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ABSTRACT 
 

The excessive use of antibiotics in aquaculture has improved short-term fish survival but contributed to antibiotic 

resistance, raising long-term food safety concerns due to potential residue transmission through the food chain. A 

sustainable solution to combat fish diseases can be achieved by integrating good husbandry practices with 

prophylactic agents like immuno-stimulants and probiotics. Probiotics, known for their ability to balance intestinal 

flora, enhance host health, and boost immunity, have long been used in human and animal diets. The present study 

evaluates the effects of probiotics sourced from freshwater and marine fish intestines on the growth, survival, and 

immunity of Nile tilapia (Oreochromis niloticus) juveniles under bacterial pathogen challenge. The lethal dose (LD50) 

of Aeromonas hydrophila (strain A10) was determined as 8.13 x 10¹¹ for the Nile tilapia juveniles. Probiotic 

candidates, derived from goldfish (Carassius auratus) and marine catfish (Hexanematichthys sagor), were applied 

individually and as mixtures on fish feed. A 14-day in vivo trial involving 17 treatment groups, including controls 

and probiotic combinations, was conducted in triplicate. Post-challenge with A. hydrophila LD50 revealed all fish 

survived; however, those treated with mixed probiotics (Shewanella algae, Enterobacter cloacae, and Bacillus 

thuringiensis) exhibited reduced leukocyte counts but higher lymphocyte counts compared to controls and single -

probiotic groups. Additionally, fish treated with mixed probiotics showed a lower feed conversion rate (FCR), 

indicating improved appetite and growth despite pathogen exposure. This study demonstrates mixed probiotics could 

enhance the growth, immunity, and survival of Nile tilapia juveniles, highlighting their potential a s sustainable 

prophylactics in aquaculture. 
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INTRODUCTION 

 

 The use of antibiotics in aquaculture has significantly 

improved the survival of cultured fish. However, it has also 

led to the emergence of antibiotic-resistance microbes, 

which pose a major threat to aquatic ecosystems and human 

health (Bondad-Reantaso et al. 2005; Primavera 2006). 

Residues of antibiotics can persist in the environment and 

enter the food chain, jeopardizing food safety and 

potentially causing harm to consumers over time (Alday et 

al. 2006). To address these challenges, a more sustainable 

approach is needed to reduce the dependency on 

antibiotics. This can be achieved by combining good 

husbandry practices with prophylactic agents, such as 

immuno-stimulants and probiotics (Naylor et al. 2000; 

Primavera 2006; Raza et al. 2024). 

 Probiotics have emerged as a promising, 

environmentally friendly alternative to improve fish health 

and growth (Hong et al. 2008; Michael et al. 2014). These 

beneficial microorganisms living in host organisms may 

stimulate phagocytic activity, thereby enhancing the 

immune system and providing disease resistance 

(Nikoskelainen et al. 2003). Dietary supplementation 

with  probiotics  modulates  the  gut microbiota, providing 
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nutritional benefits and mitigating the adverse effects of 

antibiotics and drugs (Nikoskelainen et al. 2003). Probiotics 

have long been used as dietary supplements for humans and 

animals (Balcázar et al. 2006; Tuan et al. 2013). To function 

effectively, they must survive harsh gastrointestinal 

conditions- gastric acid and bile salts (Michael et al. 2014). 

In aquaculture, probiotics optimize gut microbiota in fish, 

boosting nutrient uptake and growth rate (Soccol et al. 

2010). As a result, fish reach marketable size faster, 

enhancing both yield and product quality (Cruz et al. 2012). 

 Probiotics suppress gut pathogens by secreting 

antagonistic compounds and out-compete them for nutrients 

and attachment sites, thereby preserving native microbiota 

and bolstering host immunity (Tapia-Paniagua et al. 2010; 

Pandiyan et al. 2013; Zapata, 2013). Maintaining a balanced 

gut ecosystem is vital for innate immune function and 

infection resistance (Siddque et al. 2015). In fish larvae, 

which rely on non-specific defenses, probiotic 

supplementation markedly improves disease resistance and 

survival during outbreaks (Rengpipat et al. 1998; Talpur et 

al. 2012; Tuan et al. 2013). Moreover, probiotics enhance 

water quality by degrading organic matter, suppressing 

harmful bacteria and promoting beneficial microbial and 

algal communities in aquaculture systems (Balcázar et al. 

