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INTRODUCTION  

 Antimicrobial resistance (AMR) phenomenon represents a great challenge for 

microbial disease treatment (Karunasagar et al., 1994), which has prompted many 

governments to establish maximum residue levels (MRLs) for aquaculture products 
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Misuse of antibiotics in fish aquaculture causes antimicrobial resistance (AMR), 

which lowers the efficacy of antibiotic treatment. The prevalence of antibiotic 

residues in animal products poses a concern to the general public's health. An 

additional concern is the horizontal transfer of resistance determinants from 

aquatic bacteria to the human pathogen. This study aims to combat multidrug 

resistance by including compounds with antimicrobial activity and low risk of 

developing antimicrobial resistance. Ulva algae were collected from the Egyptian 

aquatic environment (Mediterranean Sea) and subjected to chemical analysis of 

major components. The antibacterial activity of extracted fatty acids and 

polysaccharides was evaluated in vitro. The results revealed that the whole fatty 

acid extract exhibited antibacterial effects, primarily against Gram-negative 

bacterial strains (Aeromonas hydrophila, Shewanella spp., Proteus vulgaris, and 

Escherichia coli). However, no antibacterial activity was observed against the 

tested Gram-positive strains (Enterococcus faecalis and Staphylococcus aureus). 

In contrast, the extracted polysaccharides showed no detectable antibacterial 

activity against any of the tested bacterial strains. A follow-up in vivo 

investigation was carried out with 120 healthy Oreochromis niloticus (70 ± 5g) 

split up into four groups (n=30 each). For four weeks, fish in the experimental 

group were given a diet enhanced with whole Ulva algae (1g/ kg feed). After the 

feeding period, A. hydrophila (0.1mL of 1×10⁷ CFU/mL) was injected 

intraperitoneally to the challenge groups. The Ulva-supplemented groups 

exhibited a significantly lower mortality rate (30%) compared to the infected 

control group which recorded 80% mortality. Liver and kidney function markers, 

lipid profile, and tissue antioxidant parameters were assessed. Improved 

antioxidant status was indicated by biochemical analysis, which showed lower 

MDA levels and higher levels of CAT and GSH in the liver and kidney tissues. 
Ulva-treated groups showed improvements in hepatic and renal tissues as 

determined by histological analyses of the liver, kidney, and spleen.  
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(FAO, 2002). The WHO established the “One Health” approach aimed to tackle 

antimicrobial resistance (AMR) with the United Nations’ Sustainable Development Goals 

for 2030 for human, terrestrial, and aquatic animals, food and feed, plants and crops 

(WHO, 2020).  

 The marine environment is seen as a source of new bioactive compounds and 

represents a high ecological richness (Srinivasan et al., 2021). As photosynthetic 

creatures, macro-algae may help maintain the maritime environment. They contain a wide 

range of bioactive substances, including proteins, lipids, vitamins, minerals, 

polysaccharides, macrolides, polyphenols, and fatty acids (Manivasagan et al., 2014). 

    Antimicrobial substances derived from marine organisms and medicinal plants, such as 

phenolics, steroidal glycosids (Hemaiswarya et al., 2008), carbohydrates (Pasdaran & 

Hamedi, 2017), terpenoids, alkaloids, sulfur-containing compounds, and fatty acids 

(Yoon et al., 2018; Khameneh et al., 2019), with the advantages of other primary and 

secondary metabolites, are acknowledged as "generally recognized as safe" (GRAS), 

meaning that there is little possibility of AMR triggering (Stefanović, 2018). 

    Natural products that have therapeutic or protective antibacterial effects generally have 

a non-specific mode of action; they can improve fish gut health and nutrient absorption 

by promoting the growth of beneficial bacteria and/or inhibiting the proliferation of 

harmful bacteria, improving the innate immune response, modifying the expression of 

cytokines, enhancing antioxidant capacity, and/or increasing disease resistance (Siddik et 

al., 2023). As a result, natural items are utilized as feed additives instead of 

pharmaceuticals.  

