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ABSTRACT

The overuse of antibiotics and synthetic  feed additives in aquaculture involves risks to fish health and the environment.

Finding natural alternatives to synthetic materials is critical for sustainable aquaculture enterprises. The present study 

was conducted to investigate the effects of Seaweed-Derived Feed Additives (Aschomax) supplementation with dif-

ferent concentrations (0%, 1%, 2%, and 3%) on growth, feed utilization, immunological parameters, and blood bio-

chemical  indices  of  common  carp  (Cyprinus  carpio)  over  a  60-day  feeding  period.  The  results  demonstrated  
that growth performance parameters were significantly enhanced in fish fed with 2% Aschomax supplementation. 

Moreo-ver,  immunological  parameters  were  markedly  improved  across  all  Aschomax-supplemented  groups,  with  
the  2%inclusion  level  showing  superior  results.  This  was  evidenced  by  significantly  elevated  levels  of  
Myeloperoxidase(MOP:  0.59%),  Nitroblue  tetrazolium  (NBT)  activity  (38.5%),  and  lysozyme  activity  (37.8  
U/mL),  indicating  en-hanced non-specific immune responses. Furthermore, 2%  of Aschomax demonstrated the most 

favorable lipid profile,characterized by reduced total cholesterol (TC) (140.21 mg/100 ml) and triglycerides (TG) 

(75.23 mg/100 ml), along-side elevated high-density lipoprotein (HDL) (93.60 mg/100 ml) and reduced low density

lipoprotein (LDL) (50.54 mg/100 ml) levels. Notably, liver enzyme activities (ALP, ALT, and AST) remained 

unchanged across all treatments.

These findings suggest that Aschomax supplementation at 2% effectively enhanced growth performance and stimu-

lates the immune system of  C. carpio. The alteration in blood biochemical parameters suggests improved 

metabolic efficiency and overall health status.
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1. Introduction 

 

The global population is expected to 

grow significantly and may attain 8.6 bil-

lion by 2030 (UN, 2017). Consequently, the 

demand for food will increase, making sus-

tainable food production a priority. Aqua-

culture is essential for supplying the grow-

ing global need for protein-rich dietary 

sources. The contribution of aquaculture to 

global aquatic food production is expected 

to reach 53% in 2030 (FAO, 2020). In addi-

tion to providing a reliable source of nutri-

tion, aquaculture contributes significantly 

to the global economy, especially in devel-

oping countries, where it is essential for the 

livelihood of millions.  

     Due to increased demand for fish 

meat in Iraq and its scarcity from natural 

sources, intensive carp culture has been 

widespread by earthren ponds and floating 

cages in rivers (Ahmed, 2020).           These 

enterprises face major challenges, such as 

the excessive use of antibiotics and syn-

thetic feed additives to fight fish diseases 

and reduce microbial infections (Aman-

gelsin et al., 2023).         The continuous use 

of antibiotics in aquaculture could lead to 

various hazards with concern to the health 

of cultured fish, consumers, and aquacul-

ture environment. This highlights the need 

to find alternatives to the chemical sub-

stances, antibiotics, and veterinary drugs 

used in fish farming projects to ensure the 

production of food safe for human con-

sumption while preserving an unpolluted 

environment (Ahmed et al., 2023; Al-Tu-

raihi et al., 2023; Aulia et al., 2024). 

     Brown seaweed (Phaeophyceae) are 

rich sources of bioactive compounds with 

great nutritional benefits. The bioactive 

compounds derived from algae and sea-

weed have unique properties, namely, anti-

oxidant, anti-inflammatory, antimicrobial, 

and immunomodulatory effects (Pal et al., 

2014; Li et al., 2021; Matin et al., 2024). For 

this reason, pharmaceutical companies pay 

remarkable attention to extracting the bio-

active substances from seaweed for drug de-

velopment (Pal et al., 2014). Recently, the 

advancement in extraction techniques has 

facilitated the integration of the bioactive 

compounds into drug and food products 

(Ahmed et al., 2024). In aquaculture stud-

ies, the incorporation of 3 and 10% of sea-

weed meal derived from brown seaweeds 

(Laminaria sp., kelp) improved growth met-

rics in Atlantic salmon (Salmo salar) 

(Kamunde et al., 2019). More advantages 

were recorded by Sheikhzadeh et al. )2022) 

who found that dietary brown seaweed 

(Padina australis) supplementation posi-

tively affected the growth of Cyprinus car-

pio and enhanced digestive enzyme activity, 

immunological responses, and disease re-

sistance to bacterial infection. Nazarudin et 

al., (2020) found that the addition of 1.5 and 

3% of brown seaweed (Sargassum polycys-

tum) to the feed of Asian sea bass finger-

lings significantly improved weight gain, 

feed consumption, and quality of fish car-

cass. 

