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This study examines the dietary application of probiotic Bacillus licheniformis and phytobiotic Cinnamomum verum concerning
growth, immunity, gene expression, and disease resistance in Labeo rohita fish. A controlled experiment was conducted over 12
weeks involving 800 fingerlings, which were divided into seven groups: one control group and three groups each receiving varying
doses of B. licheniformis (D1 = 10°, D2=107, and D3=10° CFU/g) and C. verum (D4 =25, D5 =50, and D6 = 75 mg/kg) individ-
ually, along with a group with no additions (control). Growth was measured in terms of weight gain (WG), specific growth rate
(SGR), feed conversion ratio (FCR), and protein efficiency ratio (PER) alongside hematology and immunology. To evaluate
resistance of the test organisms, pathogenic challenge with Aeromonas hydrophila was performed. The findings indicated that
fish in the D3 group achieved the highest average final weight of 125.40 £ 0.1 g, a weight increment of 86.40 = 0.53 g, and the most
favorable FCR of 0.81 £ 0.01. The D6 group followed, in contrast to the control group, which had a body weight of 95.20+0.2 ¢, a
WG of 56.73 £ 0.05 g, and a FCR of 1.03 & 0.06. The survival rates following the challenge were analyzed, revealing that group D3
exhibited the highest effectiveness (p <0.001). The evaluation of immunological parameters in D3 indicated increased levels of total
protein, immunoglobulin M (IgM), complement component 3 (C3), and lysozyme activity relative to D1 and D2. Analysis of gene
expression revealed that interleukin-14 (IL-1f) and tumor necrosis factor a (TNF-a) were upregulated in the liver and head kidney
tissues of fish in the D3 and D6 groups. Bacillus licheniformis, when administered at 10° CFU/g, enhances growth, feed utilization
efficiency, immunity, and disease resistance in L. rohita. Cinnamomum verum at a dosage of 75 mg/kg improved the immune
response. This study supports the consumption of probiotics and phytobiotics as substitutes for antibiotics in aquaculture.
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1. Introduction

Aquaculture is currently one of the fastest-growing sectors in
global food production, actively seeking sustainable methods
to enhance fish health, growth, and disease resistance, par-
ticularly in freshwater species like Labeo rohita. Nonetheless,
concerns regarding the potential issues associated with anti-
biotic overuse have diminished the value of this practice.
Resistant pathogens are difficult to control and can spread

to other animals and humans [1], diminishing the effective-
ness of antibiotics for treating common infections. Further-
more, antibiotics in fish can lead to consumer health risks
and environmental pollution, disrupting ecosystems [2].
Alternative strategies, including probiotics and phytobio-
tics, demonstrate effectiveness in captive fish, leading to
increased interest in these approaches. Interventions appear
effective in stimulating fish growth, pathogen resistance, and
enhanced immune responses, thereby, aiding sustainable
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aquaculture practices [3]. Among the various approaches,
Bacillus licheniformis, a probiotic and Cinnamomum verum
(true cinnamon), a phytobiotic have been reported due to
their multidimensional application in aquaculture.

Probiotics, especially those derived from Bacillus, have the
ability to improve the health of fish’s gut microbiota and help
them absorb nutrients and boost the immune response [4]. In
particular, B. licheniformis has been on the rise as a spore-
forming bacterium that improves growth performance and
disease resistance in fish by maintaining a stable gut micro-
flora and optimizing gut health. In a number of reports,
B. licheniformis improved specific growth rate (SGR) and
feed conversion ratio (FCR) of L. rohita by modulation of
gut enzymes and boosting of immune responses [5]. Most
of these effects are attributed to the ability of the said bacte-
rium to synthesize embargoes against pathogenic microor-
ganisms such as the fish pathogen Aeromonas hydrophila
due to their production of bacteriocins [6].

Further, in aquaculture, probiotics such as B. lichenifor-
mis increase the production of short-chain fatty acids
(SCFAs), which have been reported to be positively associ-
ated with gut health and nutritional absorption efficiency in
aquatic animals [7].

