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Abstract 
 

Azolla pinnata, a fast-growing aquatic fern rich in protein and bioactive compounds, 
has emerged as a sustainable alternative to conventional feed additives in 
aquaculture. This study evaluated the immunomodulatory and protective effects of 
dietary Azolla (20% inclusion) compared to the antibiotic florfenicol in Nile tilapia 
(Oreochromis niloticus) experimentally infected with Pseudomonas spp. A total of 150 
fish were randomly assigned to five groups: control (basal diet), Azolla-only, 
florfenicol-only, infected with Pseudomonas spp. and treated with florfenicol, and 
infected and treated with Azolla. Key parameters assessed included growth 
performance, biochemical indices (total protein, albumin, globulin), antioxidant 
enzymes (catalase, superoxide dismutase, glutathione peroxidase), and immune 
markers (myeloperoxidase, ACH50, lysozyme activity). Infection significantly impaired 
protein metabolism, antioxidant defenses, and immune function. Both Azolla and 
florfenicol improved these parameters, with Azolla showing comparable or superior 
effects in enhancing antioxidant activity and immune response. Additionally, Azolla 
cultivation within rearing ponds improved water quality, contributing to better overall 
fish health and resilience. The findings suggest that Azolla pinnata at 20% dietary 
inclusion is a cost-effective, eco-friendly strategy for enhancing immunity and 
mitigating bacterial infections in Nile tilapia, offering a promising alternative to 
antibiotics in sustainable aquaculture practices.  
 

Introduction 
 

In 2022, the estimated global aquaculture 
production exceeded 130 million tones, which supports 
the concept that aquaculture is a crucial player in the 
food security (FAO, 2024). Egypt, a main producer 
worldwide, leads the aquaculture production in Africa, 
while tilapia is the chief cultivated species. Yet, the 
sustainability of this industry is endangered due to the 
raised risk of diseases occurrence in response to climate 
changes and the need for intensification. Concurrently, 

the overgrowth of drug resistance issues has directed 
the scientists to find a sustainable alternate for 
antibiotics.   

According to Darak and Barde (2015), 
Pseudomonas fluorescens (P. fluorescens) is a 
rod‑shaped, Gram‑negative, motile bacterium 
characterized by polar flagella and its ability to produce 
the fluorescent pigment fluorescein. This 
microorganism is widely distributed in soil, water, 
plants, and animals, and it grows optimally at 25–30°C. 
Moreover, P. fluorescens is considered a common 
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opportunistic pathogen in aquaculture, causing P. 
fluorescens in both freshwater and marine fish species, 
as well as invertebrates such as shrimp. In tilapia, P. 
fluorescens typically manifests as body ulcerations, 
septicemia, petechial hemorrhages, darkened skin, 
detached scales, abdominal ascites, and exophthalmia, 
all of which contribute to substantial economic losses in 
aquaculture systems. (Zhang et al., 2009). Diseased 
tilapia also shows exophthalmia with several 
histopathological lesions in liver, kidney, and gills 
(Magdy et al., 2014).  

Aquaculture producers relay on antibiotics for 
treating the bacterial infections. The wide spread of 
multidrug resistant bacteria has emerged the need to 
develop new techniques to tolerate this problem. In 
response, many they have improved their control 
practices and therapeutic approaches to withstand 
diseases outbreaks better. The proposed therapeutic 
approaches in response to the rise in drug resistance 
include immunostimulants, probiotics, prebiotics, and 
herbal extracts.  

Azolla, commonly referred to as aquatic fern, is a 
free‑floating water plant widely distributed across 
tropical and subtropical regions (Farahpour‑Haghani et 
al., 2017). Among its species, Azolla caroliniana is 
particularly valued for its high nutritional profile. In 
addition to producing substantial amounts of protein in 
its leaves, Azolla is capable of fixing atmospheric 
nitrogen and improving water quality (Azab and Soror, 
2020). Azolla meal provides a broad spectrum of 
nutrients, including vitamins, minerals, proteins, and 
essential amino acids (Azhar et al., 2018; Mosha, 2018). 
Moreover, its bioactive compounds—such as phenols, 
carotenoids, flavonoids, and tannins—are associated 
with antioxidant and immunostimulatory activities 
(Hassan et al., 2020). 

Several studies have demonstrated that partial or 
complete replacement of conventional plant protein 
sources with Azolla meal does not negatively affect fish 
performance (Magouz et al., 2020; Mosha et al., 2020). 
Recent findings indicate that dietary inclusion levels of 
20–25% Azolla meal maintain optimal growth, feed 
efficiency, immune response, and overall health in fish 
(Magouz et al., 2020). However, no studies have 
investigated the use of dietary Azolla as a functional 
feed additive for Nile tilapia reared under biofloc 
conditions. Therefore, the present study aimed to 
evaluate whether supplementing Nile tilapia diets with 
varying levels of Azolla extract (AQF) could enhance 
growth performance, immune parameters, and 
resistance to P. fluorescens infection  Compared to 
wheat bran, maize, offal, etc., A. pinnata seems to be a 
decent source of protein because it has nearly all of the 
essential amino acids (Cherryl et al., 1994). 

On a dry matter basis, the plant species' crude 
protein content normally falls between 25% and 30% 
under optimal growing conditions (Basak et al., 2002). In 
the natural environment, protein concentrations 
typically range from 20% to 22%. Because of this, the 

protein content of A. pinnata is either higher than or on 
par with that of most other aquatic macrophytes. This 
plant is naturally abundant in iron, calcium, magnesium, 
potassium, phosphorus, manganese, and other 
minerals, as well as substantial levels of vitamin A, 
precursor beta-carotene, and vitamin B12 (Anitha et al., 
2016). 

The main aim of this study is to assess the 
availability of Azolla extract supplement to improve the 
growth performance and the hematological and 
immunological parameters in Nile tilapia. In addition, 
the in vitro effect of Azolla extract on P. flourescens as 
well as the disease resistance in Nile tilapia challenged 
pseudomoniasis. 