     The present investigation aims to 

evaluate the impact of locally manufactured 

prebiotics (Aschomax, Al-Joud Company, 

Iraq) on the growth performance as well as 

on the immunological parameters, key liver 

enzymes, and lipid profile of C. carpio with 

its potential use in aquaculture as sustaina-

ble alternative to artificial and imported 

feed additive.  
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2. Material and Methods 

 

2.1. Feed preparation 

   

The basic diet contains 22% fish meal, 

25% wheat bran, 20% wheat, 30% soybean, 

2% vegetable oil, and 1% starch (Table 1).  

 

Table 1. Dietary formulation of experi-

mental diets (g/kg) 

T3 T2 T1 Control 
Ingredients 

(g/kg) 

220 220 220 220 Fish meal 
220 230 240 250 Wheat bran  
200 200 200 200 Wheat 
300 300 300 300 Soybean 
20 20 20 20 Vegetable oil 
10 10 10 10 Starch 

30 20 10 0 

Aschomax 

powder  

 

 

Brown seaweeds extract (Aschomax) 

was provided by Al-Joud Company, Kar-

bala province, Iraq, and the other ingredi-

ents were purchased from the local markets. 

The control diet was free of Aschomax sup-

plementation, while other experimental di-

ets were supplemented with various levels 

of Aschomax (1%, 2%, and 3%) and were 

labeled as T1, T2, and T3. The dry ingredi-

ents for each diet were blended with tap wa-

ter (500 mL/ kg) and vegetable oil gradu-

ally. Then, the mixture was made into noo-

dles using an electric meat mincer machine. 

The noodles were dried at room temperature 

and were crushed manually to produce 

small pellets. The dry diets were packed in 

plastic containers and stored in a dry and 

cold place until required. The chemical 

analysis of formulated diets was conducted 

following the Association of Official Ana-

lytical Chemists (AOAC) protocol (AOAC, 

2002). Table 2 shows proximate composi-

tion of experimental diets (%). 

 

Table 2. Proximate composition of experi-

mental diets (%) 

Proximate composition (%) 

2.96 3.24 3.17 2.88 Moisture 

31.24 30.48 31.80 32.56 Protein 

9.23 10.02 9.25 9.11 Lipid 

5.89 5.59 6.02 5.93 Ash 

50.68 51.49 49.24 49.52 Carbohydrate 

 

2.2. Experimental fish and husbandry 

 

The experimental fish (average initial 

weight 55.4 ± 0.59 g) were provided from 

Al-Hartha fish farm, Basrah province. Dur-

ing the two weeks of acclimatization in the 

stock tanks, fish were fed with control diet 

of the current experiment (1% of their body 

weight). The design of the trial was (4 treat-

ments × 3 replicates with 10 fish in each 

tank) in a recirculating plastic tank (100 li-

ters capacity for each tank). During the ex-

periment, fish were fed 3% of their body 

weight twice a day. For growth monitoring 

and feed ratio adjustment, all fish in each 

tank were weighed collectively every 2 

weeks after a 24-hour fasting period. 

Throughout the experiment, temperature 

was maintained at 26.5 ±1.03°C, dissolved 

oxygen 7.10 ±0.45 mg/L, and pH 7.4 ±1.30. 

The nutrition trial was performed in the aq-

uaculture laboratory, Marine Science Cen-

ter, University of Basrah, for 8 weeks. 

 

2.3. Growth parameters calculation 

 

The initial body weight (IBW) of fish in 

each tank was determined at the beginning 

of the trial, while the final body weight 

(FBW) was assessed at the end of the feed-

ing trial. Other parameters, weight gain 

(WG), specific growth rate (SGR), and feed 

conversion ratio (FCR), were calculated as 

follows: 
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“WG = FBW (g) − IBW (g), 

SGR = (ln FBW − ln IBW) /t ×100 

where t = time in days 

FCR = Feed intake (g) /weight gain” 

 

2.4. Estimation of serum lipid profile  

    

At the end of the feeding trial, the exper-

imental fish were subjected to 24 h starva-

tion period and then, 6 fish from each treat-

ment were collected randomly for blood 

collection. Fish were anesthetized with 

Tricaine methanesulfonate (MS-222) from 

Sigma-Aldrich at 0.1 g/L. The whole blood 

from each fish was collected by a medical 

syringe from the caudal vein and placed into 

duplicates of 1.5 ml Eppendorf tubes. The 

tubes were centrifuged at 1500 rpm for 3 

min and the serum samples were removed 

for serum biochemistry analysis. The total 

cholesterol (TC), triglycerides (TG), and 

high-density lipoproteins (HDL) in the se-

rum were measured according to NCHS 

(2006). A Mindray laboratory kit (Mindray 

Medical International Limited, China), and 

a BS-230 device were used for the measure-

ment at a wavelength of 510 nm. The results 

(mg/dL) were calculated using the follow-

ing equation according to NCEP (1994). 

     

 LDL = TC – HDL − (TG / 5). 