    Dietary supplementation with yeast culture (Bu et al., 2019) and Lagnaria breviflora 

leaves extract enhances immunological response and antioxidant ability to strengthen 

catfish's resistance to A. hydrophila infection (Hou et al., 2022; Paray et al., 2024). 

Similar effects were recorded in juvenile gibel carp and the Nile tilapia (Abdel-Wahab et 

al., 2021) against A. hydrophila infection. 

    Phlorotannins, fatty acids, polysaccharides, peptides, terpenes, polyacetylenes, sterols, 

indole alkaloids, aromatic organic acids, shikimic acid, polyketides, hydroquinones, 

alcohols, aldehydes, ketones, halogenated furanones, alkanes, and alkenes are among the 

secondary metabolites of marine algae with varying pigmentations (red, brown, and 

green). The mode of action of some of these compounds is still being studied (Shannon 

& Abu-Ghannam, 2016). 

    Both biotic and abiotic environmental factors contribute to the large range of chemical 

compositions found in the secondary metabolites of algae. Therefore, the defensive 

mechanism of the algae against its sheltering polluted environment and its endeavor to 
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protect its persistence were credited with the antibacterial function of certain marine 

macro algae (Ismail et al., 2018).  

    Ulva algae crude extract revealed a stronger anti-bacterial effect than standard 

streptomycin against MRSA (Gerstel et al., 2018).  

    An opportunistic pathogen rod-shaped and Gram-negative is A. hydrophila. It is 

commonly found in aquatic habitats and can cause serious illnesses in fish, including 

septicemia, ulcerative disorders, and fin rot (Janda & Abbott, 2010; Sherif & Kassab, 

2023).  Multiple antibiotic resistance in A. hydrophila has made treating fish infections 

more difficult. Numerous studies reported high levels of resistance to common 

antibiotics, including ampicillin, tetracycline, and chloramphenicol (Ayoub et al., 2024; 

Sitteen et al., 2024).  Infections caused by A. hydrophila in the Nile tilapia can result in 

high mortality rates, which can impact aquaculture operations' economic viability and 

productivity (Anantasuk et al., 2024).  

 The study distinguishes that Ulva alga (green algae) could be safely added to the diet 

feed for fish, and this provides O. niloticus with strong protection against A. hydrophila 

infection.  

MATERIALS AND METHODS  

 

  Biosafety measures: This study followed the biosafety measures according to pathogen 

safety data sheets: Infectious substances Aeromonas hydrophila, Pathogen Regulation 

Directorate (Public Health Agency of Canada, 2019).  

1. Ulva algae: Algae were collected from the Mediterranean Sea beaches in Alexandria 

Governorate. 

2. Chemical analysis  

Chemical analysis of the major components of Ulva algae revealed the following: ash 

content (AOAC 962.09, 2015), protein content (AOAC 930.15, 2015), carbohydrate 

content (calculated mathematically), crude fiber (AOAC 2003.05, 2015), moisture 

content (AOAC 942.05, 2015), and fat content (AOAC 2001.11, 2015). 

2.1. Total fatty acids extraction  

    Dried Ulva algae were ground, and fatty acids were collectively extracted according to 

Jiang et al. (2013). 

 

 



1690 
Alkalamawey et al., 2025 

2.2. Polysaccharide extraction 

    Water-soluble polysaccharides were extracted from Ulva algae following the method 

described by Phomkaivon et al. (2024). Deionized water was added to the algae biomass, 

which was then incubated in a water bath with hand stirring every ten minutes. To extract 

the soluble polysaccharides, the mixture was centrifuged for 20 minutes at 3660×g 

following the extraction period. The water-soluble polysaccharides that were gathered 

were further examined. 

3. Anti-bacterial effect of Ulva algae against bacterial pathogens 

  3.1. In vitro investigation  

   100ml of TSA media plates and broth of various bacterial strains (0.5 Standard 

MaFarland) contained 0.1, 0.5, and 1 ml of fatty acids, polysaccharide extracts, and crude 

algae separately. These strains included Gram-positive (Enterococcus faecalis, 

Staphylococcus aureus) and Gram-negative (E. coli, Proteus vulgaris, Shawnella, A. 

veronii, and A. hydrophila) bacteria. The broth and plates were incubated for 24 hours at 

25°C. 