 
Material and Methods 
 
Fish Material 

 
A total of 150 apparently healthy male Nile tilapia 

(Oreochromis niloticus) weighing 30±3 g were collected 
from an earthen fish farm at the Central Laboratory for 
Aquaculture Research, Abbassa, Sharkia Province, 
Egypt. Fish were transported alive to the wet laboratory 
of the Animal Health Research Institute (Zagazig branch) 
in aerated polyethylene bags. Upon arrival, fish were 
acclimated for two weeks in glass aquaria 
(100×40×40 cm; 100 L effective volume). Each 
experimental group consisted of three replicates, with 
10 fish per replicate. Continuous aeration was provided 
using electric air pumps, and water temperature was 
maintained at 26°C under natural photoperiod 
conditions. Water quality parameters were kept within 
optimal ranges: dissolved oxygen 6.5±0.5 mg/L, pH 
7.1±0.8, ammonia 0.003 mg/L, nitrate 0.31 mg/L, and 
nitrite 0.42 mg/L. Water was partially renewed by 30% 
every 48 hours, and waste was removed daily by 
siphoning. During acclimation, fish were fed a basal diet 
containing 30% crude protein at 4% of body weight 
twice daily. 

 
Cultivation of Azolla pinnata 

 
Fresh A. pinnata was obtained from the Agriculture 

Research Center and cultivated in concrete ponds (5 m 
× 2.5 m × 1 m). After cleaning and draining, ponds were 
filled with freshwater to a depth of 30 cm. Growth was 
enhanced by adding 1 kg of chicken manure weekly. 
Ponds were maintained at 24–28°C under natural 
sunlight. Every 14 days, Azolla biomass was harvested 
using a scoop net, thoroughly washed with freshwater 
to remove debris, air‑dried, ground into fine powder, 
and sieved through a 2 mm mesh. 

 
Water Quality   

 
Water quality parameters were evaluated at the 

start and end of the experiment to investigate the effect 
of Azolla cultivation on pond water. Temperature, pH, 
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and dissolved oxygen (DO) were measured in situ using 
a portable multi-parameter meter (HANNA Instruments, 
USA). Nitrogenous compounds, including ammonia 
(NH₃), nitrite (NO₂⁻), and nitrate (NO₃⁻), were 
determined spectrophotometrically according to the 
standard methods of APHA (2017) 

 
Preparation of Extraction Azolla 

 
After being sieved through a 2 mm sieve, Azolla 

was extracted using a 97.5: 2.5 v/v ethanol and water 
mixture. 5g of the powder was combined with 200 ml of 
the extraction solution, shaken for 24 hours on a rotary 
shaker, and then filtered through Whatman No. 1 filter 
paper. A rotary evaporator was used to dry the filtered 
extract at 40°C with lowered pressure. The aqueous 
Azolla extract (AAE) stock solution (0.1%) was made by 
dissolving the dried powder in distilled water. After that, 
the ready-to-use extract was kept in a dark bottle at 
- 20°C. 

 
Bacterial Strain 

 
Pseudomonas fluorescens was obtained from the 

Department of Fish Diseases, Animal Health Research 
Institute (AHRI), Dokki, Giza, Egypt. The strain had been 
previously isolated from naturally infected O. niloticus 
and identified based on its biochemical characteristics 
and pathogenicity profile. 

 
Antibiotic Sensitivity Test 

 
The antibiotic susceptibility of P. fluorescens was 

evaluated using the disc diffusion method according to 
CLSI (2023). The isolate was grown in tryptic soy broth 
(TSB) and incubated at 26°C for 12 h. The culture 
turbidity was adjusted to 0.5 McFarland, and the 
inoculum was spread onto tryptic soy agar (TSA) plates. 
Commercial Antibiotic Discs (HiMedia) were applied: 
Florfenicol (30 µg), trimethoprim–sulfamethoxazole 
(25 µg), erythromycin (15 µg), oxytetracycline (30 µg), 
enrofloxacin (5 µg), and amoxicillin (10 µg). 

Plates were incubated at 26°C for 24 h, and 
inhibition zones were measured to determine 
sensitivity. 

 
In Vitro Activity of Azolla Aqueous Extract (AAE) 

 
A spread‑plate culture of P. fluorescens was 

prepared on TSA. Approximately 10 µL of AAE was 
applied to the plate surface and incubated overnight at 
26°C. The inhibition zone diameter was measured to 
assess antibacterial activity. 

 
Agar‑well Diffusion Assay 
 

Fresh overnight colonies were suspended in 
Mueller–Hinton broth (MHB) and adjusted to 0.5 
McFarland. The inoculum was mixed with molten 

Mueller–Hinton agar (45°C) and poured into Petri 
dishes. After solidification, 6‑mm wells were made using 
a sterile borer. Each well was filled with 50 µL of Azolla 
extract. Plates were left at room temperature for 2 h to 
allow diffusion, then incubated at 37°C for 24 h. 
Inhibition zones were recorded in millimeters. 

 
Minimum Inhibitory Concentration (MIC) 

 
The MIC of Azolla extract against P. fluorescens was 

determined using the broth macrodilution method 
described by Mohotti et al. (2020). Serial dilutions of the 
extract were prepared in Mueller–Hinton broth (MHB) 
to obtain concentrations ranging from 1025 to 2 µg/mL. 
Bacterial inocula were adjusted to 5×10⁵ CFU/mL and 
added to each tube. Tubes were incubated overnight, 
and bacterial growth was assessed visually by turbidity. 
The MIC was defined as the lowest concentration of the 
extract that completely inhibited visible bacterial 
growth. 

