS
significantly improved lipase and amylase activities in
fish.

The lysis of pathogenic bacteria and the induction of
specific and nonspecific immune responses are caused

by lysozyme activity, which serves as an important
natural defense mechanism (Chen ef al., 2014). As
reported in this study, fish treated with SB exhibited the
highest lysozyme activity compared with the control.
The increase in lysozyme levels may be due to enhanced
lymphocyte production, which in turn modulates the
immune status of fish (Ruchin, 2020). This increase
could be attributed to the antibacterial activity of QS
and its ability to enhance antibody formation or modify
immunity to favor a more cell-mediated response, as
well as the roles of aglycone amphiphilic structures
and branched sugar radicals in boosting the immune
system (Oda et al., 2000). This effect is also attributed
to the antimicrobial activity of capsaicin (Ibrahim
et al., 2024) and star anise essential oils (Tewksbury
et al., 2008; Boota et al., 2018; Oleszek & Oleszek,
2020). This result is also consistent with the findings of
Abozeid et al. (2021) and Mohanasundari et al. (2022),
who confirmed that natural plant supplementation
enhances lysozyme activity and improves the general
immunity of fish.

Phagocytosis has a fundamental function in the cellular
immune system of fish, helping them to more effectively
defend against pathogen attacks by identifying and
containing existing pathogens (Harikrishnan et al.,
2011). Our results revealed that the highest significant
phagocytic index/activity was reported in fish
receiving SB2, which is related to the ability of QS
to control diseases (Ng’ambi ef al., 2016). It may also
be attributed to the higher production of RBCs, white
blood cells, and lymphocytes, which modulate the fish’s
immune status (Amiri and Bahrekazemi, 2017; Ruchin,
2020). These results correspond with those of McCain
(2013); Zhang et al. (2020); and Mohanasundari ef al.
(2022), who recommended the use of natural plant
supplementation as an immune stimulant for fish.

The findings from the gene expression analysis
conducted in this research indicated an increase in the
expression of genes related to fish growth (GH and
IGF-1), immune-related cytokines (/L-8, IL-1f, and
TNF-a), and antioxidant enzymes (GPX and CAT) in
fish that acquired an SB-enriched diet compared with
fish that acquired a control diet, with the most significant
results observed in the group receiving SB2. The
expression of GH and IGF-1 serve as key indicators of
enhanced growth performance in Nile tilapia, as noted
by Hassaan et al. (2019) and Mohamed et al. (2021).
This can be viewed as an additional rationale for the
improved growth rates observed in fish-fed SB. These
findings are similar to those of Elkaradawy et al. (2022)
and Khieokhajonkhet ef al. (2023). The expression
of GPX and CAT are essential markers for assessing
antioxidant activity in animals, as these genes help
neutralize free radicals and decrease lipid peroxidation
(Kandeil et al., 2020). SB supplementation in feed led
to a boost in the expression of GPX and CAT, likely
due to enhanced oxidative status in the fish (Yu et al.,
2014; Luis et al., 2019). This observation aligns with
the findings of Elkaradawy et al. (2022) and Deng
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et al. (2023). Pro-inflammatory cytokines secreted by
immune cells, particularly /L-8, TNF-a, and IL-1§,
have an essential function in modulating the innate
immune response; therefore, the expression patterns of
these cytokine genes can indicate changes in immune
responses (Van der Meide and Schellekens, 1996;
Furman and Davis, 2015). Results from this study
demonstrated upregulated expression of immune-
related genes (TNF-o, IL-1f, and IL-8) in Nile tilapia;
TNF-o, primarily released by activated macrophages,
coordinates defense mechanisms against pathogen
invasion and promotes neutrophil-based immunity
(Bilen et al., 2019; Mohamed et al., 2021), while /L-
1f is considered a pro-inflammatory cytokine that
activates macrophages and lymphocytes to combat
pathogens (Low et al., 2003). This outcome may be
returned to the ability of QS saponins to stimulate the
formation of inflammasome, which subsequently leads
to the release of /L- 1 and /L-6 from antigen-presenting
cells (Marty-Roix et al., 2016). The inflammasome
consists of various sensors and receptors that initiate
inflammation by activating caspase-1. Additionally,
saponins can enhance the expression of TLR
interferon-a, resulting in the generation of active forms
of IL-18 and IL-1f (Guo et al., 2015). Furthermore, the
immunomodulatory and anti-inflammatory effects of
capsaicin (C. annuum) increased the gastrointestinal
mucosal barrier permeability in fish and finfish, which
enhanced the intake of immunomodulatory substances,
such as vaccine particles (Gaafar et al, 2018), and
the essential oil from star anise may also contribute
to these results (Luis ef al., 2019; Valdivieso-Ugarte
et al., 2019). Our findings are consistent with those of
Attia et al. (2022) and Ibrahim et al. (2024). Thus, the
present results indicate that dietary SB has upregulated
expression of genes correlated with fish growth (GH
and /GF-1), genes associated with antioxidant enzyme
activity (GPX and CAT), and proinflammatory cytokine
genes correlated with immune response (IL-1f, IL-8,
and TNF-a), thereby improving growth performance,
health status, and immune response in Nile tilapia.
Further research investigating the specific gene
expression profiles of fish that consume SB is required
to validate this hypothesis.

Conclusion

Fish performance, meat quality, intestinal health,
digestive enzymes, hemato-biochemical profile, and
immune health of fingerling Nile tilapia (Oreochromis
niloticus) were improved by dietary supplementation
with SB®. Furthermore, the most favorable outcomes in
this research were observed with the natural phytobiotic
blend “SB®” at a concentration of 0.2 g kg™' (SB2) for
improving fish performance, intestine health, and the
immune-physiological status of Nile tilapia fingerlings.
Therefore, incorporating a natural phytobiotic blend
into feed could improve fish health and performance.
Further research is required to explore the effects of

SB® during the growth and reproduction phases of Nile
tilapia.
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