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ABSTRACT

This study aimed to examine the impact of synbiotic supplementation, precisely the combination of the probiotic
Bacillus subtilis with banana flour as a prebiotic, on Nile tilapia's growth performance, immune response, and gut health.
The juvenile tilapia obtained from a regional aquaculture facility were randomly assigned to experimental groups that
received different concentrations of the probiotic B. subtilis in conjunction with prebiotics derived from banana flour.
Throughout the 63-day study period, growth metrics, including weight gain (WG), feed conversion ratio (FCR), specific
growth rate (SGR), and protein efficiency ratio (PER), were evaluated regularly. The findings indicated that synbiotic
supplementation markedly enhanced growth performance compared to the control group. The results of the
hematological evaluations demonstrated elevated red blood cell (RBC) counts, hemoglobin concentrations and white
blood cell (WBC) counts, which suggests an enhanced immune response. The histopathological examination of the
intestinal tissues indicated that the synbiotic-fed fish displayed increased villus height, crypt depth, and goblet cell
density, which suggests that their gut health and nutrient assimilation were improved. In summary, incorporating
synbiotics in tilapia diets has resulted in enhanced growth performance, immune functionality, and gastrointestinal
health, which presents a promising strategy for advancing sustainable aquaculture practices.
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INTRODUCTION

Aguaculture has been identified as a rapidly growing
sector within the global food production industry. Its
expansion can be attributed to two principal factors: the
increasing demand for fish protein driven by population
growth and shifting dietary preferences. Among the
species cultivated within this domain, Oreochromis
niloticus (Nile tilapia) is particularly notable for its rapid
growth rate, adaptability to various environments, and
superior nutritional profile (Suwannatrai 2023).

Nevertheless, the intensification of aquaculture practices
has increased awareness of the importance of fish health,
disease outbreaks' prevalence, and environmental
practices' sustainability. The extensive application of
antibiotics to manage diseases has precipitated the rise of
antibiotic-resistant bacteria, which presents significant
risks to aquatic organisms and human health (Eor et al.
2021; Gewaily et al. 2021). As a result, exploring
alternative strategies becomes imperative to foster
sustainable fish growth, health, and immunity (Zhu et al.
2022; Mahmoud et al. 2022; Yostawonkul et al. 2023).
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Recent scholarly inquiry highlights the potential of
probiotics and prebiotics as beneficial dietary supplements
for improving fish health and promoting sustainable
aquaculture practices. Symbiotics, defined as a
combination of probiotics and prebiotics, have garnered
scholarly interest due to their potential to enhance and
augment nutrient absorption, immune responses and
gastrointestinal health in farmed fish species (Afrose et al.
2022; Magouz et al. 2023; Pardede et al. 2024). Probiotics,
defined as live microorganisms, confer health benefits to
the host organism, whereas prebiotics serve as a source of
nutrition for beneficial gut microbiota, promoting their
proliferation and functional activity (Zhu et al. 2022). In
light of the aquaculture industry's pursuit of alternatives to
antibiotic use, synbiotics emerge as a viable solution to
enhance fish productivity and sustainability (EI-Nobi et al.
2021; Sirbu et al. 2022; Munni et al. 2023).

Despite the promising advantages associated with
synbiotics, considerable gaps persist in understanding the
specific mechanisms through which they affect fish growth
and health, particularly in commercially significant species
such as Nile tilapia. While some studies have indicated
favorable outcomes, including enhancements in growth
performance, immune functionality, and gut morphology,
others have documented variability contingent upon the
formulation and dosage of the synbiotics employed
(Dehaghani et al. 2015; Gewaily et al. 2021; Mogouz et al.
2023). This inconsistency challenges the pragmatic
application of synbiotics within commercial aquaculture,
where dependable and predictable results are critical for
optimizing production processes (Sirbu et al. 2022).
Therefore, further comprehensive investigations are
required to elucidate specific synbiotic combinations'
effects on tilapia's growth and health.

This study aims to evaluate the effects of a synbiotic
formulation that integrates B. subtilis and banana flour on
the growth performance, immune response, and
histological characteristics of the gut in Nile tilapia. The
objective is to enhance understanding regarding how
varying concentrations of synbiotics impact these vital
parameters, thus providing insights into the practical
applications of synbiotics within tilapia aquaculture. Prior
research has proposed that synbiotics may facilitate
enhanced nutrient absorption by improving intestinal
morphology, including the augmentation of villus height
and crypt depth, which subsequently enhances digestive
efficiency and growth performance (Mohammadi et al.
2020; EI-Nobi et al. 2021). Furthermore, synbiotics have
been demonstrated to elevate immune responses, a critical
factor for disease resistance in aquaculture environments
(Yang et al. 2021).