 
Experimental Diet 

 
Two experimental diets containing 30% crude 

protein were formulated (Table 1): 
 
•  Diet 1: basal diet (control) 
•  Diet 2: diet containing 20% Azolla meal 
 
All dry ingredients were finely ground and mixed 

mechanically. Vitamin and mineral premixes were 
blended with the oil sources and added to the dry 
mixture. Warm distilled water (150 mL/kg diet) was 
added to form a moist dough, which was then pelleted 
using a 2‑mm die. Pellets were dried in a ventilated oven 
at 40°C until moisture content was below 100 g/kg and 
stored at −20°C until use. 

Chemical composition of the diets was analyzed in 
triplicate following AOAC (1990) procedures. Crude 
protein was determined using the micro‑Kjeldahl 
method (AOAC 962.09), crude fat using the Soxhlet 
apparatus, and crude fiber using standard AOAC 
methods. Ash content was measured by incinerating 
100 g of diet at 550°C for 3 h. Dry matter was 
determined by oven‑drying 100 g of diet at 105°C until 
constant. 

 
Experimental Design 

 
The power analysis used to support the sample size 

was determined using G*Power 3.1.9.7 software, with a 
total sample size of 150 and an alpha of 0.05, while the 
effect 0.4 was the size. The power generated was 0.99.  

Fish were allocated into 5 groups (30 fish/group in 
three replicates) as following: Group1 (G1), group2 (G2), 
group3 (G3), group4 (G4), and group5 (G5). The fish 
weight was recorded individually. 

G2 and G3 were fed on the diet1 while, G3 and G5 
were fed with diet2 (200g Azolla /kg). The diet of group 
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4 (G4) was the basal supplemented with 15mg 
florfenicol during diet preparation 

One hour after each feeding time, the uneaten 
feed from each aquarium was syphoned separately, 
dried at 40°C, and the weight was subtracted from the 
supplied quantity. The feeding trial was extended for 
eight weeks following the same regime of the 
adaptation period.  

 
Trial of Challenge 

 
Tryptic soy broth (Oxoid, England) was used to 

inoculate the virulent bacterium for 24 hours at 26°C. 
The turbidity was then adjusted to 1X108 cells/ml by 
comparing it to the 0.5 McFarland standard. Finally, the 
inoculated broth was diluted with sterile tryptic soy 
broth to obtain a dose of 3x107 cells/ml. Helber was 
then used to hand count the germs.  

Before the completion of the growth performance 
trial by one week, each group was moved into 
anesthetic aquaria containing 100 mg/L MS222 buffered 
tricane-methane sulfonate (E10521-10G; Sigma-
Aldrich). Two groups' fish received an intraperitoneal 
(IP) injection of 0.5 ml of sterile tryptic soy broth, while 
the other groups' fish received an injection of 0.5 ml of 
the produced tryptic soy broth culture of P. florescens 
to cause infection. Each group's growth performance 
and survivorship were assessed at the conclusion of the 
trial. 

 
Growth Performance and Feed Utilization Indices 

 
At the end of the test, the fish weights of each 

group (with copies) were written down, and the feed 
intake (FI) was found. The following growth success 
factors were found: 

Gain in weight (WG) (g)= Difference between starting 
and ending body weights (g) 

 
Factor of conversion (FCR)= amount of food eaten (g) 

divided by weight gain (g) 
 

Specific growth rate (SGR,%)= 100 × (last weight in 
grammes – first weight in grammes) / days of the study 

 
The number of fish that made it through was also 

counted, and the fish's ability to survive was found to 
be:  

 
The surviving rate is % = (number of completed fish / 

number of completed fish) x 100. 
 

Sampling 
 

After going without food for 24 hours, ten fish from 
each group were put to sleep for five minutes. There 
were two types of tubes used: one with 1 mL of pure 
fluid and 0.2 mL of EDTA for estimating hematological 
parameters, and the other with dry, clean centrifuge 
tubes for separating serum. After that, the tubes were 
left at room temperature for 15 minutes. After that, they 
were spun at 3000 rpm for 10 minutes. 

 
Reisolation and Identification of P. fluroscen  

 
Challenged fish was performed using standard 

bacteriological procedures. Samples from the gills, liver, 
kidneys, brain, and spleen were aseptically collected and 
inoculated into trypticase soy broth, followed by aerobic 
incubation at 37°C for 24 hours. A loopful of the 
enriched broth was streaked onto nutrient agar and 
Pseudomonas agar supplemented with cetrimide, then 
incubated aerobically at 37°C for 24–48 hours. 

Table 1. Composition of experimental diets 

Ingredients (g) Diet1 Diet2 
Ground corn 20.3 20.3 
Fish meal (70 % CP) 10.0 10.0 
Soybean meal (44 % CP) 43.0 39.5 
Azolla pinnita (21 % CP) 0 20 
Wheat bran 15.5 0 
Starch 4.0 4.0 
Corn oil 1.9 1.9 
Cod fish oil 2.3 2.3 
Minerals Premix2 2.0 1.0 
Vitamins premix1 1.0 1.0 
Total  100 100 
Dry matter 91.1 91.1 
Crude protein 30. 30.0 
Total ash 8.20 9.20 
Crude fiber 4.8 5.9 
Gross energy (Kcal/100 g) 447.8 445.9 

1Vitamin premix (per kg of premix): thiamine, 2.5 g; riboflavin, 2.5 g; pyridoxine, 2.0 g; inositol, 100.0 g; biotin, 0.3 g; pantothenic acid,100.0 g; folic acid, 0.75 
g; para-aminobenzoic acid, 2.5 g; choline, 200.0 g; nicotinic acid, 10.0 g; cyanocobalamine, 0.005 g; α-tocopherol acetate, 20.1 g; menadione, 2.0 g; retinol 
palmitate, 100,000 IU; cholecalciferol, 500,000 IU. 
2Mineral premix (per kg of premix): CaHPO4.2H2O, 727.2 g; MgCO3.7H2O, 127.5 g; KCl 50.0 g; NaCl, 60.0 g; FeC6H5O7.3H2O, 25.0 g; ZnCO3, 5.5 g; 
MnCl2.4H2O, 2.5 g; CuCl2, 0.785 g; CoCl36H2O, 0.477 g; CaIO3.6H2O, 0.295 g; CrCl3.6H2O, 0.128 g; AlCl3.6H2O, 0.54 g; Na2SeO3, 0.3 g. 
Nitrogen free extract (NFE)= 100 – (protein %+ lipid %+ total ash %+ crude fiber %) 
Gross energy was calculated according to NRC (1993) as 5.65, 9.45, and 4.11 kcal/g for protein, lipid, and carbohydrates, respectivel. 
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The developing colonies were purified to obtain 
single, distinct isolates. All recovered isolates were 
identified based on their cultural, morphological, and 
biochemical characteristics according to the criteria 
described by Austin and Austin (2007). 