2006; Liu et al. 2010; Soccol et al. 2010). 

 Administered orally or via immersion, probiotics can 

establish long-term colonization in the teleost gut, ensuring 

sustained health and growth benefits (Cruz et al. 2012; 

Tuan et al. 2013). They stimulate leukocyte activity-

elevating lymphocytes, neutrophils, and monocytes count-

to strengthen innate defenses, suppress pathogens and 

poster beneficial microbes (Picchietti et al. 2007; 

Merrifield et al. 2010; Zokaeifar et al. 2012; Talpur et al. 

2012; Pandiyan et al. 2013; Rungrassamee et al. 2014; 

Michael et al. 2014). 

 Blood parameters especially white blood cell (WBC) 

counts are fundamental indicators of fish health (Dal'Bó et 

al. 2015). Key leukocyte populations include neutrophils, 

monocytes (which differentiate into macrophages or 

dendritic cells), and lymphocytes, each orchestrating 

distinct defensive mechanisms (Tavares-Dias et al. 2011). 

Upon pathogens challenge, circulating WBCs increase: 

neutrophils rapidly home to infection sites, release granule 

proteins to modulate inflammation, and phagocytose 

invaders with enzymes and antimicrobial peptides 

(Lieschke and Trede 2009; Neumann et al. 2001). 

Monocyte-derived macrophages and dendritic cells then 

present antigens to lymphocytes, driving interleukins 

secretion and antibody production for adaptive immunity 

(Lieschke and Trede 2009). 

 This study evaluates three intestinal probiotic strains- 

Shewanella algae, Enterobacter cloacae and Bacillus 

thuringiensis, isolated from intestines of Sagor catfish 

(Hexanematichthys sagor) and goldfish (Carassius 

auratus). Administrated alone or in combination to tilapia 

juveniles challenged with a bacterial pathogen, these 

probiotics were assessed for their effects on growth rate, 

survival and WBC-driven immune responses. 

 
MATERIALS AND METHODS 

 

Experimental design and LD50 of bacterial pathogens 

 A total of 240 Nile tilapia (Oreochromis niloticus) 

juveniles, averaging 5±1g in weight, were divided across 

24 aquaria in a closed aerated system with 10 fish per tank. 

The Aeromonas hydrophila pathogen stock was provided 

by the late Prof. Dr. Kishio Hatai and cultured in seven 

tubes over 24h according to Pang et al. (2019). Until each 

tube reached optical densities (OD600) of 0.5, 0.8, 1.1, 1.3, 

1.5, 1.8, and 2.0, respectively. Upon reaching the desired 

OD, the incubation of the particular tube was halted and 

stored for later use. Then each of the tubes was exposed to 

fish in triplicate tanks (21 fish per OD) via immersion as 

described by Feliatra et al. (2018), with three tanks serving 

as negative controls. The fish were observed daily for 

mortality and behavioural changes, or physical 

abnormalities. Uneaten feed and faeces were siphoned off 

each tank immediately after observation. On the 14th day, 

bacterial concentration in the water of each tank was 

quantified using serial dilution and presented in CFU/mL. 

The LD50 of the pathogen was calculated based on Reed and 

Muench's (1938) formula as stated in Equations 1 and 2: 

Proportionate distance =
mortality above 50%−50%

mortality above 50%−mortality below 50%
 

(Equation 1) 
 

LD50 = Antilog (dilution above 50% - proportionate distance) 
(Equation 2) 

 

