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INTRODUCTION  

 

         Aquaculture is nowadays considered as a main source of protein with lower cost 

compared with other animal protein sources (Dawood et al., 2021). Numerous studies 

declared that the immunostimulation using natural products extracted from plants is 

highly recommended (Kosanić et al., 2015; Wang et al., 2015). Recently, a growing 

interest has emerged as a global trend towards the usage of seaweeds in fish diets; it has 

positive influences on the fish immune system, as well as producing biologically active 

secondary metabolites; these impacts have been widely documented (Zaim et al., 2020). 
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Immunostimulation by natural products, such as brown algae presents an 

alternative choice to antibiotics and vaccines in aquaculture. The present 

study was performed to determine the effects of dietary brown alga Padina 

pavonica on the body composition measurements, antioxidant activity and 

innate immunity of Oreochromis niloticus before and after being challenged 

with Aeromonus hydrophila. The Nile tilapia (4.58 ± 0.03 g) samples were 

fed commercial pellets mixed with four concentrations of P. pavonica (2.0, 

4.0, 6.0 and 8.0g/ kg) for 45 days under two different conditions: 

experimental (A) and farming (B). The results indicate that fish fed higher 

algal dose T4 (8.0g/kg) witnessed an improved growth. All immunological 

parameters, including oxidative enzymes, somatic indices and lysozyme 

activities were assessed for both environments (A and B). The histological 

structure of the liver, spleen and intestine of fish showed some 

enhancements in treated group cells relative to the control fish. All groups 

after the feeding trials were challenged with pathogenic bacteria Aeromonus 

hydrophila. No changes were detected in oxidative enzyme activities for 

both environments, while lysozyme activities recorded a reverse effect upon 

decreasing the higher algal dose subgroups T4. In addition, a decrease was 

recorded in the mortality rate in both environments after feeding with P. 

pavonica alga in all subgroups (10 and 20%), which indicates the defense 

effect of brown alga P. pavonica against the pathogenic bacteria.   
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Brown seaweeds have a large amount of alginic acid and fucoidan, which are 

polysaccharides. These ingredients have positive influences on fish immune system. 

Macroalga Padina sp. is rich with polysaccharides, carbohydrates, proteins, lipids, fatty 

acids, ashes and dietary fibers (Subramanian et al., 2015). P. pavonica has recently 

gained the attention of researchers for its importance as a natural source of 

immunostimulant, antibiotic, antioxidant, antimicrobial, hepatoprotective, hypo-

allergenic, anti-inflammatory, antidiabetic and as a good source of food and bio-fertilizer 

(Ansari et al., 2019). 

          The study aimed to evaluate the role of the brown alga P. pavonica on the body 

composition, lysozyme, and antioxidant enzymes activity of Oreochromis niloticus 

before and after challenged with Aeromonus hydrophila. In addition, the 

histopathological effect on some immunological organs was addressed and the structure 

analysis of polysaccharides in P. pavonica was performed using Infrared (IR) 

spectroscopy. 

 

MATERIALS AND METHODS  

 

1. Ethical statement 

       All the experimental protocols including animals were carried out according to the 

guidelines of the Ethics of Animal Use in the Research Committee (EAURC), Faculty of 

Science, Suez Canal University, Egypt, with approval number (REC40/2022). 

2. Collection, preparation and identification of polysaccharides from alga 

       Fresh brown Padina pavonica was obtained from the coastal water in Marsa Allam, 

Red Sea in the summer of 2020. Based on its morphology, the taxonomic reference was 

used for identification as mentioned by Sahoo et al. (2002). Dehydration and preparation 

of powder alga was done according to Gamal-Eldeen et al. (2009). 

  

3. Fourier-transform infrared (FT-IR) spectroscopy analysis  

       The polysaccharides extracted from P. pavonica were prepared in thin pellets using 

potassium bromide (KBr) for FTIR analysis. IR spectra were obtained from PERKIN 

ELMER model at the resolution of 1 cm
−1

 in the range of 3500 to 500 cm
−1

. 

 

4. Experimental fish 

       A total of 390 apparently healthy cultured O. niloticus, with average body weight of 

4.54 ± 0.03 g were obtained from the Sustainable Development Center of Fish Farming 

and Technology Institute (FFTI), Suez Canal University, Egypt. They were acclimated 

for two weeks in fully prepared 10 fiberglass tanks, and then divided into two main 
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groups, where group (A) was cultured in tanks filled with dechlorinated tap water 

(experimental condition), and group (B) was cultured in tanks of freshwater (farming 

condition); each group included 195 fish. Each group was further subdivided into five 

subgroups, each of which had three replicates (13 fish per tank) reared in a 50-liter glass 

tank.  Fishes were held under natural photoperiod condition throughout the experimental 

period (45 days) feeding trials and (15 days) challenge test (Table 1).          

Table 1. Water parameters in environments (A) and (B)  

Parameter Experimental environment (A) Farming environment (B) 

Capacity (L) 500 500 

Fish number 195 (13/tank) 195 (13/tank) 

DO (mg/L) 6.25–8.3 6.4–8.5 

T (
°
C) 23–24 22–24 

pH 7.90–8.2 7.78–8.11 

Ammonia (TAN*) 0.13–0.15 0.12–0.14 

DO: Dissolved oxygen (mg/L); T: Temperature (
°
C); * TAN: Total ammonia nitrogen. 