The other important dimension of the usefulness of
B. licheniformis in aquaculture is its ability to modulate the
immune response. The bacterium is known to be able to
increase the levels of immune-genes such as interleukin-1/
(IL-1p) and tumor necrosis factor a (TNF-@) that helps
inducing the immune response to pathogens in fish [8]. In
addition, the probiotics can also enhance the secretion of
lysozyme or immunoglobulin M (IgM) production which
is part of the fish’s immune system and hence, pacifying
the fish against bacterial infections [9].

Phytobiotics are substances obtained from plant sources
that are being accepted more and more as substitutes for
chemicals in aquaculture. One such phytobiotic, C. verum is
also referred to as true cinnamon and is reputed for its anti-
microbial, antioxidant, and anti-inflammatory effect. More
recent findings have shown that inclusion of C. verum in fish’s
diets contributes to better growth and immune response by
improving gut health and reducing oxidative stress [10]. Some
formulations having bioactive components of C. verum such
as eugenol and cinnamaldehyde were effective against
A. hydrophila a pathogenic bacterium for fish [11].

Furthermore, it has been noted that C. verum acts as an
antioxidant by decreasing reactive oxygen species (ROS) in
fishes which helps improve their general well-being [12].
This is common in aquaculture, more so when the rearing
densities are high and needs to be done effectively to enhance
the health of the fish. C. verum has more than just antioxi-
dant activity, its application is also beneficial within the fish
system on critical organs including the liver and kidneys
which are always attacked by daily oxidative stress in such
populations of fishes [13].

Even within probiotics and phytobiotics, there are suc-
cessful application of each; however, in the direction of aqua-
culture, a number of studies have been performed on the fish
for the combined action of these two groups of biologics.
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Studies showed that dietary inclusion of single probiotic,
B. licheniformis, or phytobiotic, C. verum, in fish gave sub
optimal results when both were included in feed. The probi-
otic promotes the integrity and activity of the gut micro-
biome and the phytobiotic grant extra antimicrobial and
antioxidant effect, making the immune system of the fish
more comprehensive and effective.

In a research work with L. rohita, a mixture of B. licheni-
formis and C. verum demonstrate beneficial effects upon
certain growth parameters such as weight gain (WG), SGR,
and FCR as compared to control groups [14]. Further, the
fish were not only able to overcome the challenge but also
exhibited higher disease resistance to A. hydrophila infection,
thus, emphasizing the role of the combined supplementation
on disease resistance. Other combinations of probiotics and
prebiotic, such as the use of synbiotics have also been
attempted with positive response such as enhancement of
digestive enzymes activity, feeding efficiency, and immune
function [5].

Besides the interesting factors discussed above, the use of
B. licheniformis and C. verum in aquaculture is associated
with modulation of expression of immune gene which is of
major interest in this study. It has been reported that supple-
mentation of probiotics can lead to upregulation of pro-
inflammatory cytokines producing genes such as IL-1f and
TNF-a which are important in the general initiation of the
immune response [8]. Such upregulation is key in enabling
fish to defend themselves against attacking pathogens espe-
cially during the beginning stages of infection.

Typically, phytobiotics such as C. verum have also been
highlighted to influence gene expression through inhibition
of pro-inflammatory cytokines thus averting (cutting the risk
of in red) chronic inflammation and reducing the risk of
tissue injury [11].

The interplay of probiotics and phytobiotics on gene
expression also helps in achieving a proper level of immune
response to infections in fish, avoiding unproductive over-
reactions of inflammatory responses.

Combining B. licheniformis and C. verum into aquacul-
ture diets is likely to be effective for improving the health,
growth performance, and disease resistance of fish reared in
a sustainable environment. The industry will move away
from antibiotic treatment, and the use of probiotics and
phytobiotics in conjunction will help further improve the
natural resilience of L. rohita fish.

The study aims to investigate the comparative effects of
Bacillus lichenoformis and C. verum in terms of cost-effectiveness
and their efficacy in the context of immunomodulation, fish
health, and resistance to A. hydrophila in L. rohita. Additionally,
it seeks to determine the optimal dosage that yields beneficial
effects on the fish. We recommend conducting more studies on
the applications of these additives and other strains of probiotics
in aquaculture to establish optimal ratios that maximize benefits
and maintain the sustainability of aquaculture practices.