Preparation of probiotics 

 Probiotic candidates, isolated previously from the 

intestines of Hexanematichthys sagor (Pang et al. 2019) 

and Carasius auratus (Pang et al. 2020), were cultured in 

tryptic soy broth (TSB), and stored at 4°C. Before 

application, 2µL of each isolate was transferred to fresh 

tryptic soy agar (TSA) and incubated overnight at 27°C for 

24-48h to allow the growth of the potential probiotic 

colonies of Sh. algae, Ent. cloacae and B. thuringiensis 

(Cowan and Steel 1961). The selected probiotic colonies 

were then picked using a rod and cultured in 10mL TSB for 

later use. Before application, each of the isolated stock was 

transferred to fresh TSB (10mL) and incubated overnight 

at 27oC. Probiotic concentrations were standardized to an 

OD of 0.2 at 600nm using an Implen OD600 

spectrophotometer (Implen Gmbh, Germany). Probiotic 

mixtures were prepared in triplicate based on 

predetermined proportions as stated in Table 1. 
 

Table 1: The mixture, proportion, and volume of probiotic 

candidates 

Mixture Probiotic candidates Proportion Volume (mL) 

A Shewanella algae 1 18 

B Enterobacter cloacae 1 18 

C Bacillus thuringiensis 1 18 

AB Sh. algae and Ent. cloacae 1:1 9:9 

AC Sh. algae and B. thuringiensis 1:1 9:9 

ABC Sh. algae, Ent. cloacae and B. 

thuringiensis  

1:1:1 6:6:6 

 

Preparation of probiotic-treated feed 

 Probiotics were orally administered to tilapia juveniles 

by mixing with commercial fish feed. A total of 12g of the 

feed was prepared daily, sterilizing it on a tray with UV 

light. Then, the probiotic cultures (18mL) were evenly 

sprayed onto the feed, flipped twice to ensure uniform 

coating, and dried for 30 minutes. Treated feeds were 

stored at 4°C and weighed before and after feeding 

sessions. Unused feeds were discarded after the second 
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daily feeding session. This process was repeated daily 

throughout the 14-day experimental period. A total of 170 

tilapia juveniles (average weight 4.9±1g) were 

acclimatized for two weeks in a hatchery condition. The 

fish were fed with the probiotic-coated feed twice daily. 

After acclimatization, fish were redistributed into 10L 

aquaria (10 fish each). The fish were fed ad libitum, and 

uneaten feed and faeces were siphoned off daily. A closed, 

aerated system was maintained throughout the experiment. 

Probiotic treatments were performed either alone (Sh. 

algae (A), Ent. cloacae (B), and B. thuringiensis (C) or in 

combinations (e.g., AB for Sh. algae and Ent. cloacae). 

Probiotic concentrations were set to an OD600 of 0.2, 

corresponding to 6.7x107CFU/mL for Sh. algae, 

2.9x108CFU/mL for Ent. cloacae and 6.2 x 107CFU/mL for 

B. thuringiensis. 

 

Pathogen exposure and experiment setup 

 Aeromonas hydrophila strain A10 (courtesy of 

Nagasaki University, Japan), was cultured in TSB and 

incubated at 27°C overnight. Pathogen suspensions at 

OD600 between 1.75 and 1.95 were freshly prepared for the 

in vivo challenge tests. Pathogen concentration for 

challenge tests was set at 1.43 x 108 CFU/mL. The 

pathogen was introduced to the tilapia juveniles on day 14 

via immersion as described by Vijaybaskar and 

Somasundaram (2008). 

 Treatments included three controls and two sets of each 

probiotic combination (Table 2), all conducted in triplicate. 

Control 1 used untreated commercial feed with no pathogen 

(negative control). Control 2 used TSB-treated feed with no 

pathogen (negative probiotic control) and control 3 used 

TSB-treated feed with a pathogen (positive control). 

