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Abstract 

This study investigates the synergistic impact of silymarin (SI) levels combined with 

inorganic selenium (sodium selenite: Se) on growth, feed utilization, biochemical 

parameters, antioxidants, innate immunity, intestinal and liver histology, and gene 

expression of Thinlip mullet (Liza ramada) juveniles. The experimental design 



involved thinlip mullets initially weighing 3.5±0.13 g, distributed in a completely 

randomized design with 30 fish per hapa (0.5 × 0.5 × 1 m), and conducted in triplicate 

over 60 days. Seven experimental diets were employed, including a control (without 

SI and Se supplementation), a negative control (with only Se supplementation), and 

four treatments with varying levels of silymarin (250, 450, 650, 850 mg/kg) alongside 

selenium (0.5 mg/kg diet). The growth performance results highlighted significant 

enhancements in final body weight, weight gain, and specific growth rate, particularly 

in the SI 850 mg/kg + Se treatment. Survival rates, feed intake, and feed conversion 

ratios showed positive trends across the SI-Se supplemented groups. Biochemical 

profiles of serum exhibited that the control diet-induced elevated concentrations of 

glucose, cholesterol, Alanine aminotransferase, Aspartate aminotransferase, and urea, 

while Se or SI supplementation significantly mitigated these levels, with the lowest 

concentrations observed in the SI-Se supplemented groups. Moreover, SI 

supplementation increased serum protein content. Antioxidant enzyme activities, 

represented by superoxide dismutase (SOD), catalase (CAT), and catalase (GPx), 

demonstrated notable improvements in the SI-Se fortified groups, with significantly 

elevated GPx activity compared to the Se-supplemented and control groups. Immune 

system responses, including lysozyme, bactericidal, Nitro-blue Tetrazolium (NBT%), 

and serum alternative complement pathway (ACH50) activities, were highest in the 

SI-Se augmented groups. SI and Se in L. ramada reduce liver pro-inflammatory gene 

expression (il-1β, hepcidin) vs. control group. Histological examinations of the 

intestine and liver depicted structural enhancements, especially at moderate and high 

levels of SI with Se supplementation. The results indicate improved intestinal villi 

morphology and hepatic architecture, supporting the positive influence of dietary 

treatments on the health of thinlip mullet juveniles. In conclusion, the combined 

supplementation of SI at 850 mg/kg diet and Se at 0.5 mg/kg diet positively 

influenced the growth, biochemical profiles, antioxidant status, immune responses, 

gene expression, and histological integrity of Thinlip mullet juveniles, providing 

valuable insights for optimizing aquafeed formulations. 

 

Key words: bioactive supplementation, growth augmentation, immunity, Hepcidin 

gene, Interleukin 1-β gene, histological brilliance, Liza ramada 

 

 

 

The crucial role of the aquaculture business in meeting the increasing global 

needs for seafood cannot be overstated. Recently, there has been a growing focus on 

improving the performance and health status of farmed fish. This shift aims to 

enhance overall productivity and promote sustainable practices within the aquaculture 



sector (Ahmed et al., 2019). The thinlip mullet (Liza ramada) is an economically 

important fish species widely farmed in various regions. The successful rearing of 

thinlip mullet juveniles is crucial for sustainable aquaculture production (Toutou et al., 

2023). However, challenges such as suboptimal growth, disease susceptibility, and 

poor feed utilization have been observed, impacting the overall productivity and 

profitability of mullet farming (Ali et al., 2020; Dickson et al., 2016). The cultivation 

and maintenance of fish populations in aquaculture systems rely on various factors, 

including optimal nutrition and management practices. Exploring natural additives to 

enhance the performance and health of fish species has garnered increasing interest in 

recent years (Dawood et al., 2018; Reverter et al., 2021). A growing fascination with 

bioactive compound-based dietary supplements has emerged in recent years, driven 

by their promising potential to enhance various aspects of fish health, including 

growth, immune response, and overall well-being (Pulido-Rodriguez et al., 2021).  

One such compound that has gained attention is silymarin (SI. Mary's thistle, 

milk thistle: Silybum marianum), a natural flavonoid derived from the seeds of the 

milk thistle plant (Javeed et al., 2022). Silymarin has been recognized for its 

antioxidant, anti-inflammatory, and hepatoprotective properties in various animal 

species (Abdel-Moneim et al., 2015; Akbari et al., 2022). Studies have previously 

documented various positive effects of administering silymarin in diverse aquatic 

organisms (Abdel-Latif et al., 2023; Al-Shawi et al., 2022; El-Houseiny et al., 2022). 

Research shows that adding silymarin to fish diets improves growth, antioxidant 

defenses, and liver health in various species like Prussian carp (Yi et al., 2012), turbot 

(Wang et al., 2019a), and large yellow croaker (Yao et al., 2020). It also benefits other 

fish by boosting lipid metabolism in grass carp and strengthening the immune system 

in rainbow trout (Ahmadi et al., 2012; Xiao et al., 2017). Moreover, impacts of 

silymarin on seabass larvae at the critical weaning stage were positive on growth, 

antioxidants, and survival rate (Shahin et al., 2023). 

 

In conjunction with silymarin, selenium (Se), an essential trace mineral, has 

also shown potential health benefits in fish (Lu et al., 2024). Playing a crucial role in 

antioxidant defense mechanisms, immune system regulation, and thyroid hormone 

metabolism has been attributed to Se (Ralston et al., 2016). Investigations have 

demonstrated its ability to improve growth, reproductive development, and disease 

resistance in various aquatic organisms (Cusack et al., 2017; Li et al., 2023; 

Wischhusen et al., 2020). Dietary selenium requirements have been documented in 

several studies for various fish species. For example, Salmo Gairdneri (1.3 g) 

exhibited optimal outcomes with a selenium dosage ranging from 0.15 to 0.38 mg/kg 

(Hilton et al., 1980). Juvenile Epinephelus malabaricus (12.2 g) exhibited favorable 

outcomes with a diet comprising 0.7 mg Se/kg (Lin and Shiau, 2005), while juvenile 



Cyprinus carpio L. (10.4 g) thrived with 0.434–0.517 mg Se/kg (Jin, 2007). Haliotis 

discushannai (0.68 g) demonstrated benefits at 1.408 mg Se/kg (Wang et al., 2012), 

and juvenile Ctenopharyngodon idellus (Liu et al., 2018) responded positively to a 

diet fortified with 0.83 mg Se/kg. These findings collectively underscore the diverse 

selenium requirements among different fish species. 

The potential for silymarin to offer similar benefits in young thinlip mullet 

(Liza ramada), either on its own or when paired with selenium, remains unclear. 

Consequently, this study's goal is to investigate the potential enhancement of 

performance and health status in thinlip mullet (L. ramada) through the dietary intake 

of SI in combination with selenium (Se). Specifically, we have evaluated the 

influences of dietary supplementation with SI and Se on thinlip mullet growth 

performance, feed utilization, antioxidant status, immune response, gene expression, 

and liver health.  

By elucidating the potential synergistic effects of SI and Se in thinlip mullet, 

this research can contribute to the development of sustainable aquaculture practices 

that promote the well-being and productivity of this economically valuable fish 

species. Moreover, this could provide insights into the wider utilization of natural 

additives in aquaculture for enhancing the performance and health of various fish 

species. 

Material and methods 

 

Ethical approval 

Ethical clearance for this study was authorized from the College of 

Agriculture Committee for Animal Care at Alexandria University, Egypt, under 

reference number 19/23/07/24/3/35. Furthermore, all research procedures adhered to 

the ARRIVE guidelines v2.0 (Percie du Sert et al., 2020), ensuring the research 

protocol aligns with established ethical standards and safeguards the well-being of the 

fish subjects. 

 

Experimental design and fish husbandry 

The experimental thinlip mullet (Liza ramada) were sourced from a private 

farm in Kafr Elsheikh City, Egypt, and transported in a healthy state to the Baltim 

Research Station of Egypt's National Institute of Oceanography and Fisheries, where 

the feeding experiments took place. Prior to the initiation of the feeding studies, a 

seven-day acclimatization period was provided for all thinlip mullets, during which 

they were fed a basal diet (Table 1). The thinlip mullet population was then randomly 

and evenly distributed among 21 hapas (comprising 7 treatments), each initially 

weighing 3.5±0.13 g, with a stocking density of 30 fish per hapa (0.5 × 0.5 × 1 m). 