3.2. In vivo investigation 

3.2.1. Experimental design: 

     A total of 130 apparently healthy O. niloticus (70 ± 5g b.w.) were acquired from a 

private fish farm in Elfayom Governorate that had no disease records. The fish were then 

moved with an oxygen supply to the Fish Disease Department, wet lab unit, AHRI 

(Dokki). Throughout the experiment, the water's physicochemical characteristics stayed 

within the ideal range.  A commercial meal comprising 30–35% crude protein per day at 

3% body weight was fed to the fish, according to the method implemented by Eurell et 

al. (1978). 

     The fish meal (in pellet form) was carefully soaked and thoroughly mixed until a paste 

was created. The consistency of the feed was then improved by adding the gelatin (Canal 

AquaCure, Egypt) to the feed paste/Ulva algae mixture. After allowing this mixture to 

dry at room temperature, it was then cut into uniformly small pieces. 

    Ten randomly chosen fish were subjected to a bacteriological investigation following 

two weeks of acclimation to guarantee pathogen-free conditions. Each of the four groups 

of fish had three replicates: 

G1 (Control normal): O. niloticus fed on Ulva algea diet free (commercial diet 0.3% of 

fish body weight) 3 times daily. 
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G2 (Control challenged): O. niloticus fed on commercial diet for 4 weeks before 

challenged with I/P injection by a dose of 0.1ml (1X107 cfu) (Brooks, et al., 20215) 

A.hydrophila strain (obtained from AHRI and submitted to the GenBank database under 

accession no. OL771444). 

G3 (Algae control): O. niloticus fed on a diet containing Ulva algea at a concentration of 

1g/ kg.  

G4 (Algae/challenged group): O. niloticus fed on a diet containing Ulva algea at a 

concentration of 1g/kg for 4 weeks, followed by challenge with I/P injection by dose 

0.1ml (1X107 cfu) A. hydrophila. A week after the challenge, clinical symptoms and 

morbidities were documented (Schaperclaus, 1992). A. hydrophila was confirmed to be 

present in the isolates using bacterial re-isolation from challenged groups using 

Diagnostics SRO GN24 (www.diagnostics.sk), following the manner described by 

Austin and Austin (2016) 

The number of dead fish was recorded, and the mortality rate during a specific period 

(MR) was measured using the following equation: MR (%) = number of deaths ∕ total fish 

number × 100  

 3.2.2. Biochemical analysis: 

    Fish were anesthetized within 60s using 50mg/ L MS222(tricaine methanesulfonate). 

Blood samples were collected from all groups at the end of the experimental period to get 

sera. 

3.2.2.1. Serum parameters:  

    Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were measured 

according to the method described by Reitman and Frankel (1975) and Young (1997), 

total protein and albumin were measured according to Tietz (1994), and by deducting the 

amount of albumin from the amount of total proteins, the mathematical level of globulin 

was determined. Serum urea and creatinine levels were quantitatively estimated 

according to Wybenga (1971) and Tietz (1986), respectively.  

3.2.2.2. Liver and kidney tissues:  

   Reduced glutathione )GSH) level was determined by a method described by Beutler et 

al. (1963); malon-di-aldehyde (MDA) was estimated by Satoh (1978) method, and 

catalase (CAT) was measured according to Aebi (1984). Total cholesterol (TC) was 

estimated according to Watson (1960); triglyceride (TG) was measured by Wahlefeld 

(1974); high-density lipoprotein (HDL) was evaluated according to Peace and Kaplan 

(1987); and low-density lipoprotein (LDL) was evaluated in accordance with the study of 

Young (1995). 