Hematology: We used a hemocytometer to count 
red blood cells (RBCs) and white blood cells (WBCs) after 
diluting them with Natt and Herrick's solution. We then 
used Schalm's (1986) method to find the difference 
leucocyte counts. Using the cyanmethemoglobin 
method (Drubkin 1964), the blood hemoglobin was 
measured spectrophotometrically at 540 nm. 

Phagocytic % and phagocytic index: To test 
phagocytosis, the number of macrophages that had 
yeast cells inside them was found in a random sample of 
300 macrophages and shown as a percentage of their 
phagocytic activity. Based on Jensch-Junior et al. (2006), 
the following formulae will be used to figure out the 
phagocytosis assay: 

 
Phagocytic activity= number of macrophages with 

yeast / total amount of macrophages ×100 
 

Phagocytic index= number of yeast cells eaten / 
number of cells that can eat. 

 
Biochemical Parameters 

 
Biochemical parameters were determined using 

standard procedures and commercially available 
diagnostic kits. Serum activities of aspartate 
aminotransferase (AST) and alanine aminotransferase 
(ALT) were measured spectrophotometrically according 
to the methods of Young et al. (2001) and Persijn et al. 
(1976), using kits supplied by Biomed Diagnostics 
(Egypt). Alkaline phosphatase (ALP) activity was 
assessed following the method of Wenger et al. (1984). 
Total protein (TP) and albumin (ALB) concentrations 
were determined according to Burtis et al. (1999), and 
globulin (GLOB) levels were calculated by subtracting 
albumin from total protein as described by Busher 
(1990). 

Renal function indicators were evaluated using 
standard colorimetric techniques. Serum creatinine was 
measured following Murray et al. (1984), urea 
concentration was determined according to Kaplan 
(1984), and uric acid levels were assessed using the 
enzymatic method of Fossati et al. (1980). 

Antioxidant enzyme activities were analyzed to 
assess oxidative stress status. Superoxide dismutase 

(SOD) activity was measured using both an ELISA kit 
(Catalogue No. CSB‑E08555r, Cusabio Biotech, China) 
and the NADH oxidation method of Paoletti and Mocali 
(1990). Catalase (CAT) activity was determined 
according to Xu et al. (1997), while glutathione 
peroxidase (GPx) activity was measured following the 
method of Paglia and Valentine (1967). Immune‑related 
biomarkers were also assessed using commercial ELISA 
kits, including acetylcholine (ACH), myeloperoxidase 
(MPO), and lysozyme (muramidase), with the lysozyme 
kit catalogued as MBS725718 (CSB‑E08722r). 

 

Statistics 
 
The results were looked at analytically with the 

One-Way Analysis of Variance (ANOVA) test. The 
Duncan test was done on the data that had been shown 
in SPSS 14.0 as mean±standard error (SE). The level of 
statistical significance was set at P<0.05. 

 

Results 
 

Water quality parameters presented in Table 2 
showed a clear improvement in ponds supplemented 
with Azolla pinnata compared with the control group. 
Dissolved oxygen levels were significantly higher, while 
ammonia, nitrite, and nitrate concentrations were 
markedly reduced (P<0.05). The pH values remained 
stable and within the optimal range for Nile tilapia 
culture. These results indicate that the presence of 
Azolla contributed to enhanced water quality by 
improving oxygen availability and reducing the 
accumulation of nitrogenous wastes 

The growth performance and feed utilization data 
presented in Table 3 showed that fish in the second 
group exhibited the highest weight gain and specific 
growth rate, together with the lowest feed conversion 
ratio. No significant differences were detected among 
groups 1, 3, and 4, while group 5 recorded the poorest 
performance, reflected by the highest FCR and the 
lowest WG and SGR values. Regarding survivability, all 
groups achieved a 100 percent survival rate except 
group 5, which showed a mortality rate of 26.7 percent. 

The antimicrobial activity of Azolla extract was 
confirmed through the agar well diffusion assay. The 
extract produced an inhibition zone of 14 mm against P. 
fluorescens, and the MIC value was 256 µg/mL, 
indicating measurable antibacterial activity. As shown in 
Table 4 and Figure 1, the re‑isolation rate of P. 
fluorescens from the surviving fish after challenge was 

Table 2. Quality of water 

Parameter Control ponds Azolla ponds 
Dissolved oxygen 5.2±0.3 6.8±0.4 
PH 7.4±0.2 7.5±0.3 
Ammonia (mg/l) 0.82±0.05 0.41±0.03 
Nitrite(mg/l) 0.32±0.02 0.15±0.01 
Nitrate(mg/l) 1.21±0.08 0.73±0.05 

Azolla cultivation significantly enhanced water quality by elevating dissolved oxygen and lowering ammonia, nitrite, and nitrate 
levels, while temperature and pH remained stable across treatments (P<0.05). 
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markedly reduced in the groups fed Azolla extract 
compared with the control group. 

Table 5 demonstrated that infection with P. 
fluorescens caused a significant reduction in red blood 
cell count, hemoglobin concentration, and hematocrit 
percentage compared with the control and treated 
groups. The infected fish exhibited increased MCV and 
decreased MCH and MCHC, indicating macrocytic 
hypochromic anemia. Both florfenicol and Azolla 
treatments significantly improved RBCs, Hb, and Hct 
values relative to the infected untreated group, 
although the values remained lower than the control. 
Fish receiving Azolla showed greater improvement than 
those treated with florfenicol. 