Utilizing probiotics along with phytobiotics in aquacul-
ture systems has beneficial implications for both productivity
and fish health with fewer adverse environmental impacts.
As the population continues to grow, the demand for fish will
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TasLE 1: Ingredient composition (mg/kg) of the experimental diets (on dry matter basis).
i Experimental diets
Diet ingredients (g)
Control D1 D2 D3 D4 D5 D6

Soybean meal (g/kg) 350 350 350 350 350 350 350
Fish meal (g/kg) 220 220 220 220 220 220 220
Corn gluten (g/kg) 120 120 120 120 120 120 120
Rice polish (g/kg) 120 120 120 120 120 120 120
Vitamin premix (g/kg) 20 20 20 20 20 20 20
Mineral mixture (g/kg) 30 30 30 30 30 30 30
Fish oil (ml/kg) 10 10 10 10 10 10 10
Wheat flour (g/kg) 130 130 130 130 130 130 130
Bacillus lichenoformis (CFU/g) 0 10° 107 10° 0 0 0
Cinnamomum verum (mg/kg) 0 0 0 0 25 50 75
Total 1000 1000 1000 1000 1000 1000 1000
Proximate composition (%)

Crude protein 35.27 35.46 35.25 35.45 35.34 35.34 35.33

Ether extract 15.59 15.49 15.35 15.47 15.59 15.57 15.47

Crude fiber 15.32 15.41 15.23 15.40 15.32 15.32 15.30

Total ash 12.45 13.03 12.86 11.98 12.98 12.98 12.98

Dry matter 92.12 92.04 92.14 92.35 92.12 92.12 92.12
Gross energy 341.32 342.01 340.55 342.28 341.6 341.3 340.9

Note: Vitamin premix (mg/IU per kg of premix): Vitamin A, 219,990,000 IU; Vitamin D, 41,990,000 IU; Vitamin E, 8350 IU; Vitamin K, 9100 mg; Vitamin B1,
1280 mg; Vitamin B2, 8000 mg; Vitamin B6, 6100 mg; Vitamin B12, 30,900 pg; Vitamin C, 10,600 mg; calcium pentothenate, 30,700 mg; nicotinic acid, 100,100
mg; folic acid, 2125 mg. Mineral premix (mg/IU per kg of premix): Ca, 155 g; P, 135 g; Mg, 55 g; Na, 45 g; Fe, 1000 mg; Zn, 3000 mg; Mn, 2000 mg; Cu, 600 mg;

Co, 10 mg; I, 40, mg; Se, 3 mg.

rise, and these sustainable opportunities will play a crucial
role in AQs meeting the global food security requirements.

2. Materials and Methods

2.1. Experimental Design and Fish Maintenance. The experi-
ment spanned over a period of 12 weeks and was carried out
with L. rohita fingerlings (mean weight: 10.53 £0.25g). We
obtained 800 fingerlings and randomly assigned them to
seven treatment groups, each with three replicates and n=
100 per group. Each replicate was placed in a 300 L fiberglass
tank, which had all water parameters maintained within
controlled conditions with aeration, a temperature of 27 +
1°C, and dissolved oxygen levels of 5.8 £0.2mg/L. Every
day, we carried out a 30% water exchange to maintain
good water quality. We maintained a photoperiod of 12h
of light and 12h of darkness throughout the entire experi-
ment. The experiment was preceded by a 2-week acclimati-
zation period during which fish were just placed on a basal
diet before the start of the trial.

2.2. Diet Preparation and Feeding Regime. We designed the
test diets to be isoproteic (35% CP) and isocaloric (18.2 MJ/kg) to
meet the nutrient requirements of L. rohita fry. The control diet
was a basal phosphorus-free diet (control), and the test diets
contained either B. licheniformis or C. verum in different propor-
tions. We supplemented the formulation with purchased probi-
otic B. licheniformis colonies at three different levels: D1 =105
CFU/g, D2=107 CFU/g, and D3 =109 CFU/g. Similarly, we
added the phytobiotic C. verum at three different concentrations:

D4 =25 mg/kg, D5 =50 mg/kg, and D6 =75 mg/kg mentioned
in Table 1.