All treatments were conducted in triplicate and followed a completely randomized 

design, lasting for a duration of 60 days. 

Aeration was consistently supplied using a compressed air pump at all 

experimental sites, and manual water exchange (two-thirds) was performed every 

second day. Throughout the 60-day period, the fish were maintained under a 

photoperiod regime of 12 hours of light and 12 hours of darkness. The study closely 

tracked various water parameters during the cultivation of L. ramada. These 

parameters included water temperature (maintained at 25.2±0.21°C), assessed with a 

thermometer, dissolved oxygen levels (6.78±0.54 mg/L), measured using a 

Waterproof Portable Meter (Hanna waterproof IP67 model), pH levels (7.41±0.32), 

determined through a Martini Instruments Model 201/Portable digital, and total 

ammonia-nitrogen content (0.04±0.02 mg/L), analyzed calorimetrically with a 

Spectronic 601 (Milton Roy Company, USA). 

 

Dietary treatments and feeding regimen 

To evaluate the potential synergistic effects of silymarin (SI) and selenium (Se) 

supplementation in the aquafeed for L. ramada, a feeding study was undertaken. 

Seven practical diets, maintaining consistent protein (29%), lipid (7%), and energy 

content, were formulated. These diets varied in SI content (250, 450, 650, 850, 1050 

mg/kg diet) (Shahin et al., 2023), while maintaining a constant dosage of Se (0.5 

mg/kg diet) (Wang et al., 2007). The experimental diets included a control (without SI 

and Se supplementation), a negative control (with only Se supplementation), negative 

control (with only Se supplementation), SI 250 mg/kg +Se, SI 450 mg/kg +Se, SI 650 mg/kg 

+Se, SI 850 mg/kg +Se, and SI 1050 mg/kg +Se, all fed to L. ramada over a 60-day period. 

Formulation of these experimental diets incorporated high-quality protein sources 

such as Fish meal (65% CP), Soybean meal (48% CP), Meat meal (55% CP), and 

DDGS, along with lipid sources like Sunflower oil, composed to meet all the dietary 

needs of the fish (Table 1). Ingredients were carefully blended, including vitamin and 

mineral mixtures (According to Magouz et al. (2022)), along with other essential 

compounds. Subsequently, pellets were manufactured using oils and water, resulting 

in 1–2 mm-sized pellets, employing a laboratory pelletizer. The formulated diets 

underwent air-drying at room heat and were subsequently stored at 4°C. 

Throughout the study, the fish received a daily feed amount equal to 3% of 

their body weight. The fish received each diet manually three times daily at specific 

intervals (8:00, 14:00, and 20:00). For a detailed breakdown of the analysis of the 

experimental diets, including composition and nutritional content, please refer to 

Table 1. 

 

Sources and administration of silymarin with Se 



Silymarin (98% purity), sourced from Legalon silymarine® 140 mg, acquired 

from Madaus GmbH Co. in Köln, Nordrhein-Westfalen, Germany, was incorporated 

as a supplement in the experimental feed formulation. Inorganic selenium (sodium 

selenite: 99% purity), procured from Sigma-Aldrich Chemical in St. Louis, MO, USA, 

were employed as the supplementary element. To ensure homogeneity and optimal 

distribution, both Silymarin and Selenium supplements were meticulously blended 

into oil for a duration of 15 minutes. Subsequently, the thoroughly mixed supplements 

were carefully incorporated into the basal diet at their respective concentration levels. 

This comprehensive blending process was undertaken to guarantee uniformity in the 

distribution of SI and Se within the experimental diets, thereby facilitating accurate 

and consistent administration to the L. ramada during the feeding trial. 

 

Tissue and blood collection, and homogenate preparation 

Upon conclusion of the experiment, the thinlip mullet was carefully 

anesthetized using 50 μl/L of clove oil, and tissues including the intestine and liver 

were meticulously collected under aseptic conditions. Liver samples were 

homogenized using a VEVOR Homogenizer (Model: FSH-2A) in a cold iced NaCl 

solution (0.86%). The homogenized mixture underwent centrifugation at 12,000 rpm 

for 10 minutes at 4 °C, resulting in the collection of the supernatant, which was kept 

at −20°C for subsequent analysis. For RNA-related studies, liver samples were treated 

with RNA later (obtained from Sigma, USA), initially frozen at 4°C for 24 hours, and 

then stored at –18°C. This preservation method ensures the suitability of the samples 

for future gene expression studies. Intestine and liver samples were thoroughly rinsed 

with a sterile cold phosphate-buffered saline (PBS) solution with a pH approximately 

equal to 7.4. Post-rinsing, these samples were promptly immersed in a 10% buffered 

formalin solution for two days to facilitate optimal preparation for subsequent 

histological analysis. Blood collection was performed on the same fish selected for 

tissue collection in replicate, while an additional two fish were used for serum 

collection, contributing to a comprehensive dataset for further analyses. 

 

Growth performance and feed utilization study 

Throughout the 60-day experimental trial, the thinlip mullet underwent 

systematic weight assessments at the initiation and subsequently at 15-day intervals. 

Individual fish were weighed at the conclusion of the study. The assessment of fish 

encompassed the examination of growth performance, feed utilization, and survival 

rate, considering parameters such as final body weight (FBW), weight gain (WG), 

average daily gain (ADG), specific growth rate (SGR), feed intake (FI), feed 

conversion ratio (FCR), protein efficiency ratio (PER), and survival rate (SR). The 

next formulae were employed for calculating various parameters: 



 

WG (g) = FBW (g) – Initial Weight (g)  

ADG (g/fish/d) = (FBW (g) – Initial Weight (g)) / Number of Days 

SGR (%/d) = [(ln (FBW) – ln (Initial Weight)) / Number of Days] × 100 

FI (g/fish) = Total feed supplied - Remaining feed 

FCR = Total Feed Consumed / Weight Gain 

PER = Weight Gain / Protein Intake 

SR (%) = (Number of Survived Fish / Initial Number of Fish) × 100 

 

Chemical analysis 

Nutrient analysis of diets and whole-body fish samples followed established 

Association of Official Analytical Chemists protocols (AOAC, 2000). Moisture 

content was determined by drying samples to constant weight at 105°C. Ash content 

was measured by incinerating samples at 550°C for 36 hours in a muffle furnace. Fat 

was extracted using an ether extractor (SoxROC, OPSIS, Sweden) for 6 hours. Protein 

content was quantified using the Kjeldahl method, which involves sample digestion 

with concentrated sulfuric acid and subsequent measurement in an automatic Kjeldahl 

apparatus (KD210, OPSIS, Sweden). Fiber content in diet samples was determined 

following the procedure described by Van Soest et al. (1991). Nitrogen-free extract 

was calculated by subtracting the sum of crude protein, crude fat, crude fiber, and ash 

content from 100. 

 

 

Blood biochemistry 

Biochemical parameters in the blood serum were evaluated using Bio-

diagnostic® kits sourced from Bio-diagnostic®, Egypt. These kits encompassed a 

range of assessments, including Total Protein (g/dL, Cat. No. TP 20 20), Albumin 

(g/dL, Cat. No. AB 10 10), Glucose (mmol/L, Cat. No. GL 13 20), Total cholesterol 

(mg/dL, Cat. No. TC 20 10), Triglyceride (mg/dL, Cat. No. TG 20 11), ALT 

(Glutamic Pyruvic Transaminase), and AST (Glutamic Oxaloacetic Transaminase) 

(U/L, Cat. No. AT 10 34 and AT 10 45), Urea (mg/dL, Cat. No. UR 21 10), and 

Creatinine (mg/dL, Cat. No. CR 12 50). The analysis of these biochemical blood 

profiles adhered to the instructions provided in the respective kit packages, ensuring 

accuracy and consistency in the assessment of serum parameters. 