 

2.5. Non-specific immune parameters 

    

The nitroblue tetrazolium (NBT) assay 

was carried out according to Siwicki 

(1987). For plasma collection, the whole 

blood was collected in tubes provided with 

EDTA as anticoagulant. 50 μL of plasma 

from each sample was transferred into mi-

cro-calibration tube and incubated at 22 °C 

for 1 hour. After the incubation, the floater 

was removed, and the tubes were washed 

with phosphate buffer saline. Then, 50 μL 

of NBT (0.2%) was mixed with 1 μL/mL of 

phorbol myristate acetate and the mixture 

was incubated for an hour at 22° C. Metha-

nol (100%) was used for cells fixation. 

Later, the tubes were washed by 70% alco-

hol. After drying, 60 μL of potassium hy-

droxide and 70 μL of dimethyl sulfoxide 

were added to dissolve the produced blue 

formazan. The optical density of the solu-

tion was measured by a spectrophotometer 

at 450 nm.  

     The concentration of Myeloperoxidase 

(MOP) in the serum was measured accord-

ing to Quade and Roth (1997), while the ly-

sozyme activity was measured according to 

Siwicki et al. (1994). Briefly, 0.1 of serum 

was added to 1.9 mL of Aeromonas hy-

drophila suspension (0.2 mg/L) in 0.05 mL 

of buffer solution (pH 6.2). The solution 

was incubated at 25°C and the absorbance 

was measured after 0.5 and 5 minutes by a 

spectrophotometer at 450 nm. 

 

2.6. Key liver enzymes 

      

The concentration of three critical en-

zymes, including aspartate aminotransfer-

ase (AST), alanine aminotransferase (ALT), 

and alkaline phosphatase (ALP), was meas-

ured. Blood samples were obtained from 

different fish groups via the caudal vein. 

The whole blood was placed into Eppendorf 

tubes provided with EDTA and the plasma 

was separated by the centrifugation of the 

whole blood for 3 minutes at 1500 rpm. The 

levels of relevant enzymes were measured 

following the instructions provided with 

each kit (Mindray Medical International 

Limited, China). 
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2.7. Statistical analysis  

 

Data was analyzed by one-way analysis 

of variance (ANOVA), SPSS program (ver-

sion 24), at 0.05 significant levels and ex-

pressed as mean ± standard deviation (SD). 

Least significant differences (LSD) were 

performed to evaluate statistical differ-

ences.  

 

3. Results 

 

3.1. Growth performance 

 The growth performance of C. carpio 

fed diet supplemented with the Aschomax 

product over 8 weeks showed significant 

differences among the experimental groups. 

Overall, the inclusion of the Aschomax 

product at the T2 level markedly enhanced 

growth performance and improved feed 

conversion ratio (lower FCR) in C. carpio 

(Table 3). 

3.2. The activity of the nonspecific im-

mune response enzymes 

The supplementation of seaweed-de-

rived additive significantly enhanced im-

mune parameters in C. carpio (Table 3). 

MOP, NBT, and lysozyme activities were 

highest in the T2 group, indicating im-

proved immune responses compared to the 

control and other treatments (Table 4). 

 3.3. Lipid profile parameters  

The effects of different treatments on li-

pid profile parameters are presented in Ta-

ble 4. The results showed significant varia-

tions in TC, TG, HDL, and LDL concentra-

tions across the experimental groups. The 

control group consistently showed the least 

favorable lipid profile, while T2 (2%) was 

the most effective in improving the lipid 

profile in the lowest TC, TG, and LDL lev-

els and the highest HDL levels. 

3.4. Liver enzymes activities 

Supplementation with different levels of 

the algal-derived powder did not signifi-

cantly affect liver enzyme concentrations in 

C. carpio. The ALP, ALT, and AST were 

similar across all treatments, with no signif-

icant differences observed between the con-

trol and experimental group (Table 6). 

 

 

 

 

 

Table 3. Effects of Aschomax on the growth performance of C. carpio after an 8-week feed-

ing trial 

T3 T2 T1 Control Parameters 

55.72±1.82 56.83±1.28 55.65±0.86 55.18±1.58 IBW (g) 

102.03±0.48b 130.48±5.61a 96.22±4.24c 95.78±0.04c FBW (g) 

46.31±2.28b 73.65±4.41a 40.65±3.59c 40.60±1.55c WG (g) 

0.86±0.05b 1.19±0.03a 0.78±0.05c 0.79±0.04c SGR  

3.19±0.21b 2.28±0.10b 3.56±0.32b 3.54±0.18a FCR 

Different letters indicate significant difference (p < 0.05) 
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Table 4. The activity of the nonspecific immune response enzymes in C. carpio at the end of 

the trial 

T3  T2  T1  Control Parameters 

0.37±0.03c 0.59±0.05a 0.43±0.04b 0.14±0.03d MOP% 

30.4±2.84b 38.5±2.64a 32.3±1.15b 21.0±2.11d NBT% 

29.8±1.21b 37.8±1.82a 30.5±1.24b 25.0±1.16c 
Lysozyme activity 

(U/mL)  