The control subgroups (CA/CB), means feeding commercial pellets without additives, (T) indicates for 

treatments of P. pavonica algae as: T1A/T1B: 2.0 g/kg, T2A/T2B: 4.0 g/kg, T3A/T3B:6.0 g/kg and 

T4A/T4B:8.0 g/kg.  
 

5. Diet preparations, culture conditions and feeding trials likewise (Maghawri et al., 

2023) 

6. Fish body composition in environments (A) and (B) 

       The whole body composition of the Nile tilapia was determined for three fish from 

each subgroup in both environments by using the standard methods mentioned  the study 

of Folch et al. (1957) and set by the Association of Official Analytical Chemists (AOAC, 

1997). 

7. Hepatosomatic, spleenosomatic and gonadosomatic indices (HIS, SSI and GSI) 

       Fishes were dissected and the internal organs of liver, spleen and gonads were 

dissected. HIS, SSI and GSI were calculated using the following formulas of Pandit and 

Gupta (2019): 

HSI= weight liver (g.)/weight of fish (g.) ×100, SSI= weight of spleen (g.)/weight of fish 

(g.) ×100, GSI =weight of gonads (g.)/ weight of fish (g.) ×100. 

8. Histopathological examinations   

        Liver, spleen, and intestine samples were preserved in 10% neutral formalin for 24 

hours before being transferred to 70% ethanol for complete preservation. The specimens 

were prepared and stained with hematoxylin and eosin stain (H & E) according to Drury 

and Wallington (1987) and Bancroft et al. (1996). 
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9. Aeromonus hydrophila preparation and injection 

       Aeromonus hydrophila strain was supplied by the Central Lab, Faculty of Veterinary 

Medicine, Suez Canal University, Egypt. The bacteria were diluted in phosphate-buffered 

saline (PBS, pH 7.2) and adjusted to a concentration of 2 ×10
7
 CFU/ml. After finishing 

the 45 days feeding trials, ten fish per subgroups were intraperitoneally (IP) injected with 

0.2 mL/fish of (2.6 × 10
6
 CFU) A. hydrophila (Ran et al., 2018). Fish were continuously 

fed for 15 days after injection, and the clinical signs and mortalities were recorded 

(Saputra et al., 2016).  

 

10. Evaluation of oxidative biomarkers and antioxidant enzymes activity before and 

after challenged with A. hydrophila in environments (A) and (B)  

         The activities of antioxidant enzymes were assessed in liver before and after 

challenge with A. hydrophila. Homogenization of 0.5g of liver tissue was performed from 

all subgroups. The tissues were preserved frozen at -20
O
C till processing. The reagents 

were purchased from Bio-diagnostic company (Diagnostic and research agency). 

Malondialdehyde (MDA, CAT no. 25. 29) was measured according to previous studies 

(Ohkawa et al., 1979; Del Rio et al., 2003). Superoxide dismutase (SOD; SD 25.21) 

activity was assessed according to Paoletti et al. (1986). Reduced glutathione (GSH) was 

evaluated using reduced glutathione Assay Kit (GSH, CAT no. GR 25.11). Glutathione 

peroxidase (GPx; CAT no. GP 25.24) activity was determined according to Beutler 

(1971). Catalase (CAT; CAT no. CA 25.17) activity was assessed according to the 

method of Beers and Sizer (1952). 

 

11. Lysozyme activity before and after challenged with A. hydrophila in 

environments (A) and (B)  

          Lysozyme activities were assessed in serum from all subgroups before and after A. 

hydrophila infection according to the methods described in the study of Ellis (1990).  

 

12. Statistical analysis 

         Results were presented as means ± the standard error, and they were assessed by 

one-way analysis of variance (ANOVA) using IBM SPSS statistics 20.0. Duncan’s 

multiple-range test and descriptions were used to ascertain differences among treatments, 

with significance set at P ≤ 0.05 according to Dytham (2011). 

 

RESULTS  

 

1. Padina pavonica effective component 

FT-IR spectrum contains band at 3278 cm
−1

 falls within the intensity of signals 

detected for compounds with (-OH) stretching. Two peaks at 1614-1411 cm
-1

 are 

originated from the asymmetric stretching vibrations of the carboxylate (COO
-
). 

An intense peak centering at 1024 cm
-1

 was attributed to the presence of 



235                Immunostimulatory Effect of the Macroalga Padina pavonica on the Performance of Nile Tilapia 
 

 

235 

 

stretching vibrations of the glycosidic linkage formation in polysaccharide 

(C─O─C). Moreover, medium sharp absorption band at 868 cm
-1

 shows the 

C─O─S bending vibration and confirms the presence of a sulfate group. 

Furthermore, weak absorptions region observed below band 789 cm
-1

 are related 

to the (CH2O) 2 carbohydrate groups, (Fig. 1 & Table 2). 