 

Antioxidant enzyme activity 

The assessment of superoxide dismutase (SOD) activity involved measuring 

the inhibition rate of autocatalytic adrenochrome production at 550 nm, following the 

method outlined by Misra and Fridovich (1972). Catalase (CAT) activity was assessed 



by monitoring the disintegration of hydrogen peroxide at 280 nm, as per the procedure 

described by Góth (1991). Glutathione peroxidase (GPx) level was quantified through 

the oxidation of NADPH, with absorbance readings taken at 412 nm, following the 

methodology outlined by Arun et al. (1999). All these analyses were conducted 

utilizing a microplate spectrophotometer, ensuring precision and consistency in the 

measurement of enzyme activities. 

 

Innate immune indices 

Serum lysozyme intensity was quantified using a 96-well microplate 

turbidimetric assay, adhering to the protocol established by Lygren et al. (1999). This 

method employed lyophilized Micrococcus lysodeikticus cells (Sigma-Aldrich, India) 

as the substrate. Briefly, 10 μl serum samples were dispensed into designated wells, 

followed by the addition of 190 μl of a substrate mixture containing 0.2 mg/mL M. 

lysodeikticus in phosphate-buffered saline (pH 7.4). The mixture was gently shaken at 

room temperature, and the subsequent decrease in turbidity was monitored at 450 nm 

after 1 and 5 minutes. Lysozyme activity was determined based on the amount of 

enzyme required to decrease absorbance by 0.001/min. 

Serum bactericidal level was evaluated spectrophotometrically at 570 nm 

using a modified protocol based on the methods described by Gallage et al. (2016) 

and Wang et al. (2018). Briefly, 50 μl of serum samples were mixed with an equal 

volume of bacterial suspension (Streptococcus agalactiae, 1.4 × 108 CFU/mL) and 

incubated at 25°C for 2.5 hours. After incubation, the mixtures were transferred to 96-

well microplates and treated with 15 μl of a 5 mg/mL MTT solution for 15 minutes at 

25°C with gentle shaking. Formazan crystals formed during this reaction were 

dissolved with 50 μl of DMSO. Optical density at 570 nm (OD570) was measured in 

triplicate, and bactericidal activity was estimated as the percentage inhibition of S. 

agalactiae growth compared to a positive control. 

100
OD

OD -OD
 =% inhibition.

Control

SampleControl
agalactiaeS  

 

Respiratory burst activities in whole blood were measured at 630 nm using a 

nitroblue tetrazolium (NBT) assay, in accordance with the modified protocol by 

Secombes (1990). Additionally, serum samples were employed to determine 

alternative complement pathway activities (ACP), following the procedures outlined 

by Yano (1992). 

 

Quantitative real-time PCR (qPCR) 



Liver tissue from six fish per group (n = 6) was used to isolate total RNA 

using the Geneaid GenozolTri RNA Kit (Korea), following the manufacturer's 

protocol. The quality and concentration of the RNA were evaluated using a NanoDrop 

spectrophotometer (BioDrop, England). All RNA samples were then normalized to a 

concentration of 50 ng/μl. This study employed a one-step RT-qPCR kit with SYBR 

green dye for both reverse transcription and quantitative PCR reactions. The 

manufacturer's instructions were followed for expression analysis, utilizing β-actin as 

the reference gene. The reaction conditions involved: a 30-minute holding step at 

50°C, followed by initial PCR activation at 95°C for 10 minutes. Subsequent cycles 

consisted of 95°C for 5 seconds and annealing at 60°C for 30 seconds, repeated for 45 

cycles. Melting curve analysis confirmed the specificity of the PCR amplification, 

ensuring only one product was amplified at the expected size. Gene expression 

analysis was performed using the 2-ΔΔCt method, where a fold change of 1 indicates no 

change (control), <1 represents down regulation, and >1 signifies upregulation. 

Expression of the investigated genes was normalized using the β-actin reference gene. 

 

Intestinal and liver histoarchitecture 

At the experiment's end, the animals were deeply anesthetized with 40% 

ethanol and their abdomens were opened. Samples of the intestine and liver were 

quickly removed and immersed in a 10% neutral buffered formalin solution for 

fixation over two days. After fixation, the tissues were processed through a series of 

steps: dehydration in increasing concentrations of ethanol, clearing in xylene, 

embedding in paraffin wax, and sectioning into 5-micrometer slices using a 

microtome (RM 20352035; Leica Microsystems, Wetzlar, Germany). The paraffin 

sections were then rehydrated and stained with Hematoxylin and Eosin (H&E) for 

general histomorphological analysis. Finally, representative photomicrographs were 

captured from the stained sections using a digital camera (Leica EC3, Leica, Germany) 

attached to a microscope (Leica DM500). 

 

Data analysis 

The results were presented as an average of three replicates, along with their 

standard errors (SE). Statistical analysis was completed using SPSS version 16 (IBM, 

Chicago, IL). Treatment effects were evaluated using a one-way ANOVA, followed 

by Duncan's multiple range tests to identify specific differences between individual 

group means. These comparisons were conducted at a significant level of 5%, 

providing a robust evaluation of the experimental findings. 

 

Results 

 



Growth performance and feed utilization 

In a 60-day trial assessing the influence of silymarin and selenium dietary 

supplements on the growth performance and feed utilization of thinlip mullet (L. 

ramada), the data depicted in Table 3 highlights significant variations. The control 

group exhibited values of 8.25±0.14 g for FBW and 4.75±0.14 g for WG, resulting in 

an ADG of 0.08±0.00 g/fish/day and SGR of 1.43±0.03% per day. When Se was 

introduced alongside the control, FBW and WG increased to 11.50±0.29 g and 

8.00±0.29 g, respectively, leading to an ADG of 0.13±0.01 g/fish/d and an SGR of 

1.98±0.04%/d. Notably, the introduction of SI at 250 mg/kg, 450 mg/kg, 650 mg/kg, 

and 850 mg/kg alongside Se exhibited a progressive enhancement in growth 

parameters, with the highest values recorded at SI 850 mg/kg + Se. Survival rates 

fluctuated, while FI and FCR demonstrated improvements with increasing 

supplementation. PER also experienced a positive trend across the treatment groups. 

 

Whole body chemical composition 

The proximate composition of L. ramada whole-body was evaluated at the 

conclusion of a 60-day feeding trial (Table 4). Across all treatments, the moisture, 

protein, fat, and ash content of the samples exhibited unremarkable variations. 

 

Biochemical profiles 

Table 5 presents the biochemical profiles of L. ramada serum after a 60-day 

feeding trial. The control diet-induced significantly elevated serum glucose, 

cholesterol, ALT, AST, and urea concentrations compared to other dietary groups. 

Selenium or silymarin supplementation significantly reduced these elevated levels, 

with the lowest concentrations observed in the silymarin-selenium supplemented 

groups. Furthermore, silymarin supplementation significantly increased serum protein 

content compared to the control diet, particularly at supplementation levels of 250, 

650, and 850 mg/kg feed. However, serum albumin, globulin, triglyceride, and 

creatinine concentrations remained unaltered (P>0.05) with experimental diets. 

 

Antioxidant enzymes activity  

Figure 1 depicts the impact of dietary supplementation with silymarin and 

selenium on the antioxidant status of L. ramada after a 60-day feeding trial. Among 

the groups, fish receiving the basal diet displayed the lowest activities of SOD, CAT, 

and GPx. The groups supplemented with silymarin and selenium demonstrated 

notably increased GPx activity in comparison to the selenium-supplemented and 

control diet groups. However, SOD and CAT activities showed no significant changes 

in the selenium-supplemented group compared to the silymarin-selenium 

supplemented groups. 



 

Immune system responses 

Table 6 demonstrates the influence of selenium and/or silymarin dietary 

supplementation on the immune response of L. ramada following a 60-day feeding 

trial. The silymarin-selenium supplemented groups exhibited the highest lysozyme, 

bactericidal, NBT%, and ACH50 activities compared to the selenium-supplemented 

group and the control diet group, which exhibited the lowest activities of these 

parameters. 

 

The relative mRNA expression of immune‑related genes 

Figure 2 depicts the gene expression of interleukin-1β (il-1β) and hepcidin, 

two key immune genes, in L. ramada fish after a 60-day feeding trial. Relative to the 

control group, all studied genes exhibited downregulation in the treated groups. The 

expression levels decreased by approximately (0.8, 0.8, 0.5, 0.8, 0.88, and 0.95) and 

(0.92, 0.8, 0.5, 0.8, 0.85, and 0.95) fold for il-1β and hepcidin, respectively. 