The leukogram data in Table 6 revealed significant 
increases in total and differential leukocyte counts in the 
infected untreated group compared with the control. 
Treated groups showed lower leukocyte values than the 

infected group but remained higher than the control and 
the Azolla‑treated non‑infected group, indicating a 
moderated inflammatory response. 

Table 7 showed that all treated groups exhibited 
significant increases in phagocytic activity and 
phagocytic index compared with the control group. The 
highest values were recorded in group 5, which received 
Azolla supplementation, indicating enhanced innate 
immune activity. 

The biochemical results in Table 8 indicated that 
infection with Pseudomonas spp. significantly elevated 
serum ALT, AST, and ALP levels compared with the 
negative control. Both Azolla and florfenicol treatments 
significantly reduced these elevations. Serum protein 
parameters, including albumin, globulin, and total 
protein, were significantly decreased in the infected 
group, while both treatments improved these values, 
with Azolla showing a more pronounced restorative 

Table 3. Growth performance and survival rate of Nile Tilapia fed Azolla and experimentally infected with P. flourescense  

 Group1 Group2 Group3 Group4 Group5 

Initial weight (g) 35.20±1.99 35.4±2.14 35.7±2.13 35.6±2.42 35.8±2.17 
Final weight (g) 67.50±3.85 72.2±4.21 68.2±4.02 65.7±3.07 60.7±4.97 

Weight gain (g) 32.3±1.76 36.8±2.38 32.5±2.23 30.10±0.60 24.9±3.19 
FCR 2.38±0.11 2.09±0.02 2.37±0.52 2.56±0.14 2.89±0.17 
SGR 
Survival rate % 

57.67±0.42 
100 

65.71±0.54 
100 

58.03±0.52 
100 

53.75±0.86 
100 

44.46±1.47 
73.33 

FCR= Feed conversion ratio, SGR = Specific growth rate.  
 
 
 

Table 4. The re-isolation of P.fluroscens, after experimental challenge 

Groups Treatment No. of positive samples % of positive samples 

1 Treated with antibiotic 4/3 75% 
2 Posiive control 4/4 100% 
3 Infected and treated with azolla 1/4 25% 
4 Treated with azolla and non infected 1/4 25% 

 
 
 

 

Figure 1. Reisolation of P. fluroscens from challenge groups on Pseudomonas agar. 
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effect. Kidney function markers, including urea, 
creatinine, and uric acid, were significantly increased in 
infected fish, whereas Azolla supplementation and 
antibiotic treatment significantly reduced these 
alterations, with Azolla demonstrating stronger 
nephroprotective effects. 

The antioxidant and immune‑related parameters 
shown in Table 9 revealed significant suppression of 
SOD, CAT, and GPx activities in infected fish, 
accompanied by significant elevations in MPO, Ach50, 
and lysozyme levels. Both Azolla and florfenicol 
treatments restored these parameters toward normal 
values. Notably, Azolla treatment produced superior 
enhancement of immune‑related markers compared 
with the antibiotic group, indicating its strong 
immunostimulatory potential. 

Discussion 
 

Aquaculture plays a significant role in world food 
security especially in developing countries. Azolla 
perform a sustainable and cheap source for plant 
protein. Our results showed that azolla, successfully, 
could replace the whole wheat bran and a small part of 
soy bean meal in the diet of N. tilapia (G2) with 
significant improvements in the growth performance 
and feed utilization indices. These results come in 
agreement with the results of Ismail et al. (2022), Refaey 
et al. (2023), Sallam at al. (2024), and Abu-Zahra et al. 
(2025) who declared that inclusion of Azolla in the diet 
of N. tilapia is possible with significant improvements in 
the growth performance. The improved growth indices 
in N. tilapia fed on azolla may be attributed to the 

Table 5. Erythrogram of Nile tilapia (O. niloticus) infected with P. fluorescence, and treated with florfenicol, and Azolla. 

Group Parameters Group 1Control Group 2Azolla Group 3Infected control Group 4p+antibiotic Group 5p.+Azolla 

RBCs X 10^6/cmm 2.72a±0.11 2.74a±0.14 1.59c±0.08 2.06b±0.14 2.28b±0.10 
Hb g/dl 5.64a±0.12 5.81a±0.17 2.68c±0.19 4.62b±0.21 5.08b±0.18 
PCV % 26.38a±0.28 26.46a±0.31 21.28c±0.34 24.66b±0.31 25.16b±0.25 
MCV Fl 96.98d±2.34 96.57d±2.21 133.84a±2.14 119.71b±2.06 110.35c±1.88 
MCH Pg 20.74a±0.58 21.20a±0.47 16.86b±0.38 22.43a±0.54 22.28a±0.52 
MCHC g/dl 21.38ab±0.46 21.96a±0.41 12.59d±0.34 18.73c±0.29 20.19b±0.33 

 
 
 

Table 6. Leukogram of Nile tilapia (O. niloticus) infected with P. fluorescence and treated with florfenicol and Azolla 

Group Parameters Group 1 Control Group 2 Azolla 
Group 3 Infected 

control 
Group 4 

p.+antibiotic 
Group 5 p.+Azolla 

WBCs X10^3/cmm 12.45c±0.38 13.04c±0.41 20.60a±0.57 16.50b±0.44 16.97b±0.46 
Lymphocytes X10^3/cmm 3.41c±0.09 3.68c±0.11 5.92a±0.14 4.56b±0.08 4.71b±0.09 
Neutrophils %X10^3/cmm 6.48c±0.21 6.65c±0.28 11.14a±0.34 8.84b±0.23 8.98b±0.19 
Monocytes X10^3/cmm 1.58c±0.06 1.66c±0.07 2.14a±0.04 1.93b±0.05 2.04ab±0.08 
Eosinophils X10^3/cmm 0.72b±0.08 0.76b±0.06 1.06a±0.05 0.87b±0.04 0.93ab±0.07 
Basophils X10^3/cmm 0.26b±0.02 0.29b±0.02 0.34a±0.01 0.30b±0.02 0.31b±0.03 

*Values are the means with a standard error of 5 units. Means that start with a different small letter in the same row are very different (P<0.05).  
 