 

  

Fig. 1. FTIR spectra for polysaccharides of P. pavonica 

          
 Table 2. A list of infrared (IR) vibrational modes characteristic to some polysaccharides is 

summarized at wave number (cm
-1

) (Pereira et al., 2013) 

 

 

 

IR absorption wave number  

(cm
-1

) 
Signal characteristics 

3500-3200 The broad peak signifies the stretching vibrations of the OH group 

1650 Represent the carbonyl group of a carboxylic acid group 

1135 Stretching vibrations of the glycosidic C─O bond 

1315-1220 and 1140-1050 
Symmetric and asymmetric stretching vibrations of the RO─SO3- bond 

of the sulfate groups 

1370 Sulfate groups  S═O 

1250 The asymmetric stretching of S═O 

930 
The vibration of the C─O─C bridge of 3,6-anhydro-L-galactose and 

3,6-anhydro-D-galactose (common to both agar and carrageenan) 

890 Anomeric CH of β-galactopyranosyl residues 

840 Sulfation on C4 galactose 

830 Sulfation on C2 galactose units 

805 Sulfation on C2 of the 3,6-anhydro-L-galactose 

740 and 716 C─O─C bending vibrations in glycosidic linkages 

1210-1280 Broadband represents the sulfate group 

822 Mannuronic unit (characteristic band) 

808 Guluronic unit (characteristic band) 
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2. Body composition  

       As shown in Table (3), a highly significant difference (P≤0.05) was detected between 

subgroups. In experimental environment (A), moisture, protein and ash were significantly 

increased in T4 subgroup, while lipid recorded a significant increase in T3. In farming 

environment (B), moisture and protein were significantly increased in T4 subgroup, while 

ash was significantly increased in T1. While, lipid was significantly increased in T2.  

 

Table 3. Effect of dietary P. pavonica levels on whole body composition (%wet weight 

basis) of O. niloticus in environments (A) and (B) 
Subgroups 

 

 

Factor 

 

Padina pavonica (g/kg diet) 

P. 

Value (0) 

Control  

2.0 

(T1) 

4.0 

(T2) 

6.0 

(T3) 

8.0 

(T4) 

Moisture 
A 71.79±0.10

 b
 74.55±0.46

a
 68.92±0.72

 c
 70.82±0.23

 b
 73.95±0.39

 a
 0.00 

B 72.19±0.25
 b
 72.55±0.29

 b
 69.15±0.34

 c
 73.54±0.43

 a
 74.21±0.25

 a
 0.00 

Protein  
A 14.97±0.17

 b
 11.96±0.03

 c
 10.07±0.41

 d
 9.02±0.31

 e
 16.69±0.42

a
 0.00 

B 11.53±0.12
 b
 12.20±0.13

 b
 8.52±0.89

 c
 14.56±0.23

 a
 14.68±0.10

 a
 0.00 

Ash  
A 3.53±0.38

 b
 5.56±0.44

 a
 3.33±0.32

 b
 6.34±0.06

 a
 5.99±0.09

 a
 0.00 

B 5.57±0.19
 b
 6.16±0.16

 a
 4.33±0.29

 c
 5.17±0.14

 b
 3.58±0.18

 d
 0.00 

Lipid  
A 7.64±0.15

 bc
 8.86±0.49

 b
 6.29±0.91

 c
 11.35±0.12

 a
 7.89±0.29

 b
 0.00 

B 7.99±0.41
 c
 6.39±0.29

 d
 10.73±0.25

 a
 9.69±0.32

 b
 5.63±0.11

 d
 0.00 

Note that: a-d means there was statistically significant difference between values at P≤ 0.05 within the 

same row. (n=10); one way ANOVA test was used to compare means. 

3. Hepatosomatic (HSI), spleenosomatic (SSI), and gonadosomatic (GSI) indices in 

environments (A) and (B) 

        From Table (4), GSI recorded a highly significant difference between subgroups (P≤ 

0.05) in both environmental conditions (A) and (B). T4 was significantly increased in 

both environments, (A) and (B). HIS recorded a highly significant difference within 

groups (P≤ 0.05) in experimental environment (A), with the maximum value in T3, while 

in farming environment (B), the values recorded no significant difference within 

subgroups (P> 0.05). SSI values recorded no significant difference between subgroups 

(P> 0.05) among experimental condition subgroups (A); while in farming conditions (B), 

a highly significant difference was detected among subgroups (P≤ 0.05), with maximum 

values in T4 subgroup. 
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Table 4. Hepatosomatic (HSI), spleenosomatic (SSI) and gonadosomatic (GSI) indexes 

in environments (A) and (B) 
Subgroups 

 

 

Factor 

 

Padina pavonica (g/kg diet) 

P. 

Value (0) 

Control  

2.0 

(T1) 

4.0 

(T2) 

6.0 

(T3) 

8.0 

(T4) 

GSI 
A 1.59±0.16

c
 1.19±0.26

c
 2.84±0.39

b
 2.08±0.29

bc
 3.94±0.35

a
 0.00 

B 2.23±0.17
 d
 3.83±0.47

 bc
 4.92±0.41

 ab
 2.65±0.23

 cd
 5.61±0.68

a
 0.00 

HSI  
A 3.09±0.26

 b
 2.76±0.26

 b
 3.24±0.60

b
 4.75±0.50

a
 2.13±0.26

 b
 0.00 

B 2.82±0.41
 a
 3.01±0.23

 a
 3.13±0.29

 a
 3.01±0.24

 a
 2.54±0.29

 a
 0.67 

SSI  
A 0.34±0.05

 a
 0.28±0.04

 a
 0.32±0.03

 a
 0.38±0.04

 a
 0.29±0.04

a
 0.43 

B 0.29±0.05
 b 

0.32±0.04
 b
 0.16±0.02

 b
 0.15±0.02

 b
 1.26±0.37

 a
 0.00 

Note that: a-d means there was statistically significant difference between values at (P≤ 0.05) within the 

same row. (n=10), one way ANOVA test to compare means 

 