 

Intestinal and liver histology  

In all examined groups, the intestine of L. ramada revealed intact structures of 

the intestinal wall and intestinal villi (Figure 3 A–F). In the control group, the 

intestine exhibited a tunica mucosa composed of regularly arranged enterocytes, 

propria submucosa, tunica muscularis, and outer serosa. The histological findings 

revealed little improvement in only selenium-treated fish (Figure 3 B), moderate 

improvement at low levels of silymarin with selenium (Figure 3 C, D), and significant 

improvement at moderate and high levels of silymarin with selenium (Figure 3 E–G). 

This enhancement appeared in the form of increased villous height and villous area. 

The histopathological examination of the liver in the control group (Figure 4 A) 

presented spongy appearance of hepatocytes with irregular fat vacuoles around 

hepatic central vein (white arrowhead). The selenium-subjected fish (Figure 4 B) 

represented intact hepatocytes with centrally located vesicular nuclei. Other fish 

groups (Figure 4 C–G) revealed improved hepatic architecture with increased 

glycogen evidence and Melanomacrophage centers in some of them. 

 

Discussion 

 

Embarking on a journey into the intricate interplay of health and nutrition, the 

collaborative potential of silymarin and selenium takes center stage. Silymarin, 

sourced from milk thistle, boasts hepatoprotective prowess, complemented by 

selenium's indispensable role in antioxidant defense. Nevertheless, there is a dearth of 

information regarding the combined effects of dietary silymarin and selenium in fish. 



Consequently, the current study was devised based on the hypothesis that the 

concurrent use of dietary silymarin and selenium in the same fish feed might exhibit 

robust synergistic interactions. The findings demonstrated that the simultaneous 

provision of these two vital micronutrients resulted in pronounced synergistic effects, 

positively enhancing the growth performance, feed utilization, antioxidant status, liver 

health, immune response, and gene expression of L. ramada. 

Growth emerges as a cumulative outcome of pivotal processes like 

assimilation, respiration, and excretion. Consequently, it stands out as a primary 

benchmark for evaluating the impacts of biological processes on fish in response to 

nutritional and immunostimulatory factors (Bertucci et al., 2019; Wang et al., 2022). 

In the current investigation, the inclusion of dietary silymarin in combination with 

selenium resulted in elevated FBW, WG, ADG, and SGR. These findings suggest that 

the addition of silymarin alongside selenium contributed to an enhancement in growth 

performance. Notably, a substantial growth-promoting effect was observed at 

silymarin levels of 250 mg/kg, 450 mg/kg, 650 mg/kg, and 850 mg/kg in conjunction 

with selenium, with the most pronounced effects recorded at the 850 mg/kg silymarin 

+ selenium combination. The remarkable impact observed can be ascribed to the 

elevated concentration of flavonolignans (total silymarin), which function as 

antioxidants (92.25 and 123 mg/kg dry weight, respectively). These antioxidants are 

presumed to have stimulated protein synthesis through enzymatic processes, as 

previously proposed by Banaee et al. (2011). 

These outcomes are in accordance with the outcomes presented by Hassaan et 

al. (2019), who observed a notable improvement in the growth and feed intake of 

Oreochromis niloticus fingerlings-fed diets augmented with silymarin at doses of 7.5 

g or 10 g per kg of diet. Similarly, Al-Jubouri and Al-Obaydi (2021) noted improved 

growth in Cyprinus carpio L when a diet fortified with 15% silymarin leaf meal was 

administered. A recent study also highlighted the impact of supplementing diets with 

dried silymarin, derived from the entire plant, on the growth of Clarias gariepinus 

(El-Houseiny et al., 2022). Significantly, dietary silymarin demonstrated growth-

promoting effects in various fish species, including Ctenopharyngodon idella (Wei et 

al., 2020), Pangasianodon hypophthalmus (Abdel-Latif et al., 2023), Scophthalmus 

maximus L. (Wang et al., 2019 a), and Larimichthys crocea (Yao et al., 2020). 

The use of functional bioactive constituents, such as flavonoids and phenolic 

compounds in plant extracts like silymarin, has been proposed to have a positive 

influence on feed digestibility and nutrient bioavailability. This, consequently, 

improves feed utilization and fosters increased protein synthesis (Ahmadifar et al., 

2021; Citarasu, 2010). The enhanced growth performance observed in L. ramada in 

this study can be ascribed to the bioactive functional phytochemicals found in the 

utilized silymarin, which positively impact feeding intake, feed efficiency, and protein 



retention (Hassaan et al., 2019). Furthermore, the silymarin content may stimulate 

protein synthesis through the enzymatic system (Banaee et al., 2011). Earlier research 

has also suggested that dietary silymarin has the potential to modulate the expression 

of the growth hormone gene, thereby contributing to the growth of muscle fibers 

(Hassaan et al., 2019). Another hypothesis put forth by Wei et al. (2020) proposes that 

dietary silymarin fosters intestinal growth and enhances the intestinal physical barrier 

in fish, thus positively contributing to overall growth. 

Similar to silymarin, selenium serves as another crucial micronutrient that 

contributes to the growth and physiological well-being of fish. Previous research 

studies have underscored the importance of an adequate dietary selenium supply for 

optimal body growth in fish and other animal species (Hoffmann and Berry, 2008; 

Jamil, 2013; Khan et al., 2016; Li et al., 2023). In a previous investigation, the 

addition of vitamins C, E, and selenium to the diet was observed to significantly boost 

WG in O. niloticus (Kim and Mahan, 2003). Furthermore, selenium has been 

acknowledged for its potential to enhance the growth performance of various aquatic 

animals, including Acanthopagrus schlegelii (Wang et al., 2019 b), C. idellus (Liu et 

al., 2018), O. niloticus (Lee et al., 2016), among others. Selenium supplementation 

has also been shown to elevate selenium concentrations in the muscle tissue of 

specific fish species (Buckley, 2000). 

Research by Fonseca et al. (2013) exposed a significant increase in both WG 

and feed conversion efficiency (FCE%) in tilapia when their diet was fortified with 

400 mg/kg of vitamins C and E, respectively, alongside 0.4 mg/kg of selenium oxide. 

This enhancement in growth performance compared to the control group can be 

attributed to the essential roles played by these micronutrients in aquatic animals 

(Khan et al., 2016; Wang et al., 2003). Individual supplementation with these 

nutrients has been linked to several benefits, including enhanced erythrocyte 

production and reduced fat accumulation in liver tissue (Góth, 1991; Khan et al., 

2015). 

Moreover, the fish receiving a diet enriched with both silymarin and selenium 

exhibited the lowest FCR and the highest PER compared to those on the control diet 

without supplements or the negative control containing only selenium. These findings 

can be ascribed to the presence of bioactive compounds in silymarin and selenium, 

which not only enhance feed efficiency but also impact protein retention. In support 

of this, Citarasu (2010) and Khan et al. (2016) have previously documented that the 

active components in plant extracts and micronutrients from selenium can enhance 

nutrient digestibility and availability. This, in turn, results in improved feed utilization 

and ultimately leads to increased protein synthesis. 

Similar positive outcomes regarding growth development and feed utilization 

efficiency were observed with silymarin extract supplementation in studies on C. 



idellus by Jia et al. (2013) and on C. carpio by Xiao et al. (2017). However, Yi et al. 

(2012) found no remarkable impacts on the growth performance or feed utilization of 

Carassius auratus gibelio when supplementing with silymarin extract or flavomycin. 

These discrepancies in results might be explained by variations in fish species, rearing 

environments, or the differing compositions of the diets employed. 

Taken together, the current investigation unveils a robust synergistic interplay 

between dietary silymarin and selenium. The concurrent supplementation of these 

micronutrients in L. ramada feed exhibited a notable enhancement in growth and feed 

utilization parameters, including FBW, WG, ADG, SGR, and PER, accompanied by a 

significant reduction in FCR. 