MATERIALS AND METHODS

Ethical approval statements

The in vivo study was conducted per the ethical
standards set forth by the Ethical Principles of
Experimentation and the Health and Animal Welfare
Ethics Committee of the Public Health Faculty at
Hasanuddin ~ University (No. 29824091190). The
methodology was approved by the Committee on Research
Ethics of the Health and Animal Ethics Department.
Throughout the study, every effort was made to reduce the
pain and suffering of the experimental fish.
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Materials

The juvenile Nile tilapia in this study were maintained
in 500-liter tanks for a two-week acclimation period to
ensure consistent health and adaptation. Critical water
quality parameters were monitored and recorded at three
stages: the start (day 0), middle (day 31) and end (day 63)
of the experiment. The parameters included temperature
(28-30°C), pH (6.5-7.5), dissolved oxygen (>5mg/L), and
ammonia (<0.5mg/L), all maintained at optimal levels to
support health and growth. Physico-chemical water
analyses was conducted weekly to ensure environmental
stability. During the acclimation phase, the fish were fed a
synbiotic-free commercial diet (MS Prima Feed PF 1000,
protein content: 39-41%) to standardize baseline health.
After acclimatization, experimental diets were introduced,
incorporating B. subtilis as a probiotic and banana flour as
a prebiotic, which were blended into the commercial feed.
Fish were fed three times daily at 3% of their body weight,
with feeding rates adjusted weekly based on average
weight. These controlled stages of acclimatization,
rigorous water quality monitoring, and precise dietary
preparation ensured optimal experimental conditions to
evaluate the effects of synbiotic supplementation on
growth performance, hematological parameters, and gut
health in Nile tilapia.

Experimental design

The experimental study was designed to evaluate the
effects of synbiotic supplementation on Nile tilapia over a
period of 63 days. A randomized design was employed,
incorporating four treatment groups and a control group,
each replicated three times. The treatment groups were
provided with diets supplemented with varying
concentrations of a synbiotic formulation consisting of B.
subtilis as the probiotic and banana flour as the prebiotic.
In contrast, the control group received a basal diet devoid
of synbiotics. This design aimed to investigate the optimal
concentration of synbiotics for enhancing growth, immune
response, and gut health.

The treatment groups were distinguished based on the
concentrations of B. subtilis included in the diets. The
groups were designated as follows: A (control), B (1x10°
CFU/mL), C (1x10” CFU/mL) and D (1x10° CFU/mL).
These concentrations were carefully prepared by
culturing B. subtilis in a sterile nutrient broth medium
under aerobic conditions at 37°C for 24 hours. The
bacterial cultures were diluted with sterile distilled water to
achieve the desired CFU levels. To prepare the prebiotic
component, banana flour was produced by drying unripe
bananas, grinding them into powder, and sterilizing them
(Rahmi et al. 2024). The synbiotic formulations were
blended with a commercial feed to ensure uniformity. The
prepared feed was air-dried and stored under refrigeration
to preserve its quality.

Fish from each group were housed in aquariums
measuring 50x30x30cm, with 20 fish per aquarium,
following established stocking density guidelines. Feeding
was done thrice daily at 08:00, 15:00, and 18:00 WITA.
The feeding rate was set at 3% of the fish's body weight and
adjusted weekly based on the average weight of the fish in
each group. Water exchanges were performed weekly, with
50% of the water volume replaced to maintain optimal
hygiene and environmental conditions.



Water quality parameters were closely monitored
throughout the experiment to ensure the health and well-
being of the fish. Key parameters included water
temperature, maintained at 28-30°C using a digital water
heater; pH levels, stabilized between 6.5 and 7.5 with a
calibrated pH meter; and dissolved oxygen (DO), kept
above 5mg/L using a portable DO meter. Ammonia levels
were also assessed weekly using a colorimetric ammonia
test kit, ensuring concentrations remained below the
harmful threshold of 0.5mg/L. Weekly averages for these
parameters were calculated to ensure consistent and
reliable conditions across all groups, supporting the
validity of the experimental results.