4. Histological and histopathological findings in the experimental and farming 

environments (Groups A and B)  

4.1. Intestine  

        The results of histological sections for the control subgroup (CA) showed that the 

intestine had irregular villi with edema and chronic inflammations in the lamina propria 

in the control sample, whereas the intestine showed regular villi with no edema or chronic 

inflammations. Subgroup T1A showed uniform intestinal villi and crypts, with mild 

chronic inflammation in the lamina propria. While subgroup T3A showed normal 

intestinal villi with no sign of inflammation. On the other hand, T4A showed regular villi, 

with no inflammation in the lamina propria. The intestine of farming subgroup (B) 

showed that the control subgroup (CB) section showed edema in villi cores and lamina 

propria with chronic inflammations, whereas the subgroup T1B section showed irregular 

villi with no atrophy or inflammations. T2B showed regular villi with no atrophy. T3B 

showed uniform intestinal villi and crypts with mild chronic inflammation in the lamina 

propria, while subgroup T4B showed regular villi with no inflammation in the lamina 

propria (Fig. 2a- j). 

4.2. Liver 

        Liver of the control subgroup (CA) showed no fibrosis with little fatty changes in its 

cytoplasm, while the subgroup T1A liver showed no fibrosis with uniform hepatocytes. 

T1A showed uniform liver architecture with no fibrosis with uniform hepatocytes. T2A 

showed uniform hepatocytes with no evidence of lytic necrosis or lobular inflammation. 

T3A showed foci of lobular inflammation, while T4A showed no fibrosis with little fatty 

changes inside the cytoplasm. The liver of the control subgroup (CB) showed normal 

architecture with focal confluent necrosis. The area of confluent necrosis with chronic 

inflammatory cell infiltrate replacing hepatocytes. Hepatocytes showed steatosis. T1B 

showed uniform hepatocytes with no evidence of lytic necrosis or lobular inflammation. 
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T2B showed no evidence of fibrosis or inflammation. T3B showed little foci of lobular 

inflammation. T4B liver showed no detected pathological changes; however, mild 

hydropic changes were seen in some hepatocytes (Fig. 3a- j). 

 

 
Fig. 2. (a) Control intestine (CA) showing disturbed irregular villous architecture, with no atrophy (black 

arrows). The lamina propria shows chronic inflammation (red arrows). Sloughed tissue is seen within the 

lumen (arrow heads). (H & E, 10x). (b) Treated subgroup (T1A) intestine displaying regular villi with no 

atrophy, distortion or sloughing. Lamina propria shows no edema or chronic inflammation. (H & E, 10x). 

(c) Treated subgroup (T2A) uniform intestinal villi and crypts, there is mild chronic inflammation in the 

lamina propria (H & E, 10x). (d) Normal intestinal villi from the treated subgroup (T3A) with no signs of 

inflammation (H & E, 10x). (e) Treated subgroup (T4A) regular villi with no lamina propria inflammation 

(black arrows). (H&E, 10x). (f) Control intestine (CB revealed mild disruption of intestinal villi, with 

chronic inflammation within the lamina propria (black arrows) (H & E, 10x). (g) Treated subgroup (T1B) 

showed irregular villi with no atrophy or inflammations (H&E, 10x). (h) Treated subgroup (T2B) revealed 

regular villi with no atrophy (H&E, 10x). (i) Treated subgroup (T3B) Uniform intestinal villi and crypts 

with mild chronic inflammation in lamina propria (H&E, 10x). (j) Treated subgroup (T4B) showed villi 

with regular and no atrophy, distortion, or sloughing. Lamina propria shows no edema or chronic 

inflammation. (H & E, 10x). 

 

4.3. Spleen 

         Spleen of the control subgroup (CA) showed moderate proliferation of lymphoid 

follicles and congested sinusoids, while subgroup T1A showed mild follicular 

hyperplasia and sinusoids congestion. T2A showed normal white bulb with small areas of 

red bulb congestion. T3A showed mild hyperplasia in the white bulb with mild sinus 

congestion in the red bulb. T4A showed normal white and red bulbs with mild 

congestion. Spleen of the control subgroup (CB) showed moderate proliferation of 

lymphoid follicles in the white bulb and congested sinusoids. T1B showed moderate 

proliferation in lymphoid follicles of white bulb with increasing in red bulbs congestions. 

T2B showed mild lymphoid hyperplasia with little degree of red bulb congestions. T3B 

showed lymphoid folliciles in white pulp and sinusoids. T4B showed mild follicular 

hyperplasia and sinusoids congestion in the red bulb. (Fig. 4a- j). 