While our results demonstrate a noticeable improvement in the growth of fish 

and feed utilization with the inclusion of silymarin and selenium, the analysis of the 

proximate composition of L. ramada whole-body revealed consistent values across all 

treatments for moisture, protein, fat, and ash content. This compositional stability 

aligns with prior research in other fish species conducted under diverse experimental 

conditions (Abdel-Latif et al., 2023; Lin et al., 2021). The lack of significant 

variations in these proximate components suggests that the dietary interventions 

incorporating silymarin and selenium did not exert discernible effects on the 

fundamental composition of L. ramada whole-body tissues. 

Dietary constituents in fish feed can influence organismal biochemical 

parameters by affecting metabolic processes. Alterations in ALT and AST activities in 

the liver, serum, and blood serve as indicators of liver health, damage, and cell 

membrane integrity in fish (Çiçek and Özoğul, 2021). Elevated enzyme levels often 

signify hepatic injury, indicating enzyme leakage from hepatocytes (Brusle and 

Anadon, 1996). 

In the current experiment, the control diet led to substantially increased serum 

AST and ALT contents compared to other dietary groups. Selenium or silymarin 

supplementation effectively mitigated these elevated enzyme levels, with the lowest 

concentrations observed in groups supplemented with both silymarin and selenium. 

This aligns with previous findings showing that silymarin in O. niloticus diets reduced 

ALT and AST activities (Hassaan et al., 2019), and in Oncorhynchus mykiss, dietary 

silymarin controlled the activity of the AST and ALT enzymes (Banaee et al., 2011). 

However, contrasting results were reported by Al-Shawi et al. (2022) in Cyprinus 

carpio, where silymarin extract did not affect enzyme activities. These discrepancies 

may be attributed to differences in fish species, silymarin doses, or experimental 

designs across the studies. 

The liver is the primary site of selenium accumulation in fish (Hodson and 

Hilton, 1983), and liver tissue degeneration has been observed in fish exposed to 

selenium (Sorensen and Bauer, 1984). Our results are consistent with Hao et al. 



(2014), who reported decreased ALT and AST in loach with selenium 

supplementation. Conversely, Abdel-Tawwab et al. (2007) found elevated AST and 

ALT activities in Clarias gariepinus fed organic selenium. Our findings suggest 

improved liver functions and hepatoprotective effects from dietary silymarin and 

selenium, which may be related to the hepatoprotective and antioxidant properties of 

silymarin (Abenavoli et al., 2018; Owatari et al., 2018) and hepatoprotective 

properties of flavonoids (Davila et al., 1989). The hepatoprotective effects could be 

linked to silybin, a component of silymarin known for its antioxidant activities against 

free radicals and metal ions. It inhibits lipid peroxidation and safeguards membrane 

permeability properties, thereby counteracting hepatic injury (Borsari et al., 2001). 

Elevation in urea and creatinine levels is indicative of renal and gill 

dysfunction (Nelson et al., 1999). Based on our findings, no significant differences 

were observed in the levels of urea and creatinine between L. ramada fed diets 

supplemented with silymarin and selenium and those fed the reference diet. This 

implies that dietary supplementation with silymarin and selenium has beneficial 

effects on fish renal functions without posing a risk to their kidneys. 

Fish supplemented with both 650 and 850 mg SI/kg and selenium showed 

increased total protein and globulin content, along with decreased albumin levels 

compared to other groups. This aligns with the findings of Bunglavan et al. (2014), 

who observed that elevated serum globulin and a reduced albumin: globulin ratio 

indicated enhanced immunity in laboratory animals. Therefore, incorporating dietary 

silymarin and selenium at 650 and 850 mg SI/kg alongside selenium appears to 

positively impact the immune status of L. ramada. Similar observations were made in 

rainbow trout, where diets enriched with 100 and 800 mg silymarin/kg resulted in 

significantly higher total plasma protein levels compared to the control group (Banaee 

et al., 2011). Additionally, Abdel-Tawwab et al. (2007) found that C. gariepinus fed a 

diet containing 0.5 g of organic Se/kg exhibited elevated levels of albumin, globulin, 

and total protein. 

Assessing the antioxidative response is crucial for measuring fish health 

(Elumalai et al., 2020; Mahboub et al., 2022). Groups supplemented with both 

silymarin and selenium exhibited significantly higher glutathione peroxidase (GPx) 

activity compared to the selenium-only and control diet groups. However, superoxide 

dismutase (SOD) and catalase (CAT) activities remained unchanged in the selenium-

supplemented group compared to the groups receiving both silymarin and selenium. 

Similar findings regarding dietary silymarin were reported in O. niloticus (Hassaan et 

al., 2019), P. hypophthalmus (Abdel-Latif et al., 2023), and C. gariepinus (El-

Houseiny et al., 2022). Hao et al. (2014) observed significantly increased GPx and 

SOD activities in loach liver tissues fed a diet with 0.5 mg Se/kg, aligning with our 

selenium-related observations. Notably, the group with 0.48 mg Se/kg displayed the 



lowest levels of malondialdehyde (MDA). This suggests a possible synergistic 

antioxidative effect of combined silymarin and selenium supplementation, particularly 

on GPx activity. 

Dietary strategies can modulate the immune response in fish by influencing 

immune cells through various pathways, including metabolic, neurological, and 

endocrine mechanisms (Pedersen and Hoffman-Goetz, 2000). In fish, phagocytosis, a 

critical defense mechanism against pathogens, involves lysozyme activity, 

bactericidal activity, respiratory burst activity (measured by Nitroblue Tetrazolium, 

NBT), and serum complement activity (ACH50) (Kumari and Sahoo, 2005). 

Lysozyme, known for its antimicrobial properties, plays a key role in the innate 

immune system and serves as a vital marker for evaluating the overall immune 

function across various fish species (Saurabh and Sahoo, 2008). Produced by 

leukocytes, lysozyme breaks down the cell walls of microorganisms and triggers the 

production of lysozyme, further activating the immune complement system (Cecchini 

et al., 2000). NBT activity represents a significant indicator of the innate immune 

defense mechanism in fish (Miyazaki, 1998), while bactericidal activity is essential 

for the host's ability to combat pathogens (Kawakami et al., 2000). Interestingly, in 

our study, groups supplemented with silymarin and selenium exhibited the highest 

lysozyme, bactericidal, NBT%, and ACH50 activities compared to the selenium-

supplemented group and the control diet group, which displayed the lowest activities 

of these parameters. 

Several studies have reported increased serum lysozyme activity in fish 

species fed diets containing S. marianum, including C. gariepinus (El-Houseiny et al., 

2022), O. mykiss (Ahmadi et al., 2012), and C. carpio (Alishahi et al., 2011). 

Similarly, S. maximus receiving silymarin-based diets exhibited higher serum 

lysozyme activities compared to those on non-silymarin diets (Wang et al., 2019 a). 

Moreover, Abdel-Latif et al. (2023) observed elevated levels of total immunoglobulin 

and lysozyme in the serum of P. hypophthalmus fed milk thistle extract (MTE; 

Silybum marianum) for 60 days. These findings suggest that silymarin possesses 

immune-modulating properties, likely due to its functional phytochemicals like 

flavonoids, phenolic acids, and polyphenols (Abenavoli et al., 2018; Ahmadifar et al., 

2021). Additionally, selenium supplementation has been shown to enhance B-

lymphocyte production, which significantly improves fish lysozyme activity and 

ultimately strengthens their immune system (Khan et al., 2015). 

Nutrigenomics has emerged as a powerful tool for exploring the impact of 

nutrients on aquaculture development (Alhoshy et al., 2022; El Basuini et al., 2020; 

Shadrack et al., 2022; Shehata et al., 2022). Researchers are actively investigating the 

intricate relationship between functional genes and their expression profiles, 

uncovering fascinating connections between optimal feeding strategies, performance, 



and health in aquatic organisms. Compelling evidence suggests that various nutrients 

and formulated feeds can regulate gene expression within individual cells, leading to 

enhanced growth development and robust immunity in aquatic species (Alhoshy et al., 

2022; El Basuini et al., 2020; Shadrack et al., 2022; Shehata et al., 2022). 