The powdered C. verum was acquired from an approved
distributor and incorporated directly into the feed formula-
tion. The diets were formulated by accurately combining the
components, extruding the pellets with a noodle extruder,
and subjecting them to a temperature of 45°C. The commer-
cially available probiotic strain was uniformly sprayed over
the feed using phosphate-buffered saline (PBS) media, as
both PBS and NaCl media do not adversely affect bacterial
viability or the palatability of the feed. The pellets were addi-
tionally coated with fish oil to minimize bacterial loss in
water prior to ingestion. The trial involved testing the sur-
vival of probiotic bacteria in the diet by diluting the diet with
saline and applying 0.1 mL of this dilution onto agar plates.
The plates were maintained at 36°C for a duration of 24 h.
Diets were employed to maintain the desired colony count.

2.3. Feeding Regime. The fish were fed in two equal portions
at 09:00 and 16:00, amounting to 3% of their daily weight.
Adjustments were made biweekly, informed by a comparable
parameter measured for total biomass during the same
interval.

2.4. Growth Performance Assessment. The evaluation of
growth performance included WG, SGR, FCR, and protein
efficiency ratio (PER). To evaluate the total biomass in each
tank, biweekly weight measurements of each fish were con-
ducted using a digital balance. WG was determined by cal-
culating the difference between initial and final weights. The
SGR was determined utilizing the formula:
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TasLE 2: PCR Primers used in the study.
Gene Gene primer sequence (5'—3') Temperature (°C) Gene bank ID
F: ATCTTGGAGAATGTGATCGAAGAG
114 R: GATACGTTTTTGATCCTCAAGTGTGAAG 615 AMI3255
F: CCAGGCTTTCACTTCACG
TNF-a R: GCCATAGGAATCGGAGTAG 61.1 FN543477
[20]
Refrence gene f-actin F: AGACCACCTTCAACTCCATCATG 60.5 AY531753

R: TCCGATCCAGACAGAGTATTTACGCH

Note: [21].

Abbreviations: IL-1, interleukin-1f; PCR, polymerase chain reaction; TNF-a, tumor necrosis factor a.

(In Final weight — In initial weight)

SGR(%) = X 100.

Experimental days

FCR was calculated as the ratio of the total feed con-
sumed to the WG of the fish:

Feed intake (g)

FCR =
WG (g)

2.4.1. PER. PER was computed by dividing the WG by the
protein intake.

2.5. Hematological and Immunological Parameters

2.5.1. Sample Collection and Storage. At the termination of the
experiment, blood samples were collected from healthy fish
that displayed no indications of infection. Five fish from each
group were anesthetized with clove oil (50 mg clove oil L™
and blood was collected from the caudal vein using a sterile
syringe [15]. Fifty percent (50%) of each blood sample was
stored at 4°C in an aqueous heparin solution (anticoagulant)
and later used for the immediate evaluation of hematological
parameters. The residual blood was subjected to centrifuga-
tion at 1075 X g for 10 min at 4°C to isolate plasma. Further-
more, for the analysis of biochemical and immunological
assays, the samples were stored at —80°C. The hematological
parameters of bovine red blood cells (RBCs), white blood cells
(WBCs), hemoglobin (Hb), and hematocrit (Hct) were
assessed using standardized methods described in book
[16]. The concentrations of total serum were conducted
through Biuret’s method [17]. Serum samples were analyzed
to evaluate immunological parameters and biochemical mar-
kers, such as lysozyme activity, total protein levels, IgM, and
complement component 3 (C3) concentrations, in accor-
dance with the protocols outlined by Ullah et al. [18] and
Anderson and Siwicki [19].

2.6. Gene Expression Analysis. At the end trial, fish samples
were collected to analyze tissue sample and gene expression.
Six samples of liver and head kidney tissues from each group
were collected and promptly frozen at —80°C. Gene expres-
sion analyses of specific tissues were conducted within
1 week of tissue collection to ensure sample integrity. Quan-
tification of gene expression levels for IL-14 and TNF-a was
conducted using quantitative polymerase chain reaction

(qPCR). Total RNA was extracted from liver and head kid-
ney tissues using TRIzol reagent and a commercial total
RNA extraction kit. For each sample, 1 ug of RNA was
reverse transcribed to cDNA utilizing a standard cDNA syn-
thesis kit (Cat#K1622, Thermoscientific, USA; Cat#G898,
Applied Biological Materials, USA). The qPCR was per-
formed in triplicate utilizing 1 pL of cDNA template and
SYBR green master mix (Cat#K0222, Thermo Fisher Scien-
tific, USA) under defined conditions. Amplification and
expression data were analyzed with LinRegPCR software,
utilizing the Pfaffl method for quantification of expression.
The following primer sequences were utilized (Table 2).