Different letters in the same row indicate significant difference at p < 0.05 

 

Table 5. The effect of different levels of Aschomax on lipid profile parameters after an 8- 

week feeding trial 

T3 T2 T1 Control Parameters(mg/dL) 

200.09±2.33c 140.21±2.42a 190.03±2.18b 234.20±2.24d TC 

120.35±1.14c 75.23±2.10a 86.53±1.20b 122.14±2.12d TG 

80.42±2.30c 93.60±2.15a 90.02±1.18b 73.01±2.01d HDL 

63.20±2.25c 50.54±2.20a 59.02±1.12b 70.88±2.54d LDL 

Values with different letters (a, b, c, d) indicate significant differences (p < 0.05) between treatments 

for each parameter, where “a” represents the most favorable outcome (lowest TC, TG, and LDL, and 

highest HDL), while subsequent letters indicate less favorable values. 

 

Table 6. Liver enzymes activities (IU/L) of C. carpio fed diets supplemented with different 

levels of Aschomax for 8 weeks 

Treatments  

T3 T2 T1 Control Enzyme  

63.51±1.11 60.33± 1.28 60.50±1.31 61.21±1.32         ALP 

6.00±0.21 5.20±1.22 5.24±1.43 5.45±1.06 ALT 

38.01±0.11 36.30±1.24 36.41±1.26 37.05±0.94 AST 

  

 

4. Discussion 

 

In the current study, we tested the poten-

tial use of brown seaweed as a natural feed 

additive to enhance growth performance, 

immune responses, biochemical parame-

ters, and lipid profile of C. carpio finger-

lings. The Aschomax product we used (Al-

Joud Company, Karbala, Iraq) is a brown 

seaweed extract, which has been reported to 

be rich in nutritional substances such as li-

pids, peptides, amino acids, fatty acids, and 

minerals (Alloyarova et al., 2024). In this 

investigation, the Aschomax product at 

level 2% has improved growth and feed uti-

lization of C. carpio, which aligns with pre-

vious study of Atlantic salmon (Salmo 

salar) and of largemouth bass (Micropterus 

salmoides), when fish were fed the dietary 

brown seaweed supplementation (Kamunde 

et al., 2019; Shen et al., 2025). The positive 

influence of the Aschomax on the growth of 

C. carpio may be attributed to the high con-

tents of bioactive compounds present in the 

brown seaweed extract (Alloyarova et al., 

2024). It seems that polysaccharides from 

seaweed play a vital role in modulating the 

intestinal microbiota, thereby improving 

growth and fish health (Remya et al., 2022; 
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de Lima et al., 2024). In addition, Alloya-

rova et al. (2024) demonstrated that the bi-

oactive substances in brown seaweed can 

promote digestive enzymes activities and 

thereby improve nutrient absorption and 

feed conversion ratio. These findings are es-

sential to understand the mechanism by 

which the seaweed extract contributes to en-

hance growth and feed utilization of fish. 

Increasing the level of Aschomax more than 

2% in the current study did not yield further 

benefit maybe owing to a reduction in feed-

palatability as previously reported by Ab-

del-Warith et al. (2016). 

MOP is a peroxidase enzyme mainly 

found in neutrophils and plays a key role in 

the immune system by producing hypo-

chlorous acid which is involved in fighting 

pathogens (Buchan et al., 2019). The results 

of our investigation provided evidence of a 

remarkable increase in MOP in the serum of 

C. carpio when fed diets supplemented with 

seaweed-derived prebiotics. The T2 group 

(2% supplementation level) exhibited the 

highest levels of MOP enzyme activity 

compared to control and other treatments. 

The notable enhancement in MOP activity 

observed in the T2 group may result from 

the presence of bioactive substances, such 

as fucoidan, which has been documented to 

possess immune-enhancing properties 

(Yang et al., 2023). Further, the polysaccha-

rides derived from seaweed can enhance the 

immune response by activating the produc-

tion of cytokines and thereby activating im-

mune cells (Leonard et al., 2011). 

The NBT assay is a recognized technique 

for assessing respiratory burst activity in 

fish immune cells. The respiratory burst, or 

oxidative burst, is an essential immune 

mechanism in which immune cells produce 

reactive oxygen species (ROS) as a result of 

microbes’ exposure (Biller-Takahashi et al., 

2013). In our investigation, the elevated 

NBT observed in the T2 group indicated an 

improved respiratory burst activity which 

may result from the presence of sodium al-

ginate in brown algae which is well known 

as immunostimulant agent (Cheng and Yu, 

2013). Our finding supports those reported 

by Thepot et al. (2021) who tested the ef-

fects of eleven seaweed species on the in-

nate-immune response (cellular and hu-

moral immunity) of the rabbitfish (Siganus 

fuscescens) and concluded that dietary sea-

weed supplements can improve the immune 

response of the mentioned fish species. 