As far as we know, no information has been acquired regarding the immune 

response-related genes in diets with silymarin and selenium for L. ramada. We 

assessed the mRNA abundance of crucial genes associated with immunity, marking 

the first inaugural report on this subject. The roles of Interleukin 1-β (IL-1β) and 

hepcidin genes are pivotal in understanding various physiological processes. IL-1β, a 

pro-inflammatory cytokine, plays a crucial role in the regulation of immune responses 

and inflammation. It is involved in the activation of immune cells and the induction of 

fever, contributing to the body's defense mechanisms (Younis et al., 2021). On the 

other hand, hepcidin, a key regulator of iron homeostasis, plays a central role in 

controlling iron levels in the body. It regulates iron absorption in the intestines, iron 

release from macrophages, and iron transport in the bloodstream. The balance 

maintained by hepcidin is essential for preventing both iron deficiency and iron 

overload, ensuring optimal functioning of various physiological processes (Rodrigues 

et al., 2006). 

Understanding the roles of IL-1β and hepcidin genes is vital in unraveling their 

contributions to immune response regulation and iron metabolism, shedding light on 

potential implications for health and disease. The current study revealed that feeding 

supplementation levels of silymarin alongside Se in L. ramada significantly down- 

regulated the expression of liver pro-inflammatory genes, including il-1β and hepcidin 

compared to the control group. Studies have shown that silymarin and selenium can 

prevent inflammation by reducing pro-inflammatory cytokines and boosting anti-

inflammatory cytokines (Antony Jesu Prabhu et al., 2020; Hassaan et al., 2019).  

Examining the histomorphology of the intestine and liver is crucial for gaining 

insights into the normal and abnormal physiological conditions of fish (Abdel-Latif et 

al., 2023; Abdel-Latif et al., 2024). In the present study, the intestinal histology of L. 

ramada displayed intact structures of the intestinal wall and villi across all groups. 

The control group exhibited a tunica mucosa composed of regularly arranged 

enterocytes, propria submucosa, tunica muscularis, and outer serosa. Histological 

observations indicated marginal improvement in fish treated with selenium alone, 

moderate improvement at low silymarin levels in combination with selenium, and 

significant enhancement at moderate and high silymarin levels alongside selenium. 

This enhancement manifested as increased villous height and villous area. Similar 

findings were reported in S. maximus diets supplemented with silymarin, preserving 

normal intestinal histology and enhancing histomorphometric parameters like 

microvilli and villi height (Wang et al., 2019 a). Additionally, Silymarin 



supplementation led to improved intestinal histology in P. hypophthalmus and 

juvenile C. idella (Abdel-Latif et al., 2023; Wei et al., 2020). Comparable results were 

observed in juvenile Lates calcarifer (Ilham et al., 2016) and O. niloticus (Ghazi et al., 

2022) when supplemented with selenium. 

The histopathological examination of the liver in the control group revealed a 

spongy appearance of hepatocytes with irregular fat vacuoles around the hepatic 

central vein (white arrowhead). In contrast, selenium-treated fish exhibited intact 

hepatocytes with centrally located vesicular nuclei. Other groups displayed improved 

hepatic architecture with increased glycogen evidence and the presence of 

Melanomacrophage centers in some cases. Common carp, when fed diets 

incorporating S. marianum, exhibited normal histological sections in their 

hepatopancreatic tissues (Jindal et al., 2019). Similarly, C. gariepinus were observed 

to maintain a normal histomorphological structure in their hepatopancreatic tissues 

(El-Houseiny et al., 2022) and P. hypophthalmus (Abdel-Latif et al., 2023). Selenium 

yielded similar results in O. niloticus (Iqbal et al., 2020) and juvenile L. calcarifer 

(Ilham et al., 2016). The authors elucidated these findings by highlighting the 

synergistic effects of silymarin and selenium in enhancing the physical barrier 

function of the fish intestine, subsequently contributing to the maintenance of 

histological integrity. 

 

Conclusion 

In conclusion, the present study sheds light on the synergistic benefits of 

dietary supplementation with silymarin and selenium in enhancing the growth 

performance, immune response, gene expression, and histomorphological features of 

Liza ramada. The combined supplementation exhibited notable improvements in 

parameters such as fish body weight, growth rate, feed efficiency, and immune 

activities, as evidenced by elevated lysozyme, bactericidal, NBT%, and ACH50 

activities. Histological examinations of the intestine and liver revealed significant 

enhancements in structural integrity, particularly in villous height, villous area, and 

hepatic architecture. These positive effects were more pronounced at moderate and 

high levels of silymarin (650 mg/kg and 850 mg/kg, respectively) alongside selenium 

(0.5 mg/kg). Considering the observed benefits, it is recommended to incorporate 

silymarin at a concentration of 850 mg/kg in the diet, supplemented alongside 

selenium at 0.5 mg/kg, for optimal results in promoting the growth, health, gene 

expression and overall well-being of L. ramada. This tailored dietary approach has the 

potential to offer valuable advancements in aquaculture practices, contributing to the 

sustainable development of fish farming industries. 

 

References 



Abdel-Latif H.M.R., Shukry M., Noreldin A.E., Ahmed H.A., El-Bahrawy A., Ghetas 

H.A., Khalifa E. (2023). Milk thistle (Silybum marianum) extract improves 

growth, immunity, serum biochemical indices, antioxidant state, hepatic 

histoarchitecture, and intestinal histomorphometry of striped catfish, 

Pangasianodon hypophthalmus. Aquaculture, 562: 738761. 

Abdel-Latif H.M.R., Soliman A.A., Gewaily M.S., Amer A.A., Shukry M., Khalil 

R.H., Shehata A.I. (2024). Dietary effects of Saccharomyces cerevisiae and 

Allium sativum on growth, antioxidant status, hepatic and intestinal 

histoarchitecture, expression of growth- and immune-related genes, and 

resistance of Oreochromis niloticus to Aeromonas sobria. Fish Shellfish 

Immunol., 148: 109493. 

Abdel-Mageid A.D., Zaki A.G., El Senosi Y.A., Fahmy H.A., El Asely A.M., Abo-

Al-Ela H.G., El-Kassas S. (2020). Modulatory effect of lipopolysaccharide on 

immune-related gene expression and serum protein fractionation in grey 

mullet, Mugil cephalus. Aquac. Res., 51: 1643–1652. 

Abdel-Moneim A.M., Al-Kahtani M.A., El-Kersh M.A., Al-Omair M.A. (2015). Free 

Radical-Scavenging, Anti-Inflammatory/Anti-Fibrotic and Hepatoprotective 

Actions of Taurine and Silymarin against CCl4 Induced Rat Liver Damage. 

PloS One, 10: e0144509. 

Abdel-Tawwab M., Mousa M.A.A., Abbass F.E. (2007). Growth performance and 

physiological response of African catfish, Clarias gariepinus (B.) fed organic 

selenium prior to the exposure to environmental copper toxicity. Aquaculture, 

272: 335–345. 

Abenavoli L., Izzo A.A., Milić N., Cicala C., Santini A., Capasso R. (2018). Milk 

thistle (Silybum marianum): A concise overview on its chemistry, 

pharmacological, and nutraceutical uses in liver diseases. Phytother. Res., 32: 

2202–2213. 

Ahmadi K., Banaee M., Vosoghei A.R., Mirvaghefei A.R., Ataeimehr B. (2012). 

Evaluation of the immunomodulatory effects of silymarin extract (Silybum 

marianum) on some immune parameters of rainbow trout, Oncorhynchus 

mykiss (Actinopterygii: Salmoniformes: Salmonidae). Acta Ichthyol. Piscat., 

42: 113–120. 

Ahmadifar E., Yousefi M., Karimi M., Fadaei Raieni R., Dadar M., Yilmaz S., 

Dawood M.A.O., Abdel-Latif H.M.R. (2021). Benefits of dietary polyphenols 

and polyphenol-rich additives to aquatic animal health: An overview. Rev. 

Fish. Sci. Aquac., 29: 478–511. 

Ahmed N., Thompson S., Glaser M. (2019). Global aquaculture productivity, 

environmental sustainability, and climate change adaptability. Environ. 

Manage., 63: 159–172. 



Akbari B., Baghaei-Yazdi N., Bahmaie M., Mahdavi Abhari F. (2022). The role of 

plant-derived natural antioxidants in reduction of oxidative stress. BioFactors, 

48: 611–633. 

Al-Jubouri S.K.A., Al-Obaydi T.S.M. (2021). Effect of additives of Silybum 

marianum in some growth performance of common carp Cyprinus carpio L. 