https://researcherslinks.com/current-issues/Hepato-Renal-Protective-Effect-Origanum-Majorana-against-Adverse/33/1/5079/html#_idTextAnchor108
https://researcherslinks.com/current-issues/Hepato-Renal-Protective-Effect-Origanum-Majorana-against-Adverse/33/1/5079/html#_idTextAnchor105
https://researcherslinks.com/current-issues/Hepato-Renal-Protective-Effect-Origanum-Majorana-against-Adverse/33/1/5079/html#_idTextAnchor105
https://researcherslinks.com/current-issues/Hepato-Renal-Protective-Effect-Origanum-Majorana-against-Adverse/33/1/5079/html#_idTextAnchor073
https://researcherslinks.com/current-issues/Hepato-Renal-Protective-Effect-Origanum-Majorana-against-Adverse/33/1/5079/html#_idTextAnchor073
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3.3. Histopathological examination  

   Samples were taken from the kidneys, spleen, and liver at the conclusion of the 

experiment. Sections of formalin-fixed paraffin embedded were regularly prepared for 

H&E staining using the techniques outlined by Suvarna et al. (2012).  

4. Statistical analysis 

    The data were presented as mean + SE. One-way ANOVA and Tukey's post- hoc test for 

multiple group comparisons were used to examine the data using the statistical software program 

SPSS for Windows (version 21.0; SPSS Inc., Chicago, IL, USA). P≤0.05 was used to determine 

that the differences were statistically significant. 

RESULTS  

1. Chemical analysis of Ulva alga 

    Ulva alga employed in this experiment had the following chemical composition: 52% 

ash, 13.4% protein, 13% carbohydrate, 12% crude fiber, 6% moisture, and 2.7% fat. 

2. Anti-bacterial effect of Ulva algae against bacterial pathogens   

2.1 In vitro 

    Gram-negative bacterial growth was shown to be inhibited by the extraction of 1.0ml  

fatty acids and 0.1g of crude algae (Figs. 1, 2), with antibacterial activity against A. 

hydrophila in comparison to crude algae. Polysaccharides extraction did not exhibit an 

anti-bacterial effect against any of the investigated bacterial pathogens.  

 

Fig. 1. Antibacterial effect of Ulva algae fatty acids extraction or crude algae on some Gram-negative 

bacterial broth 

Fig. 2. Antibacterial effect of Ulva algae detected on Aeromonas spp, meanwhile no antibacterial effect was 

detected on Gram-positive strains on TSA media 

 

Fig. 2 
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2.2. In vivo  

 Following challenge with A. hydrophila (G2), morphological lesions of O. niloticus 

groups revealed significant congestion, bleeding at the operculum, and widespread skin 

ulceration with hemorrhagic boundaries (Fig. 3a). All internal organs were shown to be 

congested in the challenged group (G2) postmortem (Fig. 3b). Algae-fed/challenged 

group (G4) showed slight body color darkness, some hemorrhages over the head (Fig. 

3c), and congestion of internal organs (Fig. 3d) 

.

 

Fig. 3. O. niloticus experimentally injected with A.hydrophila (G2); showing hemorrhagic ulcer 

with loss of scales all over the body (a);  darkness spleen(blue arrow) , congested liver (yellow 

arrow) and severely congested kidney (red arrow) (b) 

G4(Algae fed/challenged group) showing, slight body darkness (c); congestion of liver (blue 

arrow) and kidney (red arrow) (d). 

The morbidity rate began on the third day after the A. hydrophila challenge infection; in 

G2, it was 25/30-83.3 percent, and in G4, it was estimated to be 14/30-46.6 percent, and 

it manifested one week after the challenge. In G4, the mortality rate was 9/30-30%, 

whereas in G2, it was 24/30-80%. 

 Using the standard biochemical and diagnostic kit SRO GN24, A. hydrophila was 

re-isolated from the liver and kidney of morbidity and recently deceased fish (G2 and 

G4). The results showed that the fish were G-ve, oxidase positive, motile short rods, 

using citrate, hydrolyzing urea, and fermenting glucose, sucrose, and mannitol—all of 

which are characteristics of A. hydrophila. 
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3. Chemical parameters 

    While there were no discernible variations in urea and creatinine levels across all 

experimental groups, A. hydrophila infection markedly raised AST and ALT serum levels 

in G2 when compared to groups 1, 3, and 4 (Fig. 4). Significantly higher levels of LDL 

cholesterol, triglycerides, and cholesterol were seen in G2, while HDL and cholesterol 

levels were significantly lower in G2 compared to groups 1, 3, and 4 (Fig. 5). 