Parameters measured

The growth performance of the fish was evaluated
using established criteria, including Weight Gain (WG),
Specific Growth Rate (SGR), Feed Conversion Ratio
(FCR), and Protein Efficiency Ratio (PER). These
parameters were calculated as follows:
e WG: Determined by subtracting the initial weight (Wi)
from the final weight (W) of the fish: WG=W{-Wi, where
W represents the final weight, and Wi represents the initial
weight (Radwan et al. 2023).
SGR: Calculated as the percentage increase in body
weight per day: SGR (%)=(In (Wf)—In (W1))/t x 100, where
t represents the duration of the experimental procedure
(Ricker 1979).
FCR: Represents the efficiency of feed utilization,
calculated as the total feed intake divided by the total
weight gain: FCR=Total Feed Intake/Total Weight Gain
(Tacon 1990).
PER: Evaluates the efficiency of dietary protein

conversion into body weight gain: PER=Weight
Gain/Protein Consumed (Mitchell 1989).
These parameters facilitate a comprehensive

evaluation of the growth performance of tilapia subjected
to various dietary interventions (Urach et al. 2020; Magouz
etal. 2023).

Hematological analysis was performed to assess blood
composition and evaluate the immune response of the fish.
At the end of the experimental period, blood samples were
collected from the caudal vein using sterile syringes and
transferred into tubes coated with
ethylenediaminetetraacetic acid (EDTA) to prevent
clotting (Argungu et al. 2017). Key hematological
parameters, including Red blood cell (RBC) count,
hemoglobin (Hb) concentration, and white blood cell
(WBC) count, were measured using an automated
hematology analyzer (Hrubec et al. 2000). These
parameters provide insights into oxygen transport capacity
and immune functionality.

Histopathological analysis was conducted to assess the
microscopic structure of the intestine. Intestinal tissue
specimens were collected from three fish's anterior, middle,
and posterior regions per treatment group (Fig. 3). The
specimens were preserved in 10% formalin for 24 hours,
dehydrated with graded ethanol solutions, and embedded in
paraffin wax. Tissue sections of 5um thickness were
prepared and stained with hematoxylin and eosin (H&E).
The histological features analyzed included villus height,
crypt depth, and goblet cell density. These features were
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quantified using a light microscope with a digital camera
and image analysis software to ensure accuracy and
reproducibility (Liu et al. 2016; Sahiti et al. 2018; Dawood
et al. 2020; Wakkas 2023).

Statistical analysis

The data on growth performance, hematological
assessments, and histopathological investigations were
subjected to statistical analysis using the SPSS software
(version 25.0) (IBM Corp 2017). The normality of the data
was evaluated using the Shapiro-Wilk test and the
homogeneity of variances was assessed using Levene's test
to ensure the validity of the parametric analysis.
Differences between the treatment groups were analyzed
using one-way analysis of variance (ANOVA), followed by
Tukey's post-hoc test for multiple comparisons to identify
significant differences among groups. A statistical
significance threshold was set at P<0.05. The results are
expressed as means + standard deviation (SD), providing
clarity and precision in the presentation of the measured
parameters. The statistical methodologies employed
followed established practices for biological and
aquaculture research (Zar 2010; Field 2017).

RESULTS & DISCUSSION

Growth performance

The growth performance of Nile tilapia (O. niloticus)
was subjected to comprehensive evaluation over a 63-day
experimental period, employing scientifically established
metrics, including weight gain (WG), feed conversion
ratio (FCR), specific growth rate (SGR), and protein
efficiency ratio (PER) (Fig. 1). The finding indicated that
dietary supplementation with synbiotics, particularly B.
subtilis, led to a notable enhancement in growth
performance across all measured metrics in comparison to
the control group. Of the treatment groups, treatment B
(1x10° CFU/mL) vyielded the most notable results,
recording the highest WG, SGR, and PER values while
maintaining the lowest FCR, indicating improved feed
efficiency and nutrient utilization. Following treatment B
and treatment D (1x10° CFU/mL), substantial but slightly
reduced improvements were demonstrated. Conversely,
treatment C (1x107 CFU/mL) showed only moderate
enhancements. The control group (A) exhibited the lowest
growth performance, confirming the absence of benefits
from symbiotic supplementation. By designating groups
with alphabetical identifiers, data trends were more
effectively analyzed, underscoring the critical role of
symbiotic  concentration in  maximizing growth
efficiency. This study highlights the potential of B.
subtilis as a dietary supplement to support sustainable
aquaculture practices by enhancing growth metrics and
feed efficiency in Tilapia.