 
 

Table 7. Phagocytic % and phagocytic index of Nile tilapia (O. niloticus) infected with P. fluorescence and treated with florfenicol and Azolla 

Group Parameters Group 1 Control Group 2 Azolla Group 3 Infected control Group 4 p.+antibiotic Group 5 p.+Azolla 

Phagocytic % 45.16e±0.71 48.32d±0.54 57.62b±0.48 53.28c±0.66 61.04a±0.53 
Phagocytic index 2.24e±0.12 2.87d±0.13 3.98b±0.12 3.44c±0.11 4.56a±0.14 

*Values are means±standard error (n= 5). Means with different small letters in the same row differ significantly (P<0.05).  
 
 
 

Table 8. Effects of Azolla, florfenicol and their combinations on liver and kidney functions serum biochemical parameters in Nile tilapia experimentally 
infected with Pseudomonas spp.  

Group Parameters Control Group1 Azolla only Group 2 Infected control Group3 p+azola Group 4 p.+antibiotic 

Alt u/l 12.15d±0.87 11.65d±0.36 18.66a±0.40 14.86c±0.61 17.39b±0.41 
Alk u/l 12.23c±0.28 11.47cd±0.39 16.38a±0.13 15.20b±0.28 14.78b±0.19 
Ast u/l 92.190c±2.35 91.76c±0.94 116.74a±1.25 104.26b±0.71 111.84a±0.49 
ALB (g/dl) 1.58b±0.01 2.338a±0.03 1.02e±0.05 1.39c±0.03 1.27d±0.02 
GLOB (g/dl) 1.56a ±0.05 1.48b±0.01 0.620e±0.04 1.342c±.0.03 0.86d±0.01 
Tp (g/dl) 3.32b±0.19 3.82a±0.10 1.64d±0.12 2.70c±0.07 2.32c±0.08 
Urea (mg/dl) 0.90c±0.009 0.89c±0.01 2.30a±0.13 1.29b±0.05 1.43b±0.05 
Creatinine (mg/dl) 0.35d±0.03 0.39d±0.02 0.77a±0.01 0.45c±0.01 0.60b±0.05 
Uric acid (mg/dl) 0.80cd±0.030 0.75d±0.04 1.25a±0.08 0.95bc±0.01 0.98b±0.01 

*Values are the means with a standard error of 5 units. Means that start with a different small letter in the same row are very different (P<0.05).  
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essential amino acids contents of Azolla that surpass 
their counter parts in some plant sources used in aquatic 
diet (Tran G., 2015). Moreover, inclusion of azolla in the 
diet of N. tilapia increased the intestinal chymotrypsin, 
trypsin, lipase, amylase, and protease activity levels with 
an improvement in the villi height, width, and surface 
area as well as goblet cell (Ismail et al., 2022; Refaey et 
al., 2023; Abu-Zahra et al., 2025) 

The present study revealed that the inclusion of 
azolla in aquaculture diet enhanced the survivability of 
N. Tilapia during P. flourescens infection. This finding is 
supported by the results of Ismail et al. (2022), 
Lumsangkul et al. (202), and Abu-Zahra et al. (2025) who 
found that inclusion of azolla in diet of N. Tilapia during 
experimental challenge with Aeromonas, 
Streptococcus, and P. aeruginosa respectively. The 
elevated the immune responses and survival rate in the 
groups fed on azolla-containing diets may be due to the 
role of its natural antioxidants such as carotenoids, 
flavonoids, tannins, and vitamins as well as lysine that 
act as and immunostimulants (Abdallah et al., 2022). 
Moreover, inclusion of Azolla in aquaculture diet could 
increase short-chain fatty acid (e.g., propionate, 
acetate, and butyrate) (Brouwer et al., 2019) that could 
post fish immune response through antimicrobial 
Program in Macrophages (Schulthess et al., 2019; Kim, 
2021). 

The present findings highlight the dual role of 
Azolla as both a nutritional and ecological enhancer. The 
significant reduction in nitrogenous wastes (NH₃, NO₂⁻, 
NO₃⁻) together with improved DO levels can be 
attributed to the phytoremediation ability of Azolla, as 
it actively absorbs nitrogen compounds and increases 
oxygen release through photosynthesis. Similar 
outcomes have been reported in aquaculture systems 
where Azolla reduced toxic metabolites and stabilized 
pond water quality (Leterme et al., 2010; Becerra et al., 
2019). Therefore, integrating Azolla in tilapia culture 
systems not only promotes fish health through dietary 
supplementation but also maintains a more favorable 
aquatic environment.” 

Demonstrated Azolla pinnata extract exhibited 
antibacterial activity against Pseudomonas fluorescens, 
with a 14 mm inhibition zone and an MIC value of 256 
µg/mL, indicating moderate efficacy. This activity may 
be attributed to bioactive compounds such as 
flavonoids, tannins, and alkaloids that interfere with 
bacterial cell wall synthesis and enzyme function (Sah et 

al., 2022; Li et al., 2023). Similar inhibition patterns were 
previously reported for Azolla extracts against aquatic 
pathogens (Aeromonas hydrophila, E. coli) (Yadav et al., 
2021; Ahmed et al., 2020). Re-isolation data confirmed 
the in vivo effectiveness of Azolla supplementation, as 
P. fluorescens recovery from challenged tilapia 
decreased markedly in Azolla-treated groups (25%) 
compared with the positive control (100%). This 
suggests that Azolla enhances host immunity and 
reduces bacterial colonization, likely through its 
antioxidant and immunostimulant properties (El-Sayed 
et al., 2022; Dhanasekaran et al., 2023). These findings 
align with reports indicating that plant-based additives 
improve fish resistance by boosting lysozyme activity, 
phagocytosis, and intestinal health (Bakhoum et al., 
2024). Hence, Azolla pinnata represents a sustainable, 
eco-friendly alternative to synthetic antibiotics such as 
florfenicol, contributing to reduced antimicrobial 
resistance risks in aquaculture (FAO, 2024). 