Significantly more globulin and lower albumin were detected in G2 compared to groups 

1, 3, and 4. Total protein levels in each of the experimental groups did not differ 

significantly (Fig. 6). Comparing G2 to groups 1, 3, and 4, there was a large increase in 

MDA and a significant drop in GSH and CAT (Fig. 7). Significantly higher MDA and 

significantly lower GSH and CAT were recorded in G2 compared to groups 1, 3, and 4 

(Fig. 8).  

 

Fig. 4. Experimental impact of Ulva algae and/or A. hydrophila on AST, ALT, urea, and 

Creatinine in serum   of O.niloticus groups   

(n=3)
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Fig. 7. Experimental impact of Ulva algae and/or A. hydrophila on MDA( nmol/g), GSH(nmol/g), 

and CAT(µg/g) in the liver  of O.niloticus groups (n=3) 
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Fig. 8. Experimental impact of Ulva algae and/or A. hydrophila on MDA(nmol/g), GSH(nmol/g), 

and CAT(µg/g) in kidneys of  O.niloticus groups (n=3) 

. 

4. Histopathological investigation 

 In G1 and G3, we found normal histological architectures in the kidneys, liver, 

and spleen. The G4 group had normal renal histology but noticeable hepatic sinusoidal 

congestion and splenic parenchymal destruction. In addition to hepato-pancreatic 

exocrine cell necrosis, G2 showed significant hydropic degeneration of hepatocytes with 

foci of necrosis linked to inflammatory cell infiltration. There have been reports of 
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Bowman's gap dilatation and significant deterioration of the tubular lining epithelia. 

Melano-macrophage centers and lymphocytic concentration were significantly reduced in 

the spleen. G3's normal histological state may serve as a gauge of the food ration's safe 

dosage. 

 

 

Fig. 9. Hepatic parenchyma reveal normal histological criteria in normal control (a) and 

algae feed (c) groups.   A.hydrophila infected group revealed necrosis of hepato-pancreas 

, vacuolar degeneration of hepatocytes and foci of hepatocytes necrosis  associated with 

inflammatory cells infiltration (truncated arrow) (b). Algae feed/challenged group 

showed marked congestion of hepatic sinusoids (thin arrows) (d).                                                                                                                                                 

H&E X 400 
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Fig. 10. Renal parenchyma reveal normal histological criteria in normal control (a), algae 

feed (c) and algae feed/challenged (d) groups. A.hydrophila infected (b) group showing 

hydropic degeneration of tubular lining epithelia with interstitial inflammatory cells 

infiltration (arrows) with marked dilation of bowman’s space (asterisks).   H&E X 400 
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Fig. 11. Splenic parenchyma with red and white ellipsoids is detected in normal control 

(a), algae feed (c) and Algae- feed/challenged (d) groups. Depletion of lymphocytic 

content with deposition of fibrin and protein material is detected in A.hydrophilla  

infected (b) and algae feed/challenged groups. Well-developed melano-macrophage 

centers are noticed in all groups. H&E X 400 

DISCUSSION 

 

 Our results showed that the algae feed group had a normal histological status, 

which may be a sign of Ulva algae's safety profile. 

    Investigating the potential synergistic effect of marine-derived antimicrobial drugs 

with already-existing ones is another trend driven by the growing risk of multidrug 

resistance (MDR), which forces the globe to search for and develop natural and effective 

antimicrobial agents (Cheung et al., 2014). Very few researchers have studied Egyptian 

antibacterial agents of marine origin (Shanab et al., 2007; El Baroty et al., 2011; El Baz 

et al., 2013; El Shafay et al., 2016;  Abdellatief et al., 2019). 