Lysozyme is a β-1,4-glycosidase that 

breaks down the polysaccharide backbone 

of bacterial cell walls and thereby contrib-

utes to the host's innate immune response to 

infection (Han et al., 2024). The increased 

lysozyme activity in the T2 group further 

highlights the immunomodulatory effects of 

the Aschomax product. The improvement in 

the innate immune response observed in this 

study aligned with findings from studies on 

other fish species. In this context, Pham et 

al., (2006) reported that the dietary inclu-

sion of Hizikia, a brown seaweed, enhanced 

the nonspecific immune responses and dis-

ease resistance of juvenile olive flounder 

(Paralichthys olivaceus) due to phenolic 

compounds existing in brown algae. Simi-

larly, polysaccharides from brown algae im-

proved the nonspecific immune system in 

shrimp Litopenaeus vannamei, Penaeus 

monodon, Fenneropenaeus indicus, and ti-

lapia (Oreochromis niloticus) (Muahiddah 

and Diamahesa, 2022). Moreover, Yang et 

al. (2014) reported that the bioactive sub-

stances derived from S. horneri signifi-

cantly increased serum lysozyme and the 

respiratory burst activity of yellow catfish 

P. fulvidraco phagocytes. 

The current investigation revealed a pos-

itive effect of the seaweed extract on the li-

pid profile (a decrease in TC, TG, and LDL 
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levels and an increase in HDL levels) in C. 

carpio. The beneficial impact of dietary sea-

weed on lipid profile was previously re-

ported in juvenile Japanese flounder 

(Paralichthys olivaceus) by Ragaza et al., 

(2015) and in juvenile black sea bream (Ac-

anthopagrus schlegelii) by Shi et al., 

(2019). This enhancement may be linked to 

the possible impact on cholesterol biosyn-

thesis and lipoprotein metabolism (Ara et 

al., 2002; Ara et al., 2005). Further, a signif-

icant reduction in these parameters may re-

sult from the presence of the secondary me-

tabolites which have been found to modu-

late the expression of the enzymes respon-

sible for cholesterol and triglyceride synthe-

sis in the liver (He et al., 2023). Another 

study reported that seaweeds are rich in fi-

bers which are well known to cause reduc-

tion in TC and TG in serum (Jiménez-Escrig 

and Sánchez-Muniz, 2000). Moreover, the 

elevated concentration of HDL in the T2 

group reflects an improvement in lipopro-

tein metabolism. In this respect, Ara et al., 

(2002) reported that the modulation of lipo-

protein metabolism could lead to an in-

crease in HDL levels in the blood. 

Some enzymes such as ALP, ALT, and 

AST are essential for assessing liver health 

in fish. Elevated concentration of these en-

zymes in fish blood often indicates liver 

damage or dysfunction (Samanta et al., 

2014; Mohamed et al., 2019; Xie et al., 

2022; Ahmed et al., 2023). The current 

study demonstrated that the levels of liver 

enzymes in the serum of C. carpio remained 

stable across all treatments suggesting that 

dietary supplementation of Aschomax does 

not have a significant impact on liver func-

tion. 

 

 

 

 

5. Conclusion  

 

In conclusion, dietary Aschomax supple-

mentation at 2% improved growth indices 

and immune system parameters. More ad-

vantages were obtained from Aschomax 

supplementation, namely, reduction in TC, 

TG, and LDL in blood and significant ele-

vation in HDL. Further, the study revealed 

that the seaweed extract had no effect on 

ALP, ALT, and AST. These observations 

can be attributed to the presence of bioac-

tive compounds. Despite the positive effect 

of dietary Aschomax, long-term studies are 

needed to evaluate its impact of the general 

health of cultured fish. 

 

Acknowledgments 

The authors would like to thank the agricul-

ture college for providing laboratory facili-

ties and technical support. 

 

Compliance with Ethical Standards  

 

Conflict of interest  

The authors declare that they have no com-

peting interests. 

 

Ethical approval  

All applicable international, national, or in-

stitutional guidelines for the care and use of 

animals were followed. Ethical approval for 

this study (MSC119-2024), dated 01-Sep-

tember 2024 was obtained from the MSC 

Ethics Committee, Marine Science Center, 

University of Basrah, Iraq. 

 

Funding  

This work was funded by the Marine Sci-

ence Centre, the University of Basrah, Iraq. 

 

Data availability  

Not applicable.  

 



Ahmed, A.R., Al-Niaeem, K.S., Al-Hasson, H.A.H.   MedFAR (2025) 8(2):93-104 

101 

 

Consent for publication  

Not applicable.  

 

References  

 

 Abdel-Warith, A.-W. A., Younis, E.-S. 