2.7. Pathogenic Challenge with A. hydrophila. Following the
12-week feeding trial, a pathogenic challenge using A. hydro-
phila was conducted to assess the disease resistance of the
fish. This virulent strain was obtained from the Department
of Microbiology at GCU Lahore, Pakistan. Fingerlings
received an intraperitoneal injection of 0.1 mL of A. hydro-
phila suspension (1 x 10° CFU/mL), while the control group
was injected with an equivalent volume of sterile PBS. Mor-
tality assessment was conducted over a 10-day period to
observe any instances of mortality, and the relative percent-
age survival (RPS) was calculated using the following for-
mula:

Mortality in treatment group

RPS(%) = |1 X 100.

Mortality in control group

2.8. Statistical Analysis. The data was calculated as the three
replicates average (n = 3) =+ standard error of mean (SEM) and
were statistically analyzed by one-way analysis of variance
(ANOVA) by adjusting the significant level at p<0.05.
Tukey’s multiple range test was used to determine differences
among the groups. All statistical analyses were performed by
using the statistical software SPSS (IBM Statistics version 25.0).

3. Results

3.1. Growth Performance Metrics. Table 3 summarizes the
growth performance of L. rohita fingerlings that were fed
diets supplemented with different doses of B. licheniformis
and C. verum over a 12-week period. Group D3 exhibited the
highest body-WG of 125.40 £0.10 g, WG of 86.40 £0.53 g,
and SGR of 1.95+0.02%/day, significantly surpassing the



Aquaculture Research 5

TaBLE 3: Growth performance metrics of fish fingerlings fed experimental diets.

Experimental diets ANOVA
Parameters
Control D1 D2 D3 D4 D5 D6 p-Value
IBW (g) 39.404+0.52°  39.2040.1% 39.23+£025° 3920+0.1° 3923+0.11°  39.20+£02° 39.43+028°  0.001
FBW (g) 95204+02¢  10523+0.21° 108.3+0.1> 12540+0.1° 105.13+0.231° 112.33+0.57° 1169+1.62°  0.001
WG (g) 56.73+0.05¢ 6566 +0.41° 6920+ 0.1%° 86.40+0.53 66.03+0.06"° 72.40+0.36° 77.174+0.29°  0.001
FCR 1.0340.06° 09940019 09740017 081+£001* 0984001  094+0.03 0874£001>  0.001
SGR (%) 52.534+0.25°  61.87+£0.55% 64.67+0.65° 81.560.59 62.07+0.40% 69.06£0.47>° 73.47-+0.32°  0.001
PER 0.88+0.01° 1.0340.01° 1.14+0.01% 122+0.02* 0.987+£001% 1.063+£0.115¢ 1.13+£0.06>  0.001

Note: Values in the same row not sharing the same subscript are significantly different at p<0.05.
Abbreviations: ANOVA, analysis of variance; FBW, final body weight; FCR, feed conversion ratio; IBW, initial body weight; PER, protein efficiency ratio; RER,
relative efficiency ratio; SGR, specific growth rate; WG, weight gain.

TasLE 4: Hematological indices of fish fingerlings on varied experimental diets.

Hematological Experimental diets ANOVA
Parameters Control D1 D2 D3 D4 D5 D6 p-Value
Het (%) 26.034+0.55° 28.6+0.88"  33+0.577° 37.66+0.88% 27.33+0.33" 28.33+0.33% 32.6+0.33"  0.001
Hb (g/dL) 597 +£044% 7834021 8.65+0.07° 9.83+0.55  60+043°  7.04+040%% 8154002  0.001
MCHC (gdL™")  2474033" 26.6+026™ 28.1+0.18™ 30.5+029" 2684032 27.1+0.86™" 2954029  0.001
MCH (pg) 46.66 +120° 4233+033° 39.0+0.57° 343+0.88 4733+1.20° 4234+033° 39+0577°  0.001

Note: Values in the same row not sharing the same subscript are significantly different at p<0.05.
Abbreviations: ANOVA, analysis of variance; Hb, hemoglobin concentration; Hct, hematocrit; MCH, mean corpuscular hemoglobin; MCHC, MCH concen-
tration.