 
Table 2: Experimental setup of probiotic fortified tilapia 

juveniles exposed to Aeromonas hydrophila strain A10 

Treatments Probiotics TSB Pathogen 

A B C 

Control 1 No No No No No 

Control 2 No No No Yes No 

Control 3 No No No Yes Yes 

A1 Yes No No Yes No 

A2 Yes No No Yes Yes 

B1 No Yes No Yes No 

B2 No Yes No Yes Yes 

C1 No No Yes Yes No 

C2 No No Yes Yes Yes 

AB1 Yes Yes No Yes No 

AB2 Yes Yes No Yes Yes 

BC1 No Yes Yes Yes No 

BC2 No Yes Yes Yes Yes 

AC1 Yes No Yes Yes No 

AC2 Yes No Yes Yes No 

ABC1 Yes Yes Yes Yes No 

ABC2 Yes Yes Yes Yes No 

Note: A = Sh. algae; B = Ent. cloacae; C= B. thuringiensis; AB, 

AC, BC and ABC=Mixed probiotics 
 

Growth measurement of fish 

 Fish length and weight were recorded on days 0, 7, 14, 

21, and 28. Five fish per treatment group were randomly 

sampled for calculation of specific growth rates (SGR) as 

described by Crane et al. (2020) in Equation 3. 
 

SGR=
100 (In 𝑊2−In 𝑊1)

𝑡2−𝑡1
                      Equation 3 

 Where W1 and W2 are initial and final weights; t1 and 

t2 are time points. 

 

Leucocyte count under pathogen challenge 

 The effect of probiotics on WBC (white blood cells) 

count, namely lymphocytes, neutrophils, and monocytes, 

was evaluated in tilapia juveniles challenged with the A. 

hydrophila. Blood was sampled as described by Argungu 

et al. (2016). Briefly, fish were sedated in aerated tanks 

with anesthetic solution (Nika Transmore, Sagar 

Aquarium, India), and 0.5 ml of blood was drawn from the 

caudal vein into EDTA-treated tubes before being smeared 

on a microscope slide. Blood smears were stained with 

Giemsa and analysed under a microscope. The WBC 

morphology was classified as per Claver and Quaglia 

(2009) and Clauss et al. (2008). 

 

Statistical Analysis 

Growth, feed utilization, feed conversion ratio (FCR), 

and WBC composition data were analysed using the SPSS 

version 2.0 (IBM Corp., Armonk, NY, USA). Data 

normality was assessed using the Shapiro-Wilk test, and 

non-normal data were log-transformed prior to one-way 

ANOVA analysis. 

 

RESULTS 

 

Lethal dose (LD50) of A. hydrophila 

 As shown in Table 3, the LD50 for tilapia juveniles over 

a 14-day period was determined to be 8.13 × 10¹¹ CFU/mL. 

This value corresponded to an optical density (OD600) range 

of 1.7-2.0, where bacterial concentrations ranged from 9.7 

× 10⁹ to 5.3 × 10¹¹ CFU/mL. The calculation followed the 

Reed and Muench (1938) method, utilising a proportionate 

distance of 0.91 to refine the LD50 estimate. Interestingly, 

all fish in control groups exhibited symptoms associated 

with Motile Aeromonas Septicaemia (MAS), such as 

necrosis, red sores, and haemorrhagic septicaemia, which 

agreed with the description of Pridgeon and Klesius (2011). 

These findings emphasized the virulence of A. hydrophila 

and its significant impact on tilapia health, even at lower 

OD600 levels. 

 

Growth performance without pathogen challenge 

 Table 4 reveals notable growth in fish across all 

probiotic treatments without exposure to A. hydrophila. 

The initial weight of 4.99±0.03g had increased by 56.19% 

to 7.79 ± 0.10g by the end of the experiment. Fish length 

followed a similar growth trend, with the mean increasing 

by 50.86 % from 5.17±0.0362 cm to 7.79 ± 0.07cm. While 

no significant differences were observed between probiotic 

treatments and the control (T1), treatment A1 (Sh. algae) 

and ABC1 (a mixture of Sh. algae, B. thuringiensis, and 

Ent. cloacae) showed higher mean SGR values, with 

increases of 0.33% and 0.06%, respectively. 