    The challenged O. niloticus group in this study displayed outward symptoms that were 

typical of hemorrhagic septicemia (Abdelsalam et al., 2021; Bakiyev et al., 2022; 

Farouk et al., 2023). There were indications of decline during the postmortem 

examination, including an enlarged liver and internal organ congestion (Austin & 

Austin, 2016; Aboyadak et al., 2017; Hamouda et al., 2019), whereas the Ulva-treated 



1700 
Alkalamawey et al., 2025 

group and the A. hydrophila-challenged group displayed mild signs of congestion and a 

low mortality rate. 

  In the in vitro study, Ulva algae were recorded with no effectiveness on Gram-positive 

bacteria, while Habbu et al. (2016) upon investigating the antimicrobial properties of 

both the green algae Ulva lactuca, its associated endophytic bacteria had effectiveness 

against Bacillus subtilis and Enterococcus faecalis (Gram-positive). El Shoubaky and 

Salem (2014) stated that there was no inhibitory impact of the fatty acid extract of 

Padina pavonica (brown algae) on S. aureus and E. coli. Ahmed et al. (2023) tested the 

fatty acid brown macroalgae extracts and recorded the highest antimicrobial activities 

against Candida albicans, S. aureus, and B.subtilis compared to the crude macroalgal 

extracts.  

  Eminently, bacterial toxins are responsible for the increased ALT and AST levels in G2, 

which lead to oxidative stress causing damage to the liver and muscles, as reported by El-

Barbary (2017), and in accordance with our histopathological findings. The antioxidant 

properties of the omega-3 fatty acids found in Ulva algae may be the cause of the notable 

drop in ALT and AST levels in G4 as opposed to G2, as noted by Sheikhzadehn et al. 

(2024). 

  Systemic inflammation brought on by A. hydrophila infection changes lipid metabolism, 

which may cause the liver to create too many triglycerides as part of the acute-phase 

reaction (Zhai et al., 2023). This could explain the elevated triglyceride levels in G2 

compared to G1, which is consistent with the findings of Dias et al. (2023) in Arapaima 

gigas challenged with A. hydrophila. 

  In general, elevated blood cholesterol is linked to a faster rate of lipid metabolism in 

bodily tissues, especially during stressful situations, as explained by Üner (2006). This 

explains the rise in cholesterol levels in G2 compared to G1. Nonetheless, in G4, 

cholesterol levels returned to almost normal levels, similar to G1. Ulva algae's 

contribution to the restoration of normal metabolic rates may be the cause of this 

improvement, as previously mentioned by Abd-Eldaim et al. (2020). 

   Triglyceride levels in G4 were lower than those recorded in G2 after feeding Ulva 

algae, which may be explained by the algae's modulatory effect on lipid metabolism. This 

finding aligns with the results of de Assis et al. (2020), who studied the effect of Aloe 

vera on Piaractus mesopotamicus, and Wu et al. (2023), who investigated the effects of 

probiotic feeding in Cyprinus carpio, Haematopterus. 

   G2 has a lower albumin level than G1, which is explained by liver injury. Such damage 

impairs the liver's ability to produce albumin, leading to reduced serum levels (El-

Barbary, 2017). However, compared to G2, Ulva algae dramatically raised the albumin 
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serum levels in G3 and G4. This result is consistent with the findings of Abdel-Daim et 

al. (2020) and Youssef (2023), who observed similar effects when feeding Spirulina 

platensis. Since blood albumin is commonly used as an indicator of humoral immunity 

(Alexander, 2011), Ulva algae can be considered an immunostimulant. 

  As part of the immune system's reaction to fight the illness, infections usually cause an 

increase in particular globulin types, particularly immunoglobulins (John & Pratt, 

2018). Therefore, infection with A. hydrophila is expected to cause an elevation in 

globulin levels in G2 compared to G1. Furthermore, globulin levels in G4 appeared to be 

considerably lower than in G2 due to Ulva algae's antimicrobial properties. This finding 

aligns with the results of Sattanathan et al. (2022) in Labeo rohita. 