TasLE 5: Immunological indices of fish fingerlings on varied experimental diets.

Immunological Experimental diets ANOVA
Parameters Control D1 D2 D3 D4 D5 D6 p-Value
Total protein (g/dL) 35.03+0.54%¢ 37304030 38.64+0.31° 41.0+£057° 3534033% 365+028" 38940.54°  0.001
IgM (mg ml™) 77040117 897+040° 10604025 11.6-+045" 7.7340.03° 9.0740.49° 10.6+0.27°  0.001
C3 (mg ml™) 5544025 5594037 57.03+1.02*° 60.6+0.98" 5544026° 56.8+0.52° 57.040.744°  0.001
Lysozyme (ug ml™") 7.80+£0.21% 9204021¢ 1034025 11.10£057" 7.87+£0.17* 9434027 10240.15°  0.001

Note: Values in the same row not sharing the same subscript are significantly different at p <0.05.
Abbreviations: ANOVA, analysis of variance; C3, complement component 3 levels; IgM, immunoglobulin M concentration.

control group, which recorded a final body weight of 95.20 &
0.20g, WG of 56.73 £0.05g, and SGR of 1.56 & 0.01%/day
(p<0.05). The FCR was optimal in group D3, recorded at
0.81 £0.01, compared to the DMSO group, which had a
value of 1.03 £0.06. Conversely, under C. verum, it was
noteworthy that fish in D6 (75 mg/kg) exhibited significant
growth, while no growth was observed in the other groups
relative to the control. Nonetheless, the performance in ques-
tion remains inferior to that of the D3 group, as outlined in
Table 3.

3.2. Hematological Parameters. Significant alterations were
observed in the hematological indices of the subjects following
the administration of dietary supplements, particularly in
RBC count, WBC count, Hb concentration, and Hct (Table 4).
The D3 group exhibited the highest RBC count (3.80 & 0.05 X
10° cells/mm?) and Hb concentration (9.83 & 0.55 g/dL),
significantly surpassing the other groups (p<0.05).
Conversely, the control group recorded the lowest values

(RBC: 2.98 4 0.03 x 10° cells/mm”® and Hb: 5.97 + 0.44 g/dL).
As mentioned in Table 4, fish in the D6 group demonstrated
enhancements in hematological parameters compared to the
control group, specifically in WBC levels (7.85£0.08 x
10° cells/mm®) and Hct (37.66% =+ 0.88%).

3.3. Immunological Parameters. The intervention positively
influenced several immunological markers, including serum
lysozyme enzyme activity, IgM, and C3. One hundred twenty
fish receiving the D3 diet exhibited the highest mean lyso-
zyme activity of 11.10 4= 0.57 ug/mL, which was significantly
(p <0.05) greater than that of the control group, which had a
mean of 7.80 £ 0.21 ug/mL. The IgM levels were elevated in
the D3 group relative to the control group (11.6 +0.45 and
7.70 £0.11 mg/dL, respectively), while the D6 group indi-
cated the second-highest IgM titer at 10.6 +0.27 mg/dL.
The complement C3 levels were consistent with the tissue
cultures for the D3 group, which recorded a level of 60.6 £
0.98 mg/mL. Details are outlined in Table 5, meanwhile
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graphical representation of RBC and WBC count can be seen
in Figure 1.

3.4. Gene Expression. The expression levels of immune-
related genes, including IL-1/ and TNF-a, were significantly
increased in the liver and head kidney tissues of fish admin-
istered B. licheniformis and C. verum in comparison to the
control group (Figures 2 and 3). In the liver, using the control
fish as a baseline, the D3 group exhibited an increase in IL-1/
by a factor of 3.2 and TNF-a by a factor of 2.5 (p<0.01). In
the fish D6 group, kidney tissues exhibited a 2.8-fold increase
in IL-1/ expression levels and a 2.3-fold increase in TNF-a
expression levels (p<0.01).