 



239                Immunostimulatory Effect of the Macroalga Padina pavonica on the Performance of Nile Tilapia 
 

 

239 

 

 

Fig. 3. (a) Uniform liver architecture of control (CA) with no fibrosis, hepatocytes with fatty changes in 

their cytoplasm (arrow heads) with a single focus of lytic necrosis is seen (black arrow) (H & E, 40x). (b) 

Uniform liver architecture of the treated subgroup (T1A) with no fibrosis and uniform hepatocytes (H & E, 

40x). (c) Treated subgroup (T2A) showing uniform hepatocytes with no evidence of lytic necrosis or 

lobular inflammation (H & E, 40x). (d) (T3A) with foci of lobular inflammation (black arrows) (H & E, 

40x). (e) Treated subgroup (T4A) revealed no fibrosis with little fatty changes inside the cytoplasm. (f) 

liver of control group (CB) showing normal architecture, with focal confluent necrosis, the area of 

confluent necrosis with chronic inflammatory cell infiltrate replacing hepatocytes (black arrow) (H&E, 

40x). Hepatocytes show steatosis (arrow heads). (g) Treated subgroup (T1B) showing uniform hepatocytes 

with no evidence of lytic necrosis or lobular inflammation (H&E, 40x). (h) Treated subgroup (T2B) 

exhibiting no evidence of fibrosis or inflammation. (i) Treated subgroup (T3B) revealing little foci of 

lobular inflammation. (j) Treated subgroup (T4B) liver showig no detected pathological changes, but mild 

hydropic changes were seen in some of the hepatocytes (black arrows) (H & E, 40x). 

 

 
Fig. 4. (a) Spleen of control subgroup (CA) revealing moderate proliferation of lymphoid follicles, 

proliferated white bulb (black arrow) and congested red bulb (red arrow) (H&E, 40x). (b) Spleen of treated 

subgroup (T1A) showing mild follicular hyperplasia (black arrows) and sinusoids congestion in red bulbs 

(red arrow) (H&E, 40x). (c) Treated subgroup (T2A) displaying normal white bulb (black arrow) with 

small areas of red bulb congestions (red arrow) (H&E, 40x). (d) Treated subgroup (T3A) showing mild 

hyperplasia in white bulb (black arrow) with mild sinus congestion in red bulb (red arrow) (H&E, 40x), (e) 

Treated subgroup (T4A) exhibiting normal white and red bulbs with mild congestion (black and red 
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arrows) (H&E, 40x). (f) Control subgroup (CB) revealing moderate proliferation of lymphoid follicles and 

congested sinusoids, the proliferated white bulb (black arrows) and congested red bulb (red arrows) (H&E, 

40x). (g) Treated subgroup (T1B) showing moderate proliferation in lymphoid follicles of white bulb 

(black arrow) with increasing in red bulbs congestions (red arrow) (H&E, 40x). (h) Treated subgroup 

(T2B) revealing mild lymphoid hyperplasia with little degree of red bulb congestions (black and red 

arrows) (H&E, 40x). (i) Treated subgroup (T3B) showing lymphoid follicles in white pulp (black arrows) 

and sinusoids (red arrows) (H&E, 40x), (j) Treated subgroup (T4B) showing mild follicular hyperplasia 

and sinusoids congestion, the follicular hyperplasia (black arrows) and sinusoids congestion (red bulb) 

(H&E, 40x). 

 

5. Oxidative biomarkers and antioxidant enzymes before and after experimental 

infection with A. hydrophila in both environments (A) and (B) 

5.1. Before A. hydrophila infection 

          Group (A) in Table (5) shows that, all oxidative enzymes recorded a highly 

significant difference between subgroups (P≤ 0.05). MDA recorded a high significance in 

T1 and control subgroups. SOD and GSH recorded highly significant values in subgroups 

T3. GPx activity recorded highly significant difference in T4 subgroup. CAT enzyme 

activity showed a highly significant difference among subgroups, with no clear variations 

between them. 

For group (B) in Table (5), all oxidative enzymes recorded a highly significant difference 

between subgroups (P≤ 0.05). MDA showed higher values in T1 and T2 subgroups. 

SOD, GSH and GPx oxidative parameters activities showed highly significant difference 

in T3 subgroup. CAT enzyme activity showed a highly significant difference in T4 and 

T1 values.  

Table 5. Oxidative biomarkers and antioxidant enzymes in O. niloticus feeding P. 

pavonica in environments (A) and (B) 
Subgroups 

 

 

Factors 

 

Padina pavonica (g/kg diet) 

P. 

Value (0) 

Control  

2.0 

(T1) 

4.0 

(T2) 

6.0 

(T3) 

8.0 

(T4) 

MDA 

nmol/g.tissue 

A 61.40±0.34
 b
 128±0.45

a
 51.90±0.46

 c
 28.10±0.46

 e
 41±1.05

 d
 0.00 

B 147.70±1.89 
b
 153.50±0.69

 a
 153.20±0.87

 a
 150.90±0.59 

ab
 80.20±1.51

 c
 0.00 

SOD 

U/g. tissue 

A 1245.50±1.45
 c
 809.30±1.09

 d
 1312.10±1.22

 b
 2369.50±2.11

 a
 1244.50±1.68

 c
 0.00 

B 1875.60±1.75
 c
 1937.40±2.16

 b
 1938±2.35

 b
 1994.50±0.85 

a
 1807±1.29

 d
 0.00 

GSH 

mg. /g. tissue 

A 0.98±0.04
 e
 1.50±0.06

 d
 2.99±0.04

 b
 3.78±0.04

 a
 2±0.04

 c
 0.00 

B 7.40±0.04
 d
 12.90±0.35

 b
 8.39±0.09

 c
 19.10±0.43 

a
 12.19±0.16

 b
 0.00 

GPx 

U/g. tissue 

A 350±0.87 
c
 329.80±1.07

 d
 369.30±1.12

 b
 350.20±1.39 

c
 388.30±1.52

a
 0.00 

B 77±0.76 
d
 96.80±0.59 

c
 57.90±0.89 

e
 329.50±1.08 

a
 290.10±1.24 

b
 0.00 

CAT 

U/g. tissue 

A 0.57±0.04 
b
 0.50±0.04 

b
 1±0.04

 a
 0.96±0.05

 a
 1.04±0.04 

a
 0.00 

B 0.50±0.04 
b
 1±0.04

 a
 0.50±0.04

 b
 0.50±0.04

 b
 1.02±0.04

 a
 0.00 

Note that: a-d means there was statistically significant difference between values at P≤ 0.05 in the same 

row. (n=10), one way ANOVA test was used to compare means. 
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5.2. After A. hydrophila infection 