The fish in the treatment group that received
supplementation with treatment C of B. subtilis exhibited
the highest mean weight gain, indicating that probiotics
effectively enhanced nutrient absorption and utilization,
thereby fostering superior growth. The feed conversion
ratio (FCR) was markedly diminished in this cohort,
indicative of enhanced feed efficiency compared to the
control group. A lower FCR indicated a reduced amount of
feed required for weight gain, offering economic and
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Fig. 1: Growth performance metric, including weight gain (WG), specific growth rate (SGR), food conversion ratio (FCR), and protein
efficiency ratio (PER) of Nile tilapia cultured over a 63-day period. The X-axis represents the experimental groups: control (A), 1x10°
CFU/mL (B), 1x107 CFU/mL (C), and 1x10° CFU/mL (D), while the Y -axis displays the respective values for each treatment.

environmental benefits. These findings are consistent with
those reported by Panase et al. (2023), who observed
comparable improvements in fish growth metrics through
probiotic supplementation, thereby reinforcing its role in
sustainable aquaculture.

The specific growth rate (SGR) reached its maximum
value in the treatment group receiving treatment C,
exhibiting a markedly accelerated growth trajectory
compared to the other groups. These findings indicate that
the optimal dosage of B. subtilis probiotics enhanced the
fish's ability to gain body weight efficiently over the
experimental period. Similarly, the Protein Efficiency
Ratio (PER) was highest in the same group, highlighting
the improved conversion of dietary protein into body mass.
These results are consistent with those reported by Wang
(2023), who noted that probiotics optimize nutrient
metabolism and protein utilization in fish, thereby
supporting their role in sustainable aquaculture practices.

The results of the statistical analysis indicated that
there were statistically significant differences (P<0.05)
between the control and treatment groups. The treatment
group that received treatment C demonstrated the most
pronounced improvements across all growth metrics. This
concentration of B. subtilis markedly enhanced growth
performance in Nile tilapia, underscoring its effectiveness
as a dietary supplement. These results align with those of
previous studies by Panase et al. (2023) and Wang (2023),
which demonstrated that probiotics improve growth
parameters, nutrient absorption, and feed efficiency in
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aquaculture. This highlights the potential of probiotics for
sustainable fish farming practices.

Hematological parameters

Hematological Analysis Hematological indices,
including red blood cell (RBC) count, hemoglobin (Hb)
concentration, and white blood cell (WBC) count, were
monitored regularly across various treatment groups to
determine the impact of synbiotic supplementation on the
immune response of Nile tilapia (Fig. 2).

The experimental group of fish that received
supplementation with B. subtilis exhibited markedly
elevated RBC counts compared to the control group. The
group administered 1x10% CFU/mL of B. subtilis exhibited
the most pronounced RBC count, closely followed by those
groups exposed to higher dosages (1x10° CFU/mL and
1x107 CFU/mL). These augmented RBC counts imply an
enhanced capacity for oxygen transport, which is essential
for accommodating the metabolic requirements of
developing fish.

A comparable pattern was observed in the hemoglobin
concentrations, whereby in the 1x10° CFU/mL group
exhibited the highest Hb levels, which were significantly
higher than those of the control group. The observed
increase in hemoglobin concentrations indicated an
enhanced capacity for oxygen transport and a general
improvement in health status, thereby reflecting the
favorable impact of symbiotic supplementation on the
overall well-being of the fish.
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Fig 2: Red Blood Cell (RBC),
Hemoglobin, and White Blood
Cell (WBC) of Tilapia fish
cultured over a duration of 63
days. The X-axis represents the
experimental groups: control
(A), 1x105 CFU/mL (B),
1x107 CFU/mL (C), and 1x109
CFU/mL (D), while the Y-axis
displays the respective values
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Fig 3: Histopathology of Tilapia Fish Intestine at 40x 10x
magnification measuring changes in the structure and integrity of
intestinal tissue. A= control (anterior region); B=1x10% CFU/mL
probiotic (posterior region); C=1x107 CFU/mL probiotic (middle
region); and D=1x10° CFU/mL probiotic: (a) Villus height; (b)
Crypt depth; (c) Goblet cell density. Scale Bar=0.1mm.