3.5. Pathogenic Challenge and Survival Rate. Survival rates
across all treatment groups following exposure to A. hydro-
phila exceeded those of the control groups (Figure 4). The D3
group exhibited a notable cytokine level, achieving a survival
rate of 85.60% =+ 1.20%, followed by the D6 group at 78.40%
=+ 1.50%. The control group recorded the lowest survival rate
at 56.50% =+ 2.00%.

4. Discussion

This research aimed to assess the impact of incorporating
B. licheniformis and C. verum in the diet on the growth
performance, immune modulation, gene expression, and
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which showed the most notable improvements. * indicates a lower level of statistical significance, suggesting minimal difference. ** denote

moderate statistical significance, indicating notable differences.
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FiGure 4: Kaplan—Meier % survival probability curve of Labeo rohita
following Aeromonas hydrophila challenge for 12 weeks. The statis-
tical significance of the results is indicated by the letters, with a
being the most significant, followed by b, ¢, and d. More statistical
significance means less mortality.

disease resistance of L. rohita fingerlings. The results indi-
cated that B. licheniformis and C. verum improved growth,
immunity, and disease resistance with optimal outcomes
observed when high doses of both additives were adminis-
tered concurrently. The results align with recent studies
advocating for probiotic and phytobiotic supplementation
in aquaculture.

The fact that growth parameters were much better in the D3
group (109 CFU/g B. licheniformis) and the D6 group (75 mg/kg

C. verum) supports the idea that probiotics and phytobiotics can
help animals absorb and use nutrients better in their food. Com-
parable improvements in FCR and SGR have been documented
in many aquaculture studies involving the use of Bacillus species.
As evidenced in this study, Oreochromis mossambicus showed a
greater growth performance when fed with higher concentra-
tions of probiotic B. licheniformis in their diet, which agrees with
the results of this current study [22]. This rise in growth may be
due to the improvement of gut health, adjustment of the diges-
tive system, and the rise of beneficial microbes in the GI tract
attained through the use of probiotics [23]. Ramesh et al. [24]
demonstrated the immunostimulatory effect of B. licheniformis
in L. rohita, which aligns with our observation of enhanced
growth and immunological responses under diets supplemented
with B. licheniformis. This correlation emphasizes the potential
of B. licheniformis as a beneficial probiotic in aquaculture.

As for C. verum, studies have demonstrated that it
contains powerful antioxidants and has anti-inflammatory
effects that help reduce oxidative stress in fish that are kept
in intensive aquaculture systems. Oxidative stress has long
been recognized as an inhibitory factor in the growth of fish,
especially under conditions of high-density rearing where
metabolic activities are high, causing high levels of ROS
within the fish [12]. It can be noted that the markedly
improved growth characteristics recorded in this study
among the experimental D6 group may be related to the
property C. verum possesses lowering the oxidative stress
levels and thereby, enhancing the overall metabolic perfor-
mance of the animals, similar to the findings of Zeeshan et al.
[25] who observed the same results in broiler chickens.
Gupta et al. [26] highlighted the significant role of probiotics
and herbal supplements in immunonutrition, focusing on
their ability to counteract the negative effects of chemother-
apeutics in fish farming.



The upregulation of immune genes such as IL-1f and
TNF-a and their expression in the liver and kidney tissues
of the fish on B. licheniformis and C. verum shows increased
immune modulation. Both IL-14 and TNF-a are pro-
inflammatory cytokines involved in the first line of an
immune response, enabling an organism to adapt and fight
pathogens [8]. This increase in the concentration of immune
genes, especially in the D3 group, strengthens the notion that
B. licheniformis like probiotics augment immune capacity
through cytokine production [27]. Additionally, dietary sup-
plementation with B. licheniformis was found to enhance
immune response in sea cucumbers through upregulation
of immune-related genes as we also showed for L. rohita [28].