          Concerning group (A) in Table (6), all oxidative enzymes recorded a highly 

significant difference between subgroups (P≤ 0.05). MDA showed highly significant 

difference in T3 and T4 subgroups. SOD and GSH showed a highly significant difference 

in T3 subgroup. GPx and CAT activities showed highly significant difference in T4 

subgroup.  

         Concerning group (B) in Table (6), all oxidative enzymes recorded a highly 

significant difference between subgroups (P≤ 0.05). MDA showed a highly significant 

difference in T4 subgroup. SOD and GSH showed highly significant differences in T4 

subgroup. GPx and CAT activities showed that a highly significant difference in 

subgroups of T2, T3 and T4.  

Table 6. Oxidative biomarkers and antioxidant enzymes in O. niloticus after challenging 

with A. hydrophila in environments (A) and (B) 
Subgroups 

 

Factor 

Padina pavonica (g/kg diet) 
P. 

Value 
(0) 

Control  

2.0 

(T1) 

4.0 

(T2) 

6.0 

(T3) 

8.0 

(T4) 

MDA 

nmol/g.tiss

ue 

A 228.30±1.34
e
 306.10±1.8

d
 362.10±1.52

c
 370.90±1.17

a
 366.50±1.14

b
 0.00 

B 143.10±0.91
e
 365.40±0.97

 b
 315.60±0.73

 c
 294.60±1.24

 d
 368.20±0.76

a
 0.00 

SOD 

U/g.tissue 

A 1312±1.17
d
 1117.90±1.75

e
 4680.70±1.69

c
 7864.40±2.01

a
 7117.70±1.56

b
 0.00 

B 3743.50±1.63
 c
 2680±1.76

 e
 4305.60±2.11

 b
 2991.70±1.08

 d
 7115.80±1.05

 a
 0.00 

GSH 

mg/g.tissue 

A 12.49±0.12
d
 5.42±0.08

e
 27.70±0.97

b
 37.50±1.01

a
 23.43±0.11

c
 0.00 

B 5.46±0.09
 e
 15.13±0.09

 b
 9.89±0.10

 c
 7.25±0.09

 d
 22.10±0.75

 a
 0.00 

GPx 

U/g. tissue 

A 232.80±1.36
c
 19.70±0.54

e
 174.30±1.32

d
 275.10±1.08

b
 311.50±0.91

a 
0.00 

B 39.30±1.04
 d
 58±0.84

 c
 175.60±1.08

 a
 77.70±0.72

 b
 77.80±0.94

 b
 0.00 

CAT 

U/g. tissue 

A 0.07±0.00
c
 0.14±0.01

bc
 0.21±0.07

b
 0.50±0.04

a
 0.49±0.03

a
 0.00 

B 0.05±0.01
 c
 0.46±0.01

 a
 0.21±0.03

 b
 0.28±0.04

 b
 0.49±0.03

 a
 0.00 

Note that: a-e means there was statistically significant difference between values at P≤ 0.05 within the same 

row. (n=10); one way ANOVA test to compare means 

6. Lysozyme activity results in O. niloticus before and after challenge with A. 

hydrophila in environments (A) and (B) 

6.1. Before challenging with A. hydrophila  

        From Table (7), groups A and B show that lysozyme enzyme activities recorded 

highly significant difference within subgroups (P≤0.05), while the higher values were 

recorded in T4 subgroup, followed by T3.   

6.2. After challenging with A. hydrophila 

          Table (7) shows groups A and B with lysozyme enzyme activities recording a 

highly significant difference among subgroups (P≤ 0.05), while higher values were 

recorded in control subgroup, followed by T1.  
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Table 7. Lysozyme activity results in O. niloticus before and after challenge with A. 

hydrophila in environments (A) and (B) 
Subgroups 

 

 

Factor 

Padina pavonica (g/kg diet) 
P- 

value (0) 

Control  

2.0 

(T1) 

4.0 

(T2) 

6.0 

(T3) 

8.0 

(T4) 

Lysozyme 

activity 

before 

challenge  

A 118.50±4.03
e
 191.9±1.85

 c
 164.23±3.03

 d
 211.79±2.51

 b
 276.75±2.49

 a
 0.00 

B 164.96±1.93
 d
 167.67±2.59 

d
 197.81±5.91

 c
 209.33±2.8 

b
 256.07±2.36

 a
 0.00 

Lysozyme 

activity 

after 

challenge  

  A 263.08±1.17
 a
 220.15±1.24

 b
 195.02±1.36

 c
 196.12±1.18

 c
 167.41±2.23

 d
 0.00 

B 237.57±2.04
 a
 216.65±1.28

 b
 138.84±1.18

 e
 205.66±1.34

 c
 190.35±2.53

 d
 0.00 

Note that: a-e means there was statistically significant difference between values at P≤ 0.05 within the same 

row. (n=10), one way ANOVA test to compare means. 