Pseudomonas species, which are known to cause 
anemia, may be connected to the decrease in 
hemoglobin and hematocrit levels in infected fish. 
Damage to hematopoietic organs and impaired red 
blood cell production may be the cause of this reaction 
(Omoregie, 1998; Nannu et al., 2015). This is consistent 
with findings by Haney (1992), who found that 
numerous fish infected with bacterial diseases 
Pseudomonas and Aeromonas had lower hemoglobin 
and hematocrit levels. The hematological changes seen 
in this research are consistent with the findings of Podeti 
and Benarjee (2017), who found that freshwater mussel 
fish with Pseudomonas infection had lower hemoglobin 
concentrations and RBC counts. Anemia is indicated by 
low hemoglobin and red blood cell counts. The findings 
were ascribed to Pseudomonas infections, which caused 
red blood cell death and hence reduced the quantity of 
red blood cells in fish blood. These findings are 
consistent with those of Fernandez et al. (2003), who 
reported that the pseudomonas creates a substance 
that reduces the quantity and Hb content of RBCs while 
causing their lysis and death.  

The MCH and MCHC levels were reduced in fish 
infected with P. fluorescence, attributed to hemolysis 
and the inhibition of hemoglobin synthesis in the 
compromised liver. Fish treated with florfenicol or 
Azolla demonstrated the ability to overcome bacterial 
infections, resulting in improved hematological 
parameters. 

Table 9. Effects of Azolla, florfenicol and their combinations on antioxidant enzymes, and immune markers in Nile tilapia 
experimentally infected with Pseudomonas spp.  

Group Parameters Control Group 1 Azolla onlly Group2 Infected control Group 3 p.+azolla Group 4 p.+antibiotic 

SOD (U/ml) 48.89ab±1.90 52a±1.46 40.44c±1.97 45.98b±0.859 42.70c±1.99 
GPX (U/mL) 57.94ab±1.57 60.52a±1.769 49.22d±2.65 55.42bc±2.45 53.84c±1.86 
CAT (Mol/mg ) 3.21b±3.21 4.66a ±0.20 1.98d±0.90 2.92bc±0.37 2.36cd±0.69 
MPO(U/ml) 2.52cd±0.28 4.70a±0.259 2.98d±0.38 3.56b±0.41 3.00bc±0.62 
LYSO (U/ml) 0.63b±0.03 0.70a±0.02 0.40c±0.41 0.58d±0.14 0.24e±0.01 
ACH50(U/ml) 26.42b±1.37 28.40a±1.57 21.52c±1.60 25.15d±1.45 22.66c±2.29 
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Alterations in the total counts of white blood cells 
(WBCs) and their differential types signify a stress 
response in O. niloticus resulting from infection with 
Pseudomonas. Previous studies have confirmed that, 
during severe infection, the organism increases the 
release of white blood cells, with lymphocytes identified 
as effective immune cells. Infection stress elevates 
neutrophil levels, which produce lysozyme that 
compromises bacterial cell walls, resulting in bacterial 
damage (Ellis, 2001; Kumar et al., 2013). Also, Ellis 
(1999) and Basha et al. (2013) validated the essential 
function of lysozyme in innate immunity through the 
lysis of bacterial cell walls, thereby facilitating the 
phagocytosis of bacteria. There was a significant 
increase in white blood cells, specifically neutrophils, 
lymphocytes, and monocytes, in the group infected with 
P. fluorescence. Neutrophils and monocytes, as 
phagocytic cells functioning as tissue macrophages, play 
a critical role in the host's defense mechanism by 
adhering to and engulfing pathogens (Bruno, and 
Munro, 1989, and Alicja, et al., 2000).  

The elevation of WBCs in the treated groups (G4 
and G5) was less pronounced than in fish infected with 
P. fluorescence. This discrepancy may be due to a 
reduction in bacterial stress, likely resulting from the 
antimicrobial properties of Azolla, which contains 
proline and fucoxanthin (K¨ osesakal, Yıldız, 2019; 
Mosha et al., 2020). The phytoconstituents exhibit 
enzymatic functions that diminish platelet activation 
and aggregation in response to bacterial diseases and 
possess anti-inflammatory activity (Biller-Takahashi et 
al., 2013; Yilmaz, 2019).  

The current study observed a comparable 
enhancement in blood phagocytosis resulting from 
Azola feeding. Phagocytosis serves as an essential 
immune defense mechanism that aids fish in mitigating 
the risk of infectious diseases (Harikrishnan et al., 2011). 
The results obtained indicate that the inclusion of Azolla 
can sustain immune responses, specifically lysozyme 
activity and phagocytosis, which enhance resistance to 
pathogens. Saurabh and Sahoo (2008) stated that the 
increase in lysozyme activity in fish is associated with the 
abundance of immune system-related cells; monocytes, 
macrophages, and polymorphonuclear granulocytes 
serve as the primary sources of these proteolytic 
enzymes. The elevation of lysozyme levels in the blood 
of stimulated fish correlates with either the proliferation 
of phagocytes or an increased production of lysozymes 
from lysosomes, making lysozyme activity a significant 
marker for assessing the bactericidal efficacy of dietary 
nutritional value. 