M., Al-Asgah, N. A. (2016) Potential use of 

green macroalgae Ulva lactuca as a feed 

supplement in diets on growth performance, 

feed utilization and body composition of the 

African catfish, Clarias gariepinus. Saudi 

Journal of Biological Sciences, 23(3): 404-

409.  

Ahmed, A. R., Al-Hasson, H. A., Al-

Niaeem, K. S. (2023) The effect of Shilajit 

on growth performance, blood parameters, 

and key liver enzymes of the common carp 

(Cyprinus carpio). Egyptian Journal of 

Aquatic Biology & Fisheries, 27(4).  

Ahmed, A. R., Al-Zewar, J. M., Fawzi, 

N. A.-M., Abulhasan, A. A. (2020) Culture 

of common carp (Cyprinus carpio L.) in 

Basrah Governorate, southern Iraq; Current 

status and suggestions for development. 

Ecology, Environment and Conservation, 

26(2): 824-831.  

Ahmed, N., Sheikh, M. A., Ubaid, M., 

Chauhan, P., Kumar, K., Choudhary, S. 

(2024) Comprehensive exploration of ma-

rine algae diversity, bioactive compounds, 

health benefits, regulatory issues, and food 

and drug applications. Measurement: Food, 

14:100163.  

Alloyarova, Y. V., Kolotova, D. S., 

Derkach, S. R. (2024) Nutritional and ther-

apeutic potential of functional components 

of brown seaweed: A review. Foods and 

Raw materials, 12(2): 398-419.  

Al-Turaihi, Z., Ahmed, A., Al-Niaeem, 

K. (2023) Effect of dietary tinospora cordi-

folia supplementation on growth perfor-

mance and hemato-biochemical parameters 

of the common carp (Cyprinus carpio). 

Egypt. J. Aquatic. Biol. Fish, 27(5): 677-

688.  

Amangelsin, Y., Semenova, Y., Dadar, 

M., Aljofan, M., Bjørklund, G. (2023) The 

impact of tetracycline pollution on the 

aquatic environment and removal strate-

gies. Antibiotics, 12(3): 440. 

AOAC, (2002) Official Methods of 

Analysis of Association of Official Analyt-

ical Chemists Association of Analytical 

Chemists, Arlington, VA, USA. 

Ara, J., Sultana, V., Qasim, R., Ahmad, 

V. U. (2002) Hypolipidaemic activity of 

seaweed from Karachi coast. Phytotherapy 

Research: An International Journal Devoted 

to Pharmacological and Toxicological Eval-

uation of Natural Product Derivatives, 

16(5): 479-483.  

Ara, J., Sultana, V., Qasim, R., 

Ehteshamul‐Haque, S., Ahmad, V. U. 

(2005) Biological activity of Spatoglossum 

asperum: a brown alga. Phytotherapy Re-

search: An International Journal Devoted to 

Pharmacological and Toxicological Evalu-

ation of Natural Product Derivatives, 19(7): 

618-623.  

Aulia, D., Rivero, C., Choi, W., 

Hamidoghli, A., Bae, J., Hwang, S., Kim, 

D., Lee, S., Bai, S. (2024) Microalgae feed 

additives improve growth, immunity, and 

resistance to Vibrio anguillarum infection 

in juvenile rainbow trout, Oncorhynchus 

mykiss. Iranian Journal of Fisheries Sci-

ences, 23(4): 537-557.  

Biller-Takahashi, J., Takahashi, L., 

Saita, M., Gimbo, R., Urbinati, E. (2013) 

Leukocytes respiratory burst activity as in-

dicator of innate immunity of pacu Piarac-

tus mesopotamicus. Brazilian Journal of Bi-

ology, 73(2): 425-429.  



Ahmed, A.R., Al-Niaeem, K.S., Al-Hasson, H.A.H.   MedFAR (2025) 8(2):93-104 

102 

 

Buchan, K. D., Prajsnar, T. K., Ogryzko, 

N. V., De Jong, N. W., Van Gent, M., Ko-

lata, J., Foster, S. J., Van Strijp, J. A., Ren-

shaw, S. A. (2019) A transgenic zebrafish 

line for in vivo visualisation of neutrophil 

myeloperoxidase. PLoS One, 14(4): 

e0215592.  

Cheng, W., Yu, J.-S. (2013) Effects of 

the dietary administration of sodium algi-

nate on the immune responses and disease 

resistance of Taiwan abalone, Haliotis di-

versicolor supertexta. Fish & shellfish im-

munology, 34(3): 902-908.  

de Lima, J. S., Leão, A. D., de Jesus 

Oliveira, A. C., Chaves, L. L., Ramos, R. K. 

L. G., Rodrigues, C. F. C., Soares-Sobrinho, 

J. L., Soares, M. F. d. L. R. (2024) Potential 

of plant-based polysaccharides as therapeu-

tic agents in ulcerogenic diseases of the gas-

trointestinal tract: A review. International 

Journal of Biological Macromolecules, 281: 

136399.  