 

Growth performance under pathogen challenge 

 Table 5 shows the mean weight and length of 

probiotic-treated fish that were challenged with A. 

hydrophilia. In the pathogen-challenged fish, weights 

increased by 63.59%, from an initial average of 

4.9774±0.03g to 8.1426±0.103g. Fish lengths increased 

by   60%,  from   5.0417±0.028cm  to  8.0670±0.088cm. 
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Table 3: LD50 of Aeromonas hydrophila A10 to tilapia juveniles recorded after 14 days 

OD  CFU/mL Initial number Average mortality Average survival Death ratio Survival ratio Mortality Cumulative mortality 

2.0  1011 10 8 2 25 5 25/30 83.33% 

1.7 109 10 5 5 14 16 14/30 46.67% 

1.5 108 10 4 6 13 17 13/30 43.33% 

1.3 107 10 4 6 11 19 11/30 36.67% 

1.0 105 10 2 8 7 23 7/30 23.33% 

0.8 104 10 1 9 2 28 2/30 6.67% 

0.5 102 10 0 10 0 30 0/30 0 

0 0 10 0 10 0 30 0/30 0 
 

Table 4: Mean weight and length of fish under various probiotic treatments without pathogen challenge 

Treatments Initial Week 1 Week 2 Week 3 Week 4 Total Gain 

W(g) L(cm) W(g) L(cm) W(g) L(cm) W(g) L(cm) W(g) L(cm) W(g) L(cm) 

T1 4.83 5.19 5.81 6.29 6.65 6.91 7.16 7.44 8.01 7.82 3.18 2.63 

T2 5.15 5.25 6.19 6.40 6.73 6.86 7.33 7.38 8.04 7.95 2.89 2.70 

A1 4.87 5.19 6.26 6.45 6.28 6.90 7.26 7.47 8.03 7.75 3.17 2.55 

B1 5.22 5.91 6.60 6.98 6.65 6.90 7.14 7.25 7.62 7.56 2.40 1.65 

C1 4.98 5.07 6.13 6.27 6.67 6.79 6.89 7.08 7.39 7.45 2.41 2.38 

AB1 4.88 4.94 5.75 5.74 6.33 6.49 7.19 7.24 7.76 7.87 2.88 2.93 

AC1 5.05 5.07 5.83 5.97 6.33 6.39 7.05 7.25 7.81 8.04 2.77 2.97 

BC1 4.95 4.99 5.57 5.67 6.45 6.61 7.15 7.45 7.91 8.19 2.96 3.19 

ABC1 4.97 4.91 6.11 6.11 6.35 6.38 6.75 6.69 7.53 7.52 2.56 2.61 

Note: W=Total weight; L=Standard length; T= Control; A = Probiotic Sh. algae; B = Probiotic Ent. cloacae; C= Probiotic B. 

thuringiensis; AB, AC, BC and ABC = mixed probiotics 
 

Table 5: Mean weight and length of fish in probiotic treatment with pathogen challenge 

Treatments Initial Week 1 Week 2 Week 3 Week 4 Total Gain 

W(g) L(cm) W(g) L(cm) W(g) L(cm) W(g) L(cm) W(g) L(cm) W(g) L(cm) 

T3 5.07 5.13 6.57 6.65 7.12 7.10 7.45 7.45 8.01 7.83 2.95 2.70 

A2 4.71 5.01 5.89 6.37 6.73 7.06 6.73 7.26 7.81 7.74 3.09 2.73 

B2 5.08 5.13 7.09 7.14 7.38 7.49 7.98 7.87 8.94 8.57 3.86 3.44 

C2 5.05 5.11 6.29 6.43 6.79 7.00 7.29 7.33 7.75 7.79 2.69 2.68 

AB2 4.99 5.05 5.64 5.72 6.61 6.67 7.81 7.69 8.78 8.82 3.79 3.77 

AC2 4.84 4.84 5.79 5.71 6.73 6.74 7.74 7.81 8.69 8.81 3.85 3.97 

BC2 5.11 5.02 6.37 6.25 6.47 6.70 7.06 7.03 7.57 7.70 2.46 2.68 

ABC2 5.03 5.03 5.93 5.95 6.33 6.45 7.01 6.95 7.45 7.19 2.43 2.16 

Note: W=Total weight; L=Standard length; T= Control; A = Probiotic Sh. algae; B = Probiotic Ent. cloacae; C= Probiotic B. 

thuringiensis; AB, AC, BC and ABC = Mixed probiotics 
 

 
 

Fig. 1: Specific growth rate of probiotic-treated fish without (A) and with (B) pathogen challenge and the average feed consumption of 

probiotic-treated fish without (C) and with (D) pathogen challenge. 