The WBC count, a vital parameter indicative of
immune functionality, was significantly elevated across all
groups receiving synbiotics compared to the control group.
The treatment group that received 1x10° CFU/mL
exhibited the highest WBC count, indicating an enhanced
immune response. The observed elevation in WBC levels
indicates enhanced protection against pathogens, thereby
suggesting that symbiotic supplementation has augmented
the fish's immune system. The statistical analysis revealed

TH

474

significant disparities between the groups treated with
synbiotics and the control group across all hematological
metrics (P<0.05). Fish subjected to the 1x10° CFU/mL
dosage of B. subtilis consistently exhibited superior RBC,
Hb, and WBC levels, suggesting that this particular dosage
of symbiotics was most effective.

These findings corroborate those of previous
investigations which have illustrated the advantageous
effects of probiotics and synbiotics on hematological
parameters in fish, contributing to enhanced immune
functionality and increased resilience to stressors and
diseases (Dawood et al. 2019; Munni et al. 2023).

Histopathology

The histopathological examination of the intestines of
Nile tilapia focuses on key indicators of gastrointestinal
health, including villus height, crypt depth, and goblet cell
density. These parameters are fundamental to evaluating
nutrient absorption efficacy and the overall integrity of the
intestinal tract (Fig. 3). Villus height was quantified. The
administration of synbiotic supplementation resulted in a
statistically significant increase of villus height within the
intestinal tissues of tilapia. The cohort of fish that received
the treatment at a concentration of treatment C exhibited the
most pronounced increase in villus height compared to the
control cohort. The increase in villus height is associated
with expanding the surface area available for nutrient
absorption, facilitating enhanced growth performance.

Notable increases in crypt depth were observed in the
experimental groups, particularly among those who
received concentrations of B. subtilis treatment C and
treatment D. An increase in crypt depth serves as an
indicator of enhanced cellular turnover, which promotes
the accelerated regeneration of intestinal cells, a factor
crucial for maintaining gut health and overall efficiency
(Dawood et al. 2020).

The groups that were administered synbiotics
exhibited a notable increase in goblet cell density, with
the treatment group receiving treatment C demonstrating
the highest density. Goblet cells play a vital role in
synthesizing mucus, which protects the gut lining against



pathogens and mechanical injury. The increase in goblet
cell density indicates that mucosal protection has been
strengthened, thereby enhancing the fish's ability to
combat intestinal infections and maintain gut integrity
(Liu et al. 2016).

The histopathological increases in villus height, crypt
depth, and goblet cell density observed in the synbiotic-
treated cohort were significantly (P<0.05) superior to those
documented in the control group (Table 1). These findings
indicate that synbiotic supplementation, particularly at the
concentration of treatment C, exerts a beneficial influence
on the intestinal morphology of tilapia, thereby
contributing to enhanced nutrient absorption and gut health
(Adeoye et al. 2016; Ciptaan et al. 2024).

Table 1: Histopathological Measurements of Nile Tilapia (O.

niloticus)

Treatment Villus Height  Crypt Depth Goblet Cell
Groups (mm) (mm) Density (mm)
A 0.300+0.84a  0.100+0.38a  0.075+0.62a

B 0.500+0.79c  0.180+0.55c  0.12046.38b

C 0.400+1.26b  0.150+0.67b  0.100+3.14b

D 0.450+4.96b  0.160+1.47b 0.110+0.08b

Different superscripts in each column indicate significant
(P<0.05) differences.

These findings align with those of previous research,
which has demonstrated the benefits of probiotics and
synbiotics in promoting gut health in aquaculture species.
The improvement of intestinal morphology is associated
with enhanced nutrient utilization, growth performance,
and disease resistance (Adeoye et al. 2016; Dawood et al.
2020; Sultana et al. 2024).

The results of this study demonstrate that synbiotic
supplementation, specifically the combination of B.
subtilis and banana flour, significantly enhances Nile
tilapia's growth performance, immune functionality, and
gut health. These findings are consistent with previous
studies that have demonstrated the positive influence of
probiotics and prebiotics on fish health and the
sustainability of aquaculture (Afrose et al. 2022; Sirbu et
al. 2022).