FAO. (2020) World fisheries and aqua-

culture. Food and Agriculture Organization, 

2020, 1-244.  

Han, J., Balasubramanian, I., Flores, J. 

A., Bandyopadhyay, S., Yang, J., Liu, Y., 

Singh, R., Setty, P., Kiela, P., Ferraris, R. 

(2024) Intestinal lysozyme engagement of 

Salmonella Typhimurium stimulates the re-

lease of barrier-impairing InvE and Lpp1. 

Journal of Biological Chemistry, 300(7).  

He, Y., Li, Y., Shen, P., Li, S., Zhang, L., 

Wang, Q., Ren, D., Liu, S., Zhang, D., 

Zhou, H. (2023) Anti-Hyperlipidemic Ef-

fect of Fucoidan Fractions Prepared from 

Iceland Brown Algae Ascophyllum 

nodosum in an Hyperlipidemic Mice 

Model. Marine Drugs, 21(9): 468.  

Jiménez-Escrig, A., Sánchez-Muniz, F. 

(2000) Dietary fibre from edible seaweeds: 

Chemical structure, physicochemical prop-

erties and effects on cholesterol metabo-

lism. Nutrition research, 20(4): 585-598.  

Kamunde, C., Sappal, R., Melegy, T. M. 

(2019) Brown seaweed (AquaArom) sup-

plementation increases food intake and im-

proves growth, antioxidant status and re-

sistance to temperature stress in Atlantic 

salmon, Salmo salar. PLoS One, 14(7): 

e0219792.  

Leonard, S., Sweeney, T., Bahar, B., 

Lynch, B., O'doherty, J. (2011) Effects of 

dietary seaweed extract supplementation in 

sows and post-weaned pigs on performance, 

intestinal morphology, intestinal microflora 

and immune status. British journal of nutri-

tion, 106(5): 688-699.  

Li, Y., Zheng, Y., Zhang, Y., Yang, Y., 

Wang, P., Imre, B., Wong, A. C., Hsieh, Y. 

S., Wang, D. (2021) Brown algae carbohy-

drates: Structures, pharmaceutical proper-

ties, and research challenges. Marine Drugs, 

19(11): 620.  

Matin, M., Koszarska, M., Atanasov, A. 

G., Król-Szmajda, K., Jóźwik, A., Stel-

masiak, A., Hejna, M. (2024) Bioactive po-

tential of algae and algae-derived com-

pounds: focus on anti-inflammatory, anti-

microbial, and antioxidant effects. Mole-

cules, 29(19): 4695.  

Mohamed, A. S., Gad, N. S., El Desoky, 

M. A. (2019) Liver Enzyme Activity of Ti-

lapia zillii and Mugil capito Collected Sea-

sonally from Qarun Lake, Egypt. Fisheries 

and Aquaculture Journal, 10(1): 1-5.  

Muahiddah, N., Diamahesa, W. A. 

(2022) Potential use of brown algae as an 

immunostimulant material in the aquacul-

ture field to increase non-specific immunity 

and fight disease. Journal of Fish Health, 

2(2): 109-115.  



Ahmed, A.R., Al-Niaeem, K.S., Al-Hasson, H.A.H.   MedFAR (2025) 8(2):93-104 

103 

 

National Center for Health Statistics 

(NCHS). (2006) Abnormal lipid levels, di-

agnosed high cholesterol, and lipid-lower-

ing treatment among adults: United States, 

1999–2006. U.S. Department of Health and 

Human Services, Centers for Disease Con-

trol and Prevention. 

National Cholesterol Education Program 

(NCEP). (1994) Second report of the expert 

panel on detection, evaluation, and treat-

ment of high blood cholesterol in adults 

(Adult Treatment Panel II). Circulation, 

89(3): 1333–1445. 

Nazarudin, M. F., Yusoff, F., Idrus, E. S., 

Aliyu-Paiko, M. (2020) Brown seaweed 

Sargassum polycystum as dietary supple-

ment exhibits prebiotic potentials in Asian 

sea bass Lates calcarifer fingerlings. Aqua-

culture Reports, 18: 100488.  

Pal, A., Kamthania, M. C., Kumar, A. 

(2014) Bioactive compounds and properties 

of seaweeds—a review. Open Access Li-

brary Journal, 1(4): 1-17.  

Pham, M. A., Lee, K.-J., Lee, B.-J., Lim, 

S.-J., Kim, S.-S., Lee, Y.-D., Heo, M.-S., 

Lee, K.-W. (2006) Effects of dietary Hizikia 

fusiformis on growth and immune responses 

in juvenile olive flounder (Paralichthys oli-

vaceus). Asian-australasian journal of ani-

mal sciences, 19(12): 1769-1775.  