Int J Vet Sci, 2026, 15(1): 1-9. 
 

 5 

Weight and length increments were also consistent across 

the range of fish sizes (4.10-6.00g to 5.50-10.70g and 4.30-

5.50cm to 5.70-10.40cm, respectively). Despite these 

gains, the SGR of fish across all probiotic treatments did 

not significantly differ from control treatment T3 (P>0.05). 

However, fish in treatment B2 (E. cloacae) demonstrated a 

1.98±0.747 higher SGR than controls, indicating a 

potential benefit under pathogen pressure. Fig. 1A and 1B 

show the distribution of specific growth rate of probiotic-

treated tilapia over four weeks with and without pathogen 

challenge. Meanwhile, Fig. 1C and 1D show the average 

feed consumption of probiotic-treated fish with and 

without pathogen challenge. 

 

White blood cell counts 

 Fig. 2 shows Giemsa staining of the blood smear for the 

tilapia in this study. Fish without probiotic treatment had 

the  highest  leukocyte  count  (4465.00±1042.75 cells/µL), 

followed by those treated with one type (2681.83±457.36 

cells/µL), two types (1946.83±599.45 cells/µL), and three 

types of probiotics (1441.50±109.84 cells/µL), 

respectively. Interestingly, fish exposed to pathogens had 

slightly lower leukocyte counts (5034.56±1144.47 

cells/µL) than unexposed fish (5500.16±1064.92 cells/µL). 

Fig. 3 shows comparisons of the average white blood 

counts in prebiotic-treated fish that had and had not been 

exposed to A. hydrophilia. 

  

 
 

Fig. 2: Fish leukocytes under light microscope with 100x 

magnification. Note: Lymphocyte (L); neutrophil (N) and 
monocyte (M). 
 

In fish that were unexposed to pathogens, the 

lymphocyte count in treatment ABC (Sh. algae, B. 

thuringiensis, and Ent. cloacae) was significantly lower 

than in control treatment T1 (P < 0.05). Notably, only T2 

(TSB-sprayed feed) showed a slight increase in 

lymphocyte count compared to T1. Under pathogen 

challenge, no significant differences were observed 

between treatments and controls (T3). However, treatments 

C2 (B. thuringiensis), AB2 (Sh. algae and Ent. cloacae), 

and ABC2 exhibited marginally lower lymphocyte counts 

than controls. 
 

Neutrophil counts 

 Neutrophil count in unchallenged fish was 

significantly lower in treatment ABC1 compared to control 

T1 (P<0.05), while T2 and C1 (B. thuringiensis) showed 

slightly higher counts than T1. In pathogen-challenged 

fish, neutrophil counts were significantly lower in 

treatment AB2 than in controls (T3, P<0.05), with all other 

probiotic treatments also showing lower neutrophil counts 

relative to controls. 

 

Monocyte counts 

 Monocyte counts, analysed via Tukey’s post hoc test, 

were generally not significantly different across treatments, 

whether the fish were pathogen-challenged or not. However, 

in unchallenged fish, T2 had slightly higher monocyte counts 

than T1. Under pathogen challenge, treatment ABC2 

showed marginally higher monocyte counts than T3, 

though the differences were not statistically significant. 
 

Survival rate of fish 

 Survival rates across all treatments were 100%, 

irrespective of pathogen challenge. However, some fish in 

pathogen-exposed treatments exhibited clinical signs of 

infection, such as tail rot and skin necrosis (Fig. 4). This 

suggests that while probiotics might not significantly 

protect the fish under pathogen pressure, they could 

mitigate disease severity. 