Plant Arch., 21: 1162–1165. 

Al-Shawi S.G., Yousif A.Y., Al-Younis Z.K., Shichiyakh R.A., Zekiy A.O., 

Naserabad S.S. (2022). Dietary silymarin, extract ameliorates cadmium 

chloride toxicity in common carp. Ann. Anim. Sci., 22: 741–750. 

Alhoshy M., Shehata A.I., Habib Y.J., Abdel-Latif H.M.R., Wang Y., Zhang Z. 

(2022). Nutrigenomics in crustaceans: Current status and future prospects. 

Fish Shellfish Immunol., 129: 1–12. 

Ali S.E., Jansen M.D., Mohan C.V., Delamare-Deboutteville J., Charo-Karisa H. 

(2020). Key risk factors, farming practices and economic losses associated 

with tilapia mortality in Egypt. Aquaculture, 527: 735438. 

Alishahi M., Soltani M., Mesbah M., Rad A. (2011). Effects of dietary Silybum 

marianum extract on immune parameters of the common carp (Cyprinus 

carpio). J. Vet. Res., 66: 255–286. 

Antony Jesu Prabhu P., Holen E., Espe M., Silva M.S., Holme M.-H., Hamre K., 

Lock E.-J., Waagbø R. (2020). Dietary selenium required to achieve body 

homeostasis and attenuate pro-inflammatory responses in Atlantic salmon 

post-smolt exceeds the present EU legal limit. Aquaculture, 526: 735413. 

AOAC (2000). Official methods of analysis of the Association of Official Analytical 

Chemists (Association of official analytical chemists). 

Arun S., Krishnamoorthy P., Subramanian P. (1999). Properties of glutathione 

peroxidase from the hepatopancreas of freshwater prawn Macrobrachium 

malcolmsonii. Int. J. Biochem. Cell Biol., 31: 725–732. 

Banaee M., Sureda A., Mirvaghefi A.R., Rafei G.R. (2011). Effects of long-term 

silymarin oral supplementation on the blood biochemical profile of rainbow 

trout (Oncorhynchus mykiss). Fish Physiol. Biochem., 37: 885–896. 

Bertucci J.I., Blanco A.M., Sundarrajan L., Rajeswari J.J., Velasco C., Unniappan S. 

(2019). Nutrient regulation of endocrine factors influencing feeding and 

growth in fish. Front. Endocrinol., 10. 

Borsari M., Gabbi C., Ghelfi F., Grandi R., Saladini M., Severi S., Borella F. (2001). 

Silybin, a new iron-chelating agent. J. Inorg. Biochem., 85: 123–129. 

Brusle J., Anadon G. (1996). The structure and function of fish liver. Fish 

Morphology. Munshi J.S.D.,  Dutta H.M. (eds). Science Publishers Inc. 

Buckley W. (2000). Trace element dynamics. CAB International Publishing, New 

York, pp. 161–182. 



Bunglavan S., Garg A., Dass R., Shrivastava S. (2014). Effect of supplementation of 

different levels of selenium as nanoparticles/sodium selenite on blood 

biochemical profile and humoral immunity in male Wistar rats. Vet. World., 7. 

Byadgi O., Chen Y.-C., Barnes A.C., Tsai M.-A., Wang P.-C., Chen S.-C. (2016). 

Transcriptome analysis of grey mullet (Mugil cephalus) after challenge with 

Lactococcus garvieae. Fish Shellfish Immunol., 58: 593–603. 

Cecchini S., Terova G., Caricato G., Saroglia M. (2000). Lysozyme activity in 

embryos and larvae of sea bass (Dicentrarchus labrax L.), spawned by 

broodstock fed with vitamin C enriched diets. Bull. Eur. Assoc. Fish Pathol., 

20: 120–124. 

Çiçek S., Özoğul F. (2021). Effects of selenium nanoparticles on growth performance, 

hematological, serum biochemical parameters, and antioxidant status in fish. 

Anim. Feed Sci. Technol., 281: 115099. 

Citarasu T. (2010). Herbal biomedicines: a new opportunity for aquaculture industry. 

Aquac Int., 18: 403–414. 

Cusack L.K., Eagles-Smith C., Harding A.K., Kile M., Stone D. (2017). Selenium: 

Mercury molar ratios in freshwater fish in the columbia river basin: Potential 

applications for specific fish consumption advisories. Biol. Trace Elem. Res., 

178: 136–146. 

Davila J.C., Lenherr A., Acosta D. (1989). Protective effect of flavonoids on drug-

induced hepatotoxicity in vitro. Toxicology, 57: 267–286. 

Dawood M.A.O., Koshio S., Esteban M.Á. (2018). Beneficial roles of feed additives 

as immunostimulants in aquaculture: a review. Rev. Aquac., 10: 950–974. 

Dickson M., Nasr-Allah A., Kenawy D., Kruijssen F. (2016). Increasing fish farm 

profitability through aquaculture best management practice training in Egypt. 

Aquaculture, 465: 172–178. 

El-Houseiny W., Abd El-Hakim Y.M., Metwally M.M.M., Abdel Ghfar S.S., Khalil 

A.A. (2022). The single or combined Silybum marianum and co-enzyme Q10 

role in alleviating fluoride-induced impaired growth, immune suppression, 

oxidative stress, histological alterations, and reduced resistance to Aeromonas 

sobria in African catfish (Clarias gariepinus). Aquaculture, 548: 737693. 

El Basuini M.F., Teiba I.I., Zaki M.A.A., Alabssawy A.N., El-Hais A.M., Gabr A.A., 

Dawood M.A.O., Zaineldin A.I., Mzengereza K., Shadrack R.S., Dossou S. 

(2020). Assessing the effectiveness of CoQ10 dietary supplementation on 

growth performance, digestive enzymes, blood health, immune response, and 

oxidative-related genes expression of Nile tilapia (Oreochromis niloticus). 

Fish Shellfish Immunol., 98: 420–428. 

Elumalai P., Kurian A., Lakshmi S., Faggio C., Esteban M.A., Ringø E. (2020). 

Herbal Immunomodulators in Aquaculture. Rev. Fish. Sci. Aquac., 29: 33–57. 



Fonseca S.B.d., Silva J.H.V.d., Beltrão Filho E.M., Mendes P.d.P., Fernandes J.B.K., 

Amancio A.L.L., Jordão Filho J., Lacerda P.B.d., Silva F.R.P.d. (2013). 

Influence of levels and forms of selenium associated with levels of vitamins C 

and E on the performance, yield and composition of tilapia fillet. Food Sci. 

Technol., 33: 109–115. 

Gallage S., Katagiri T., Endo M., Futami K., Endo M., Maita M. (2016). Influence of 

moderate hypoxia on vaccine efficacy against Vibrio anguillarum in 

Oreochromis niloticus (Nile tilapia). Fish Shellfish Immunol., 51: 271–281. 

Ghazi S., Diab A.M., Khalafalla M.M., Mohamed R.A. (2022). Synergistic effects of 

selenium and zinc oxide nanoparticles on growth performance, hemato-

biochemical profile, immune and oxidative stress responses, and intestinal 

morphometry of Nile Tilapia (Oreochromis niloticus). Biol. Trace Elem. Res., 

200: 364–374. 

Góth L. (1991). A simple method for determination of serum catalase activity and 

revision of reference range. Clin. Chim. Acta., 196: 143–151. 

Hao X., Ling Q., Hong F. (2014). Effects of dietary selenium on the pathological 

changes and oxidative stress in loach (Paramisgurnus dabryanus). Fish 

Physiol. Biochem., 40: 1313–1323. 

Hassaan M.S., Mohammady E.Y., Soaudy M.R., El-Garhy H.A.S., Moustafa M.M.A., 

Mohamed S.A., El-Haroun E.R. (2019). Effect of Silybum marianum seeds as 

a feed additive on growth performance, serum biochemical indices, 

antioxidant status, and gene expression of Nile tilapia, Oreochromis niloticus 

(L.) fingerlings. Aquaculture, 509: 178–187. 

Hilton J.W., Hodson P.V., Slinger S.J. (1980). The requirement and toxicity of 

selenium in rainbow trout (Salmo Gairdneri). J. Nutr., 110: 2527–2535. 