Quade, M. J., Roth, J. A. (1997) A rapid, 

direct assay to measure degranulation of bo-

vine neutrophil primary granules. Veteri-

nary immunology and immunopathology, 

58(3-4): 239-248.  

Ragaza, J. A., Koshio, S., Mamauag, R. 

E., Ishikawa, M., Yokoyama, S., Villamor, 

S. S. (2015) Dietary supplemental effects of 

red seaweed Eucheuma denticulatum on 

growth performance, carcass composition 

and blood chemistry of juvenile Japanese 

flounder, Paralichthys olivaceus. Aquacul-

ture Research, 46(3): 647-657.  

Remya, R., Samrot, A. V., Kumar, S. S., 

Mohanavel, V., Karthick, A., Chinnaiyan, 

V. K., Umapathy, D., Muhibbullah, M. 

(2022) Bioactive potential of brown algae. 

Adsorption science & technology, 2022, 

9104835.  

Samanta, P., Pal, S., Mukherjee, A. K., 

Ghosh, A. R. (2014) Evaluation of meta-

bolic enzymes in response to Excel Mera 

71, a glyphosate‐based herbicide, and re-

covery pattern in freshwater teleostean 

fishes. BioMed research international, 

2014(1): 425159.  

Sheikhzadeh, N., Ahmadifar, E., Soltani, 

M., Tayefi-Nasrabadi, H., Mousavi, S., 

Naiel, M. A. (2022) Brown seaweed 

(Padina australis) extract can promote per-

formance, innate immune responses, diges-

tive enzyme activities, intestinal gene ex-

pression and resistance against Aeromonas 

hydrophila in common carp (Cyprinus car-

pio). Animals, 12(23): 3389.  

Shen, J., Liu, H., Wang, M., Lu, B., Ke, 

K., Wei, Y., Gao, F., Wang, Q., Huang, S., 

Ma, Y. (2025) Effects of Brown Algae 

(Laminaria japonica) Extract on Growth 

Performance, Immune Function and Intesti-

nal Health of Largemouth Bass (Microp-

terus salmoides). Animals, 15(5): 622.  

Shi, Q., Rong, H., Hao, M., Zhu, D., 

Aweya, J. J., Li, S., Wen, X. (2019) Effects 

of dietary Sargassum horneri on growth per-

formance, serum biochemical parameters, 

hepatic antioxidant status, and immune re-

sponses of juvenile black sea bream Acan-

thopagrus schlegelii. Journal of Applied 

Phycology, 31(3): 2103-2113.  



Ahmed, A.R., Al-Niaeem, K.S., Al-Hasson, H.A.H.   MedFAR (2025) 8(2):93-104 

104 

 

Siwicki, A. (1987), Immunomodulating 

activity of levamisole in carp spawners, Cy-

prinus carpio L.. Journal of Fish Biology, 

31:245-246. https://doi.org/10.1111/j.1095-

8649.1987.tb05325.x. 

Siwicki, A. K., Anderson, D. P., Rum-

sey, G. L. (1994) Dietary intake of im-

munostimulants by rainbow trout affects 

non-specific immunity and protection 

against furunculosis. Veterinary immunol-

ogy and immunopathology, 41(1-2): 125-

139.  

Thepot, V., Campbell, A. H., Paul, N. A., 

Rimmer, M. A. (2021). Seaweed dietary 

supplements enhance the innate immune re-

sponse of the mottled rabbitfish, Siganus 

fuscescens. Fish & shellfish immunology, 

113: 176-184.  

UN. (2017) World Population Prospects: 

The 2017 Revision. United Nations, De-

partment of Economic and Social Affairs. 

Retrieved 1 Jun 2025 from 

https://www.un.org/en/desa/world-popula-

tion-projected-reach-98-billion-2050-and-

112-billion-2100 

Xie, M., Hao, Q., Olsen, R. E., Ringø, E., 

Yang, Y., Zhang, Z., Ran, C., & Zhou, Z. 

(2022) Growth performance, hepatic en-

zymes, and gut health status of common 

carp (Cyprinus carpio) in response to die-

tary Cetobacterium somerae fermentation 

product. Aquaculture Reports, 23: 101046.  

Yang, F., Nagahawatta, D., Yang, H.-

W., Ryu, B., Lee, H.-G., Je, J.-G., Heo, M.-

S., Jeon, Y.-J. (2023) In vitro and in vivo 

immuno-enhancing effect of fucoidan iso-

lated from non-edible brown seaweed Sar-

gassum thunbergii. International Journal of 

Biological Macromolecules, 253: 127212.  

Yang, Q., Yang, R., Li, M., Zhou, Q., 

Liang, X., Elmada, Z. C. (2014) Effects of 

dietary fucoidan on the blood constituents, 

anti-oxidation and innate immunity of juve-

nile yellow catfish (Pelteobagrus ful-

vidraco). Fish & shellfish immunology, 

41(2): 264-270.  

 

 