 

 
 

Fig. 3: Average white blood cell counts of various-treated tilapia 

fish with and without pathogen challenge. The cells comprise 

lymphocytes (A), neutrophils (B), and monocytes (C). 
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DISCUSSION 

 

 The determination of LD50 provided critical insights 

into the pathogenicity of A. hydrophila and its effects on 

fish health. Various methods, including oral 

administration, injection, and bath immersion, have been 

employed to introduce pathogens (Feliatra et al. 2018) or 

chemicals to host organisms. Among these, bath immersion 

was particularly suitable for aquatic animals because it 

mimicked a natural pathogen exposure in aquaculture 

systems (Brake et al. 2017). This method aligned closely 

with real-world conditions, where pathogens are mostly 

introduced via water, making it more ecologically relevant 

(Vaseeharan et al. 2004). 
 

 
 

Fig. 4: Tilapia with signs of A. hydrophilia infection (tail rot and 

skin necrosis). 
 

 In this study, no mortality in tilapia hosts was 

observed, even when the fish were exposed to the LD50 of 

A. hydrophila. This finding highlighted the importance of 

external and internal factors in determining LD50, such as 

fish size, age, health status, and environmental conditions 

(Kroupova et al. 2005). For instance, fish used in LD50 

experiments were lighter and potentially less resistant than 

those used in subsequent in vivo pathogen challenges, as 

larger fish typically exhibited greater disease resistance 

(Haniffa et al. 2015). These variables emphasize the 

complexity of assessing pathogen lethality and suggest that 

standardized experimental designs are necessary for a more 

precise evaluation. 

 Pathogen exposure could significantly impact fish 

appetite and growth (Manchanayake et al. 2023). Diseased 

fish often exhibited reduced feeding behaviour, leading to 

slower growth rates. Probiotics could mitigate these effects 

by improving nutrient absorption and digestion, even under 

pathogen-induced stress. In this study, tilapia treated with 

a combination of probiotics exhibited varying feeding 

responses, with some treatments showing reduced feed 

consumption compared to controls. 

 Interestingly, fish treated with combinations of Sh. 

algae (probiotic A), Ent. cloacae (probiotic B), and B. 

thuringiensis (probiotic C) consumed less feed but could 

maintain similar growth rates as others. This finding 

supported the hypothesis that probiotics could enhance feed 

efficiency by breaking down complex nutrients into smaller, 

more absorbable particles (Balcázar et al. 2006). The ability 

of probiotics to produce extracellular enzymes (Cruz et al. 

2012), such as proteases and lipases (Yi et al., 2020; Jamil et 

al. 2023), might aid in nutrient assimilation, promoting 

growth even when feed intake was reduced. However, the 

lower appetite observed in treatments involving Sh. algae 

could be attributed to the novelty of this marine-origin 

probiotic (Uniacke-Lowe et al. 2024) to freshwater tilapia. 

Despite reduced feed consumption, the specific growth rate 

(SGR) of fish in Sh. algae treatments were not significantly 

different from other treatments, indicating their potential to 

improve feed utilization and growth. 

 Probiotic treatments were observed to influence 

growth performance differently under pathogen-free and 

pathogen-challenged conditions. Fish treated with Ent. 

cloacae (probiotic B) exhibited notable growth 

improvements, with higher SGRs under both conditions. 

The growth-enhancing properties of Ent. cloacae could be 

attributed to its enzymatic activity, particularly in 

fermenting carbohydrates and producing bioactive 

compounds that promoted gut health (Fajingbesi et al. 

2018; Yi et al. 2020). Moreover, the combination of Ent. 

cloacae with other probiotics, such as B. thuringiensis, 

further enhanced growth by synergistically improving 

nutrient digestibility (Cruz et al. 2012; Galli et al. 2024). 

These findings were in line with previous research that 

suggests probiotic mixtures can optimize enzymatic 

activity and gut microbiota balance (Torres-Maravilla et al. 