  Biological systems need endogenous antioxidants like CAT and GSH to defend 

themselves against oxidative stress (Baldissera et al., 2017). In line with histological 

findings, our investigation demonstrated that the hepatic and renal CAT and GSH activity 

was much lower in G2 compared to G1, and that the activity was restored in G4 to a 

nearly normal level. According to the majority of published research, elevated levels of 

malondialdehyde (MDA) in the liver and kidneys are indicative of oxidative stress and 

may indicate infection-related oxidative damage (Bandeira Junior & Baldisserotto, 

2021). For instance, A. hydrophila infection in the silver catfish has been shown to 

elevate hepatic MDA levels (Baldissera et al., 2017). Likewise, in our investigation, 

MDA levels in G2 were significantly higher than in G1, although MDA levels in G4 were 

significantly lower and closer to normal. The antioxidant qualities of Ulva algae may be 

responsible for the noted increases in CAT, GSH, and MDA levels in G4, as previously 

reported by Akbary and Aminikhoei (2018). 

  Our findings are in partial consistency with Baumgartner et al. (2017), who described 

the spleen as one of the primary organs impacted by (motile) A. hydrophila, with lesions 

primarily consisting of necrotic alterations, such as necrosis of ellipsoids and necrotic 

debris combined with fibrin and amorphous protein. Both the A.hydrophila-infected and 

the algae-feed/challenged groups exhibited these characteristics. 

  Renal changes in A.hydrophila group showed severe degenerative changes of tubular 

lining epithelia, collapsing of renal glomeruli, and dilation of Bowman’s spaces; this is 

consistent with Baumgartner et al. (2017) and Mazumder et al. (2021). Our hepatic 

findings of necrosis and inflammatory cell infiltration were also recorded by 

Baumgrtner et al. (2017). The liver is not the primary target of A. hydrophila in the few 

cases that have been studied.  

   Petit et al. (2023) examined the immune-modulating properties of green and red 

macroalgal crude extract, attributing this to its higher concentration of marine sulphated 

polysaccharides. The Nile tilapia and rainbow trout showed comparatively significant 

https://enviromicro-journals.onlinelibrary.wiley.com/doi/full/10.1111/jam.14986#jam14986-bib-0008
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reactive oxygen species (ROS) potential using head kidney leukocytes as a model for 

immune response estimation, with indications for fish species-specific differences in the 

impacts of marine sulphated polysaccharide-rich extracts. 

    Algal fatty acids' antibacterial properties were ascribed to their lytic effect on the 

bacterial cell wall, which inhibits electron transport and oxidative phosphorylation of the 

bacterial cell membrane, resulting in ATP transfer. This is followed by an inhibition of 

bacterial enzymatic activities, primarily for the synthesis of fatty acids in the bacterial 

cell wall, which causes bacterial cell perforation and cell degradation (Čermáket et al., 

2015), which could explain the predominant anti-bacterial effect of G-ve bacteria than 

G+ve bacteria due to low lipid content and hence more sensitivity for its modulation in 

G-ve bacteria strains. 

  Long-chain polyunsaturated fatty acids are responsible for the antibacterial properties of 

macro-algae fatty acids, such as oleic (Alamsjah et al., 2007) and linoleic (Stabili et al., 

2014) fatty acids. Those acids have been recorded with antibacterial effect through 

inhibition of bacterial fatty acids synthesis and consequently affecting bacterial external 

membrane permeability (Balcázar et al., 2007). 

  The marine algae components of polysaccharides that enhance the hepatic status of 

some illnesses, such as hepatic steatosis and ballooning, may be responsible for the 

improvement in hepatic degenerative changes shown in our study (Zhang et al., 2021) 

mediated by increasing hydrogen sulfide production and subsequent reduction of serum 

glycerol level (Ren et al., 2018). By enhancing the conversion of cholesterol to bile acids 

and decreasing the reabsorption of bile acids, marine polysaccharides lower the hepatic 

level of lipids (Pengzhan et al., 2003; Ma et al., 2022). Higher levels of GSH and the 

antioxidant enzymes GST, GPx, and CAT were linked to the protective action of ulvan 

polysaccharides, which was demonstrated by decreased lipid peroxides (Monga et al., 

2011). The gut microbiota ferments macroalgal polysaccharides, which are difficult to 

digest, and produces short-chain fatty acids that have the advantage of lowering hepatic 

lipid synthesis and the liver fatty acid synthase process (Den Besten et al., 2015). 