As natural antioxidants and immunostimulants, 
lysine, vitamins, and phyto-constituents (carotenoids, 
flavonoids, and tannins) are responsible for the 
outcomes (Brouwer et al., 2019; Thavasi Alagan et al., 
2020). Furthermore, it has been shown that Azolla's high 
concentrations of carotene, phenolic, and flavonoid 
components improve immunological function (Kumar et 
al., 2014; Nayak and Padhy et al., 2014). Azolla meal may 

also stimulate the generation of short-chain fatty acids, 
including butyrate, acetate, and propionate (Brouwer et 
al., 2019), which in turn enhances the immunological 
response (Kim, 2021; Schulthess et al., 2019). 

Pseudomonas infection in Nile tilapia induced 
pronounced disturbances in hepatic and renal function 
biomarkers. Serum ALT, AST, and ALP activities were 
markedly elevated in the infected control group 
compared with the negative control, indicating 
substantial hepatic injury. These elevations are typically 
associated with hepatocellular leakage and necrosis, 
consistent with previous reports on bacterial infections 
in fish (Abdel-Tawwab et al., 2020; Dawood, 2021). The 
noticeable reduction in these enzyme levels in fish 
treated with Azolla or florfenicol reflects their protective 
effects against liver damage. Notably, Azolla 
supplementation exerted a more pronounced 
ameliorative influence, particularly in restoring AST 
activity, suggesting a hepatoprotective role attributed to 
its antioxidant and anti-inflammatory bioactive 
compounds (El-Sayed, 2021; Karthik et al., 2022). 

Similarly, infection with Pseudomonas spp. 
resulted in a significant decrease in serum albumin, 
globulin, and total protein concentrations. Such 
hypoproteinemia is generally linked to impaired hepatic 
protein synthesis and enhanced protein catabolism 
under pathological stress (Mahmoud et al., 2019; 
Hamed et al., 2020). The substantial improvement 
observed in Azolla-supplemented groups may be 
attributed to its high-quality protein content, essential 
amino acids, and bioactive constituents that support 
protein metabolism and strengthen immune responses 
(Bharti et al., 2024). 

Renal function biomarkers (urea, creatinine, and 
uric acid) were markedly elevated in the infected control 
group, reflecting kidney dysfunction and impaired 
excretory capacity. These findings agree with earlier 
studies reporting renal impairment in fish subjected to 
bacterial infections (Zahran et al., 2018; Reverter et al., 
2020). Supplementation with Azolla markedly reduced 
these elevations compared with the infected control, 
suggesting a nephroprotective effect. This may be 
attributed to Azolla’s bioactive compounds, including 
flavonoids and polyphenols, which scavenge free 
radicals and reduce oxidative damage in renal tissues 
(Nguyen et al., 2019; Khalil et al., 2022). Antibiotic 
treatment also alleviated the alterations but was less 
effective than Azolla supplementation, possibly due to 
the supportive nutritional and immunomodulatory 
properties of Azolla beyond its antimicrobial effects. 

Pseudomonas infection in Nile tilapia induced 
significant oxidative stress and immunological 
disturbances. The infected control group showed a 
pronounced decline in the major antioxidant enzymes 
(SOD, GPx, CAT), indicating excessive generation of 
reactive oxygen species (ROS) and subsequent depletion 
of the antioxidant defense system. Similar findings were 
reported in fish exposed to bacterial infections, where 
oxidative imbalance was considered a hallmark of tissue 
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damage and inflammation (Zahran et al., 2018; Dawood 
et al., 2020). 

Concomitantly, infection triggered a significant 
elevation in MPO, lysozyme, and AChE activities. The rise 
in MPO activity reflects neutrophil activation and 
respiratory burst, which are part of the innate immune 
defense against invading pathogens (Abdel-Tawwab et 
al., 2020). The increase in serum lysozyme further 
confirms the stimulation of the non-specific immune 
system, as lysozyme is a bacteriolytic enzyme with a 
central role in eliminating Gram-negative bacteria 
(Harikrishnan et al., 2011). Additionally, the elevation of 
AChE activity may be attributed to stress-mediated 
neuroendocrine responses during infection, in line with 
previous studies linking cholinesterase activity with 
inflammatory stress in fish (Whyte et al., 2018). 

Interestingly, fish in the Azolla-only group showed 
no significant deviations from the negative control, 
confirming the safety of Azolla supplementation. Both 
Azolla and antibiotic treatments significantly 
ameliorated the infection-induced alterations. 
However, Azolla exerted a superior restorative effect on 
antioxidant enzymes and immune markers. This 
hepatoprotective and immunomodulatory potential 
may be explained by Azolla’s high content of bioactive 
compounds, including flavonoids, carotenoids, vitamins, 
and phenolics, which enhance the antioxidant defense 
and regulate immune responses (El-Sayed, 2021; 
Nguyen et al., 2019). Moreover, Azolla-derived 
polysaccharides and proteins have been suggested to 
improve macrophage activity and cytokine production, 
thereby supporting host resistance against bacterial 
pathogens (Karthik et al., 2022). 

Taken together, the data confirm that 
Pseudomonas infection compromises oxidative balance 
and immune homeostasis, while Azolla 
supplementation provides a strong protective role by 
restoring antioxidant capacity and modulating innate 
immunity more effectively than antibiotic treatment. 

 

Conclusion 
 

Azolla pinnata is an economically valuable feed 
owing to its low cost, rapid growth, and capacity to 
replace part of the expensive protein sources in 
aquaculture diets. Beyond its economic significance, this 
study demonstrates that Azolla enhances growth, 
immunity, and antioxidant defenses in Nile tilapia and 
alleviates the adverse effects of Pseudomonas 
fluorescens infection. Supplementation with Azolla 
improved hematological, biochemical, liver, and kidney 
functions, and showed greater efficacy than florfenicol 
in moderating immune and oxidative stress responses. 
These findings highlight the potential of Azolla as a 
sustainable, eco-friendly alternative or complement to 
antibiotics in fish farming, Besides its 
immunostimulatory and growth-promoting effects, 
Azolla cultivation enhanced water quality, which was 
directly reflected in improved fish welfare and disease 

resistance. contributing both to fish health and to 
reducing the risks of antibiotic resistance in aquatic 
environments.   
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