Cinnamomum verum has been shown to have some
immune modulation effects in the said group D6. This may
be due to its bioactive components, for instance, cinnamalde-
hyde, which has been demonstrated to be an effective antibac-
terial and anti-inflammatory agent. These compounds also
help in regulating the immune response through inhibition
of inflammation and boosting cellular immune effector cells
like macrophages and lymphocytes [11]. The levels of serum
IgM and complement C3, which were found to increase in the
serums of the study participants, are additional evidence of
C. verum’s capacity to enhance humoral immunity, which
agrees with the findings of Sukul et al. [5], who reported
enhancement of immune function of L. rohita when fed diets
rich in phytobiotics. Nazeemashahul et al. [29] discussed the
broader applications of herbal-based products in aquaculture,
emphasizing their role in growth promotion and immune stim-
ulation. Although specific quantitative data were not provided,
their review supports the general trend observed in our study,
where herbal supplementation (specifically C. verum) signifi-
cantly enhanced growth and immune responses.

It was found that when B. licheniformis is assisted by
C. verum, as gained in groups D3 and D6, there are better
parameters for growth, immune response, and disease pre-
vention as compared with control and other experimental
groups. This means that probably two additives influence
each other positively when included. Bacillus licheniformis
supplements are effective in modulating gut symbiotic bac-
teria by eliminating pathogens, while phytobiotics such as
C. verum possess additional properties that foster gut health
by being antioxidative and antimicrobial [30]. This combi-
nation improves the homeostasis of the gut environment,
thereby, enhancing prey capture and immune response.

This combination enhances gut homeostasis, thereby,
improving prey capture and immune response. The elevated
survival rates of fish in D3 (85.6%) and D6 (78.4%) following
the A. hydrophila challenge demonstrate the benefits of incor-
porating probiotics and phytobiotics for enhancing disease
resistance in fish. The modulation of the immune system
and the inhibition of pathogenic bacteria by B. licheniformis
have been documented in earlier studies, indicating that these
activities are not novel. Zhang et al. [27] demonstrated that
the incorporation of B. licheniformis in broilers mitigated the
effects of necrotic enteritis by decreasing inflammation and
improving gut barrier function, which may have contributed
to the high survivorship observed in this study. Probiotics
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function by synthesizing digestive enzymes and promoting
beneficial intestinal microorganisms that aid in the digestion
of complex nutrients [23]. According to Yu et al. [8], inclusion
of B. licheniformis improved digestive enzyme activity in
weaning piglets. Khan et al. [10] reported that the herb
C. verum enhances digestion by stimulating the production
of bile and digestive enzymes. Prior research has utilized cin-
namon oil to combat fish infections attributed to the bacte-
rium Streptococcus iniae in Tilapia [31] and A. hydrophila
infections in Nile Tilapia [32]. Both studies demonstrated a
significant inhibitory effect on the pathogen, indicating its
potential as an alternative to antibiotics in aquaculture. Our
study similarly found that B. licheniformis and cinnamon
from C. verum enhanced survival of L. rohita against A. hydro-
phila. This study demonstrates that the inclusion of B. licheni-
formis and C. verum in the diet of L. rohita fingerlings enhances
growth performance, modulates the immune system, and
increases disease resistance. The optimal combinations of the
two additives yielded the most favorable results, indicating their
potential as effective antibiotic alternatives in aquaculture. This
paper discusses the potential of probiotic—phytobiotic combina-
tions to enhance fish health and productivity. Improvement of
these additives is necessary to enhance their benefits and evaluate
their safety for fish, as well as the sustainability of fish farming
practices.

5. Conclusion

The evaluated combinations of C. verum and B. licheniformis
may serve as a sustainable and cost-effective alternative to
antibiotics. The study demonstrated that the incorporation
of 10° CFU/g of B. licheniformis and 75 mg/kg of C. verum
into the diet of L. rohita fingerlings significantly improves
growth, feed efficiency, and immune response. Significant
elevation of immune function genes, such as TNF-a and
IL-15, was observed in both liver and head kidney tissues.
Bacillus licheniformis enhances fish health and performance,
and our findings elucidate its molecular mechanism. Bacillus
licheniformis presents a viable option for aquaculture anti-
biotics, demonstrating enhanced fish survival rates against
A. hydrophila, as well as improvements in fish health, pro-
ductivity, and disease resistance.
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