  Polysaccharide of Ulva lactuca has an immune-regulatory activity as stated by Zhao et 

al. (2020), with upregulation of IgM. In addition, Ulva polysaccharides revealed 

significant stimulatory effects on various immunocytes, such as T cells, B cells, 

macrophages, and natural killer cells (Son et al., 2024) mediated by induction of 

significant amounts of NO and cytokines, suggesting their strong immune-stimulant 

effect (Tabarsa et al., 2012). The growth of melano-macrophage centers in the liver and 

spleen may be explained by these findings. 

  Melanomacrophage centers (MMCs) are groups of phagocytic cells that can produce 

melanin in addition to storing hemosiderin and lipofuscin pigment granules. 



1703 
Ulva alga Mitigates Aeromonas hydrophila Infection  in Oreochromis niloticus 

 

 

Melanomacrophages are the follicular dendritic cells, and MMCs are the germinal 

centers. They are primarily found in the stroma of lymphoid and hematopoietic tissues, 

including the liver, spleen, and kidney, and they have defense mechanisms mediated by 

the innate and adaptive immune response (Stosik et al., 2019). Other suggestions have 

been asuumed for melanomacrophages to be resembled to Kupffer cells in mammalian 

liver (SmedsrØd, et al., 1985). 

  The extent and amount of melano-macrophage centers, which typically contain a variety 

of pigments, including melanins, increase in older fish and/or when cachectic illness is 

present. Chronic infections may arise from resistant intracellular bacteria that are focally 

deposited in melano-macrophage centers. Although iron capture and storage seem to be 

the main functions in hemolytic diseases, other functions that have been described 

include antigen presentation and trapping to lymphocytes, sequestration of cellular 

degradation products, and potentially toxic tissue materials like melanin, free radicals, 

and catabolic breakdown products. Likewise, it represents a marker for environmental 

stress (Agius & Roberts, 2003). The MMC, with phagocytic cellular content, contains 

several types of intracellular pigments: lipofuscin, hemosiderin, and melanin. Because 

melanin has antioxidant properties and scavenges free radicals, it shields surrounding 

tissue from oxidative stress (Scalia et al., 1988) in addition to immune defense function 

(Mackintosh, 2001). Therefore, melano-macrophage center expansion in A. hydrophila-

infected, algae-fed, and challenged groups may be a sign of immune modulation, either as 

a result of infection or as an outcome of algae immune stimulation. Gao et al. (2019) 

further supported these findings by examining the immunomodulatory properties of 

sulfated polysaccharide and polysaccharide iron (III) complex and documenting their 

stimulation of macrophage activity and lymphocyte proliferation. 

  Marine algae have often been described as prebiotics with functional dietary elements 

that support healthy immunological and gastrointestinal function (Shannon et al., 2022) 

and inhibit pathogenic microorganisms (Pung et al., 2022).  

  Regarding renal findings, our study detected noticeable improvement in the renal 

histological status. Yang et al. (2021) examined Ulva lactuca polysaccharide extract's 

(UPE) potential to mitigate oxidative stress-induced kidney damage. They suggest that 

UPE may be used as a treatment for kidney damage due to its antioxidant properties. The 

amount of Ulva algae extract in the diet has been recorded with an impact on the 

upregulation of immune response mediators (TNF-α, NFκ-B, SOD, and COXII) and 

antioxidants (Abo-Raya et al., 2023).  

. 

CONCLUSION 

     The study findings stated that whole Ulva algae added to the diet at a rate of 1g/ kg 

feed for four weeks is safe and significantly protects O. niloticus from being infected by 
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A. hydrophila. Improved antioxidant defences, maintained liver and renal function, and 

decreased mortality are most likely the mechanisms underlying the protective effect. This 

search reveals that whole marine Ulva algae are safe and have antimicrobial protective 

properties. This is mostly due to their high fatty acid content, which makes them easily 

usable in fish aquaculture. 
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