The administration of synbiotic supplementation
resulted in significant improvements across several growth
parameters, including WG, FCR, SGR, and PER. The
group that received the treatment at treatment C of B.
subtilis exhibited the highest metrics across all evaluated
growth parameters, indicating that this concentration
optimally enhances nutrient absorption and feed utilization.
The observed improvements in FCR and PER indicate that
synbiotics augment digestive efficiency, enabling fish to
utilize feed more effectively, culminating in enhanced
growth outcomes. This observation is consistent with
previous studies that have demonstrated that B. subtilis
enhances intestinal morphology and nutrient metabolism in
fish (Panase et al. 2023; Wang 2023).

It is proposed that the administration of synbiotics has
facilitated these enhancements through the augmentation of
the gastrointestinal milieu, thereby fostering the
proliferation of probiotic microorganisms and ameliorating
enzymatic  functionality. Such  modifications are
instrumental in optimizing the assimilation of nutrients and
fostering superior growth trajectories. Investigations on
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alternative piscine species, such as the red drum and
hybrid striped bass, have similarly corroborated that
synbiotics augment digestive enzymes and intestinal
morphology, culminating in enhanced growth efficacy
(Anguiano et al. 2012).

The results of this investigation indicate that the
administration of symbiotics has a beneficial impact on
hematological parameters, especially the erythrocyte
count, hemoglobin levels, and leukocyte count. The group
that received treatment C exhibited the most significant
enhancements, indicative of augmented oxygen transport
capacity and immune competency. The observed elevation
in erythrocyte and hemoglobin concentrations implies
improved overall vitality and metabolic proficiency. The
surge in leukocyte counts, in turn, denotes a fortified
immune apparatus, thereby enabling the fish to exhibit
greater resilience against pathogenic incursions. These
findings are consistent with previous research indicating
that symbiotics enhance fish immunity by elevating
immune-related metrics, including lysozyme activity and
phagocytic response (Dawood et al. 2019). The enhanced
hematological profile suggests that synbiotics promote
growth and improve fish's health and resilience, thereby
reducing the reliance on antibiotics in aquaculture settings
(Dawood et al. 2016).

Histopathological examinations of the intestinal
tissues revealed that fish subjected to synbiotic feeding
demonstrated significantly enhanced villus height, crypt
depth, and goblet cell density.

The treatment C cohort showed the most significant
improvements in all three of these parameters. The
augmentation of villus height increases the absorptive
surface area for nutrients. In contrast, deeper crypts
facilitate accelerated regeneration of intestinal cells, both
of which contribute to improved growth and health
outcomes. The increased density of goblet cells indicates
enhanced mucosal defense, vital for preventing infection
and preserving gut integrity. These observations align with
previous research indicating that probiotics enhance
intestinal morphology and mucosal protection in
aquaculture species, thereby improving nutrient utilization
and disease resistance (Adeoye et al. 2016; Liu et al. 2021).
The enhanced intestinal health documented in this inquiry
suggests that the supplementation of synbiotics can bolster
nutrient absorption and gut barrier functionality, thereby
supporting optimal growth and immune responsiveness
(Dawood et al. 2018).

The findings of this study have significant implications
for the advancement of sustainable aquaculture
methodologies. Incorporating synbiotics, particularly those
derived from B. subtilis, presents a feasible alternative to
the application of antibiotics to enhance fish health and
productivity. By simultaneously improving growth
performance and immune functionality, synbiotics may
contribute to attenuating disease incidents and minimizing
antibiotic usage, thus addressing the pressing issue of
antibiotic resistance within aquaculture. Future research
should optimize synbiotic formulations and dosages
tailored to various aquaculture species and production
paradigms. Additionally, further investigations are
required to elucidate how synbiotics enhance fish health,
particularly the interplay between gut microbiota, immune
responses, and nutrient metabolism.



Conclusion

The administration of synbiotic supplements,
particularly those containing Bacillus subtilis, has
markedly enhanced growth performance, immune

functionality, and gastrointestinal health in Nile tilapia
(Oreochromis niloticus). This methodology presents a
viable approach for advancing sustainable aquaculture
practices by promoting fish health and productivity while
minimizing the dependence on antibiotic interventions.
Subsequent research efforts should concentrate on
optimizing synbiotic formulations and their respective
dosages tailored for various aquaculture species and
production systems, in addition to elucidating the specific
mechanisms through which synbiotics contribute to
enhancing fish health.
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