2024), thereby supporting host growth even under 

pathogen stress (Capkin and Altinok 2008). 
 The immune-modulating effects of probiotics were 
evident in this study, as fish treated with probiotics showed 
variations in leukocyte counts under pathogen challenge. 
Leukocyte counts, particularly lymphocytes, neutrophils, 
and monocytes, serve as key indicators of immune response 
(Mokhtar et al. 2023). When invaded by a pathogen, the 
host immune system would be triggered, and this would 
increase the leukocyte count (Adeyemi et al. 2013). 
Therefore, the reduction in leukocyte counts observed in 
fish treated with mixed probiotics suggest that the probiotic 
treatment could modulate the immune system (Ridha and 
Azad 2012; Gewaily et al. 2021) by reducing stress-
induced inflammation. 
 Probiotic treatments, especially those involving Sh. 
algae and B. thuringiensis, also appeared to lower cortisol 
levels (Rollo et al. 2006; Wuertz et al. 2021), a stress 
hormone known to suppress lymphocyte production (Davis 
et al. 2008). Reduced lymphocyte counts (Sîrbu et al. 2022) 
in probiotic-treated fish might reflect a balance between 
immune activation and regulation, preventing excessive 
inflammatory responses that could impair growth and health. 
 Additionally, probiotics could also enhance the 
innate immune system by stimulating cellular 
components such as neutrophils and macrophages (Nayak 
2010; Adejumo et al. 2023), which would migrate to 
infection sites to carry out phagocytosis (Fachri et al. 
2024). This mechanism aligned with the dual role of 
probiotics in activating the innate immune system and 
priming adaptive immunity through antigen presentation 
and antibody production (Zhang et al. 2024). 

 The feed conversion ratio (FCR) is a critical metric for 

evaluating feeding efficiency in aquaculture. Lower FCR 

values indicated better conversion of feed into biomass. In 

this study, fish treated with mixed probiotics demonstrated 

lower FCR values compared to controls, suggesting 

enhanced feed utilization (El-Saadony et al. 2021; Torres-

Maravilla et al. 2024). The ability of probiotics to improve 

gut microbiota composition and enzymatic activity likely 

contributed to this efficiency (Balcázar et al. 2006; Yi et al. 

2020; El-Saadony et al. 2021). 
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 Interestingly, fish treated with mixed probiotics were 

also observed to achieve comparable or superior growth 

rates despite consuming less feed than those treated with a 

single probiotic and controls. This highlights the potential 

cost-saving benefits of probiotic supplementation in 

aquaculture, as reduced feed consumption could lower 

production costs without compromising growth. 

 Despite pathogen exposure, no fish mortality was 

observed throughout the study period. This could be 

attributed to the robust health status of the fish as well as 

the protective effects of probiotics. Probiotic treatments, 

particularly those involving Ent. cloacae and B. 

thuringiensis, could enhance survival by improving gut 

health (Girijakumari et al. 2018) and reducing pathogen 

colonization (Dhayalan et al. 2025). The production of 

antimicrobial compounds by probiotics (Girijakumari et al. 

2018; Fijan 2023) likely inhibited pathogen growth, 

minimising the severity of infections. However, some fish 

in pathogen-challenged treatments exhibited signs of 

Motile Aeromonas Septicemia (MAS), such as tail rot and 

skin necrosis. These symptoms emphasize the virulence of 

A. hydrophila and the need for vigorous integrated disease 

management strategies in aquaculture facilities including 

the use of prebiotics and vaccines. 

 

Conclusion  

This study highlighted the many benefits of probiotics 

in aquaculture, demonstrating their potential to enhance 

growth, feed efficiency, immune modulation, and pathogen 

resistance in tilapia. The use of combined probiotics such 

as Sh. algae, E. cloacae, and B. thuringiensis, could 

improve nutrient absorption, reduced FCR, and support 

fish resistance towards a pathogen. Probiotics could 

promote gut health through enzymatic activity, balanced 

immune response, and suppression of pathogen 

colonisation. Despite no mortality were seen in pathogen-

challenged fish, symptoms like tail rot and skin necrosis 

were present, and this emphasizes the need for a more 

vigorous integrated management strategy in aquaculture. 

Notably, marine-origin probiotics like Sh. algae 

demonstrated beneficial to freshwater fish, suggesting its 

application for cross-environments. Future research should 

focus on optimising probiotic combinations and exploring 

their long-term effects on stress reduction. Overall, the use 

of probiotics presents a promising, cost-effective solution 

for improving aquaculture productivity and fish welfare 

while reducing reliance on antibiotics and chemicals. 
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