7. Mortality after challenging with A. hydrophila in environments (A) and (B) 

      The total number of fish starting the challenge trial was 10 for each subgroup in both 

environments A and B.  A low mortality rate was detected between subgroups. Some 

subgroups recorded zero mortality rate as T2A and T1B, while others recorded only one 

dead fish individual (10%) after the end of the experimental period as CA, T1A, CB and 

T4B subgroups. Some subgroups recorded 2 dead fish (20%) as T3A, T4A and T3B. The 

higher mortalities were at T2B subgroup, with 3 dead fish (30%). 

DISCUSSION 

 

         Recently, most researchers have investigated various aspects of the administration 

of effective feed additives to fish, which are affecting growth performance and health 

status through adjusting the microbial balance in the intestine (Van Doan et al., 2020). In 

this context, the current study was introduced to perform the beneficial effects of Padina 

pavonica brown alga as a feed additive on the fish body composition and oxidative 

enzymes as a biomarker for the immune enhancement of fish. 

         Upon analyzing the alga structure it was found that the presence of alginates and 

fucoidan/ alginic acid residues are similar to the data presented in the study of Fernando 

et al. (2017). Moreover, mannuronic and guluronic acids were regarded as a basic 

polysaccharide backbone in the FT-IR analysis, which matches the results of Pereira et 

al. (2013). Additionaaly, the occurrence of sulfate groups and galactose rings in algal 

polysaccharides is attributed to their role in biological activities and their varying sugar 

levels (Hong et al., 2021). 

         Fish body composition represents the measurements of water, protein, fat and ash 

composition as a good evidence of fish health, quality and physiological conditions 

(Love, 1997). A significant increase was recorded in the values of moisture, protein and 

ash aligned with a decrease in lipid concentrations in experimental group (A), which was 

fed a higher P. pavonica concentration (T4). In group (B), only T4 recorded significant 
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increases in moisture and protein values; these results agree with those of Younis et al. 

(2018), who recorded similar increases in moisture, protein and ash while the reverse was 

true in the lipid concentrations of O. niloticus fed higher algal concentrations (20% and 

40%), compared to the control group which was fed the red algae Gracilaria arcuata 

meal. Soler-Vila et al. (2009) detected an increase in protein levels of rainbow trout (O. 

mykiss) in the group fed a diet containing a higher concentration of the red alga, P. dioica  

(10%). The decreasing lipid levels in both groups (A and B) fed on a higher P. pavonica 

meal coincides with the finding of Valente et al. (2006) who recorded that, the lipid 

value of European seabass, (Dicentrarchus labrax) juveniles fed a Gracilaria cornea diet  

decreased with 10% of gracilaria, compared to both control and 5% diet.  

          The present results showed highly significant increases in GSI values in both fish 

groups of A and B, where the higher values were recorded with higher feeding 

concentration (T4) that means the effect of using brown alga P. pavonica as 

immunostimulant may be directed to another pathway as sexual effect and increasing the 

efficiency of gonads. Similar results are those of Thépot et al. (2021), who postulated an 

increase in GSI in the rabbitfish fed on the red seaweed Asparagopsis taxiformis in 

different forms (whole, methanolic extract and residue of extraction) and dietary 

inclusion levels of 1.5, 3 and 6% of feed. On the other hand, in T4 of experimental group 

(A), a significant increase in HSI values was observed; however, no significant difference 

was recorded among the farming environment group (B). These findings may be due to  

hypertrophy or hyperplasia of liver cells (Ayoola, 2008). The present data nearly concur 

with those of Mahmoud et al. (2018), who detected an increase in the HSI of O. niloticus 

upon feeding with spirulina (2%). For the SSI, no significant differences (P> 0.05) were 

recorded in experimental group (A), while the farming condition group (B) registered a 

highly significant difference (P≤ 0.05) in subgroup T4. This , in turn, indicates the 

positive effect of P. pavonica on splenic tissue as an immune organ. Partly similar results 

are those reported in the study of Abd El-daim et al. (2021), who regarded an increase in 

the SSI values in O. niloticus fed a mixture of immunostimulants Azolla nilotica (AZN) 

of 5% and Spirulina platensis (SP) of 1% group.  

         In addition, an increase was recorded in non-enzymatic marker of oxidative status 

MDA, revealing a possible oxidative damage to the cells after pathogenic bacterial 

infections. In this study, MDA activities were significantly decreased in all subgroups fed 

highly doses (T3 and T4) of P. pavonica alga in both environments of the experiment 

before and after bacterial infection with A. hydrophila, which indicates that the alga 

increased the immune responses and decreased the damaging effect of MDA. The 

cells’damage may be attributed to the presence of pathogenic bacteria A. hydrophila, 

which subsequently increased MDA levels. In this context, Baldissera et al. (2019) stated 

that, the infection of silver catfish (Rhamdia quelen) by A. caviae increased the hepatic 

and renal MDA levels after four days of infection. 
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        As shown in the results, the oxidative biomarkers and antioxidant enzymes SOD, 

GSH, GPx and CAT for both environments of A and B recorded a significant increase in 

the subgroups fed high algal doses (T3 and T4). This finding agree with those of 

Rajendran et al. (2016) who proved that fish fed with macroalga, Padina gymnospora, 

stimulated the immune response of common carp (Cyprinus carpio). After A. hydrophila 

infections for all subgroups, results showed higher oxidative enzyme activities in the 

subgroups fed higher algal doses (T3 and T4), which reveals no harmful effect of 

pathogenic bacteria on the cells immunized with natural immune enhancer as algae.  This 

outcome coincides with that of Pal et al. (2019) about SOD and CAT enzymes which 

increased after the infection of rohu (Labeo rohita) with A. hydrophila. Notably, SODs 

can prevent oxidative stress by catalyzing the dismutation reaction of O2 to oxygen and 

hydrogen peroxide (H2O2) in the living organisms (Bandeira Junior & Baldisserotto, 

2021). The activity of CAT enzyme is usually consumed by cells in every organ; by 

activating the liver to rapidly detoxify the harmful H2O2 into less reactive O2 and H2O 

molecules, CAT enzyme values increased inside the cells, and hence the immune 

efficiency increased. However, the results disagree with what stated about Oreochromis 

niloticus infections with A. hydrophila which caused decreases in SOD and CAT 

activities (Moustafa et al., 2020). On the other hand,  some researchers reported no 

effective activity for SOD or CAT in the infected fish cells with pathogenic A. hydrophila 

as in gibel carp (Carassius    auratus gibelio) (Cao et al., 2018; Zhang et al., 2018; 

Zhang et al., 2019). 

          The present results recorded an increase in GSH and GPx in both environments (A 

and B), with significantly high values in subgroups fed with highly algal doses (T3 and 

T4). The same results appeared after A. hydrophila infection, indicating the powelful 

effect of P.pavonica alga on the oxidative biomarkers that were not affected by the 

pathogenic bacteria. According to the results, GSH has the ability to attack cellular ROS 

(reactive oxygen species) and produce a co-factor for GPx in a reduction reaction 

(Backos et al., 2012). GSH levels did not show either an increase or a decrease during the 

previous studies; a finding which matches with that of Tang et al. (2019) detected  

decreasing levels of the intestinal GSH in 3 and 12h post-infection; however, an increase 

was recorded in the intestinal GSH levels in 6 and 48h post-infection in common carp 

(Cyprinus carpio) after challenging with A.hydrophila. In this respect, Vinosha et al. 

(2020) reported a decrease in the hepatic GSH levels in Nile tilapia after infection. It is 

worthy to mention that, the GSH values could vary due to different factors, such as fish 

species, bacterial species and the immunenhancer substances included in the fish meal. 

          As observed in the results, lysozyme enzyme levels in both experimental groups of 

A and B showed a significant increase in subgroups of T3 and T4, compared to the 

control subgroups. This points out the immunestimulant effect of P.pavonica brown algae 

on such subgroups. Swain et al. (2006) reported that, the immunostimulants are naturally 

occurring compounds that acts on the non-specific defence mechanisms or the specific 
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immune reactions of the host to handle pathogens. Lysozyme activity usually changes 

according to the type of immunostimulants to which fish are exposed, and thus the 

increase in lysozyme following immunostimalation has been detected in different fish 

species, and this finding is related to increase in the protection against pathogens 

(Saurabh & Sahoo, 2008). On the other hand, lysozyme enzyme activity after being 

challenged with A. hydrophila bacteria was significantly reduced in T4 subgroup of A 

and B environments when compared to control subgroup. This may indicate the exhusion 

of lysozyme in facing A.hydrophila infection. This opinion agrees with that of Lie et al. 

(1989) who explained that, the reduction in lysozyme levels measured in Atlantic salmon 

diseased with 'Hitra-disease' or cold-water vibriosis results from increasing susceptibility 

to the disease as postmortem degradation of the lysozyme levels. The present results 

suggested that, the maximum lysozyme activity recorded in both environments of A and 

B before challenge test in subgroup T4 seems to be optimum in immunostimulation and 

reduction of mortality, which decreases for the same subgroup after bacterial infection, 

subsided with an increasing mortality rate among subgroups.  

          Histopathological changes between the control and treated subgroups in both 

environments showed no significant changes between them due to the moderate to mild 

effect of the brown algae (Padina pavonica) on the internal organs (intestine, liver and 

spleen). This result agrees with that of Hussein (2017), who found no histopathological 

changes between control and treated groups in the liver and/or intestine samples of O. 

niloticus fed seaweed Taonia atomaria supplementation. 

         From the previous studies, the most effective bacterial species was A. hydrophila, 

because it is one of the most prevalent species of fish populations causing septicemic 

disorders (Sandeep, 2016). The decreased mortality rate in both environment after 

feeding with P.pavonica alga can be due to the increase in the immune responses against 

the pathogenic bacteria. This finding concurs wih that of Das et al. (2015) who noticed an 

increasing disease resistance against A. hydrophila after feeding on the natural leaf 

extract of Ocimum sanctum in two different fishes Oreochromis mossambicus and Labeo 

rohita. Furthermore, Padina gymnospora significantly decreased the mortality rate of C. 

carpio after being challenged with A. hydrophila and E. tarda (Rajendran et al., 2016). 

 

CONCLUSION 

 

       

        Given the recorded results, it can be deduced that, using brown alga P. pavonica as a 

fish meal in aquacultures at the recommended dose (8.0 g/kg food) increases fish 

productivity while improving immunity and defence against pathogenic bacteria A. 

hydrophila. 
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