Hodson P., Hilton J. (1983). The nutritional requirements and toxicity to fish of 

dietary and waterborne selenium. Ecol. Bull., 77: 335–340. 

Hoffmann P.R., Berry M.J. (2008). The influence of selenium on immune responses. 

Mol. Nutr. Food Res., 52: 1273–1280. 

Ilham I., Siddik M.A.B., Fotedar R. (2016). Effects of organic selenium 

supplementation on growth, accumulation, haematology and histopathology of 

juvenile Barramundi (Lates calcarifer) fed high soybean meal diets. Biol. 

Trace Elem. Res., 174: 436–447. 

Iqbal S., Atique U., Mughal M.S., Younus M., Rafique M.K., Haider M.S., Iqbal 

H.S., Sherzada S., Khan T.A. (2020). Selenium-supplemented diet influences 

histological features of liver and kidney in Tilapia (Oreochromis niloticus). 

Jordan J. Biol. Sci., 13. 



Jamil Z. (2013). Effects of inorganic and nanoform of selenium on growth 

performance and biochemical indices of mahseer (Tor putitora). J. World 

Aquac. Soc., 35: 245–252. 

Javeed A., Ahmed M., Sajid A.R., Sikandar A., Aslam M., Hassan T.u., Samiullah, 

Nazir Z., Ji M., Li C. (2022). Comparative assessment of phytoconstituents, 

antioxidant activity and chemical analysis of different parts of Milk Thistle 

Silybum marianum L. Molecules, 27: 2641. 

Jia R., Cao L., Du J., Xu P., Jeney G., Yin G. (2013). The protective effect of 

silymarin on the carbon tetrachloride (CCl4)-induced liver injury in common 

carp (Cyprinus carpio). In Vitro Cell. Dev. Biol. Anim., 49: 155–161. 

Jin M. (2007). Study on selenium deficiency symptom and mechanism and 

requirement in juvenile common carps: Sichuan, China: Sichuan Agricultural 

University. 

Jindal R., Sinha R., Brar P. (2019). Evaluating the protective efficacy of Silybum 

marianum against deltamethrin induced hepatotoxicity in piscine model. 

Environ. Toxicol. Pharmacol., 66: 62–68. 

Kawakami H., Yamashita H., Sakai M. (2000). Comparative Sensitivity of Yellowtail 

Seriolu quinqueradiata and Goldstriped Amberjack S. aureovittata to 

Photobacterium damsela subsp. piscicida. J. World Aquac. Soc., 31: 213–217. 

Khan K.U., Zuberi A., Nazir S., Fernandes J.B.K., Jamil Z., Sarwar H. (2016). Effects 

of dietary selenium nanoparticles on physiological andbiochemical aspects of 

juvenile Tor putitora. Turk. J. Zool., 40: 704–712. 

Khan K.U., Zuberi A., Ullah I. (2015). Effects of graded level of dietary l-ascorbyl-2-

polyphosphate on growth performance and some hematological indices of 

juvenile Mahseer (Tor putitora). Int. J. Agric. Sci., 17: p821. 

Kim Y., Mahan D. (2003). Biological aspects of selenium in farm animals. Asian-

Australas. J. Anim. Sci., 16: 435–444. 

Kumari J., Sahoo P.K. (2005). Effects of cyclophosphamide on the immune system 

and disease resistance of Asian catfish Clarias batrachus. Fish Shellfish 

Immunol., 19: 307–316. 

Lee S., Nambi R.W., Won S., Katya K., Bai S.C. (2016). Dietary selenium 

requirement and toxicity levels in juvenile Nile tilapia, Oreochromis niloticus. 

Aquaculture, 464: 153–158. 

Li Z.-M., Wang X.-L., Jin X.-M., Huang J.-Q., Wang L.-S. (2023). The effect of 

selenium on antioxidant system in aquaculture animals. Front. Physiol., 14: 

1153511. 

Lin F., Zhang H., Yu J., Yu C., Chen C., Sun Z., Wang S., Wen X. (2021). Effects of 

dietary selenium on growth performance, antioxidative status and tissue 



selenium deposition of juvenile Chu's croaker (Nibea coibor). Aquaculture, 

536: 736439. 

Lin Y.-H., Shiau S.-Y. (2005). Dietary selenium requirements of juvenile grouper, 

Epinephelus malabaricus. Aquaculture, 250: 356–363. 

Liu L.W., Liang X.-F., Li J., Fang J.G., Yuan X.C., Li J., Alam M.S. (2018). Effects 

of dietary selenium on growth performance and oxidative stress in juvenile 

grass carp Ctenopharyngodon idellus. Aquac. Nutr., 24: 1296–1303. 

Lu W., Ahmed W., Mahmood M., Wenjie O., Jiannan L., Yunting W., Jie Y., Wenxin 

X., Xiuxian F., Zhao H., Liu W., Li W., Mehmood S. (2024). A study on the 

effectiveness of sodium selenite in treating cadmium and perfluoro octane 

sulfonic (PFOS) poisoned zebrafish (Danio rerio). Biol. Trace Elem. Res., 

202: 319–331 

Lygren B., Sveier H., Hjeltnes B., Waagbø R. (1999). Examination of the 

immunomodulatory properties and the effect on disease resistance of dietary 

bovine lactoferrin and vitamin C fed to Atlantic salmon (Salmo salar) for a 

short-term period. Fish Shellfish Immunol., 9: 95–107. 

Magouz F., Abu-Ghanima H., Zaineldin A.I., Gewaily M.S., Soliman A., Amer A.A., 

Moustafa E.M., Younis E.M., Abdel-Warith A.-W.A., Davies S.J., Van Doan 

H., Tapingkae W., Dawood M.A.O. (2022). Dietary Bacillus subtilis relieved 

the growth retardation, hepatic failure, and antioxidative depression induced 

by ochratoxin A in Thinlip Mullet (Liza ramada). Aquac. Rep., 22: 100984. 

Mahboub H.H., Elsheshtawy H.M., Sheraiba N.I., Fahmy E.M., masoud S.R., 

Mohamed E.A.A., Abdelnaeim N.S., Mohamed D.I., Ismail T.A., Ahmed 

S.A.A. (2022). Dietary black cumin (Nigella sativa) improved hemato-

biochemical, oxidative stress, gene expression, and immunological response of 

Nile tilapia (Oreochromis niloticus) infected by Burkholderia cepacia. Aquac. 

Rep., 22: 100943. 

Mahrous K.F., Mabrouk D.M., Aboelenin M.M., Abd El H.A. (2021). Identification 

and characterization of antimicrobial peptide genes in Clarias gariepinus and 

Chelon ramada. Jordan J. Biol. Sci., 14. 

Misra H.P., Fridovich I. (1972). The role of superoxide anion in the autoxidation of 

epinephrine and a simple assay for superoxide dismutase. J. Biol. Chem., 247: 

3170–3175. 

Miyazaki T. (1998). A simple method to evaluate respiratory burst activity of blood 

phagocytes from Japanese flounder. Fish Pathol., 33: 141–142. 

Nelson K., Jones J., Jacobson S., Reimschuessel R. (1999). Elevated blood urea 

nitrogen (BUN) levels in goldfish as an indicator of gill dysfunction. J. Aquat. 

Anim. Health., 11: 52–60. 



Owatari M.S., Alves Jesus G.F., Brum A., Pereira S.A., Lehmann N.B., de Pádua 

Pereira U., Martins M.L., Pedreira Mouriño J.L. (2018). Sylimarin as hepatic 

protector and immunomodulator in Nile tilapia during Streptococcus 

agalactiae infection. Fish Shellfish Immunol., 82: 565–572. 

Pedersen B.K., Hoffman-Goetz L. (2000). Exercise and the Immune System: 

Regulation, Integration, and Adaptation. Physiol. Rev., 80: 1055–1081. 

Percie du Sert N., Hurst V., Ahluwalia A., Alam S., Avey M.T., Baker M., Browne 

W.J., Clark A., Cuthill I.C., Dirnagl U., Emerson M., Garner P., Holgate S.T., 

Howells D.W., Karp N.A., Lazic S.E., Lidster K., MacCallum C.J., Macleod 

M., Pearl E.J., Petersen O.H., Rawle F., Reynolds P., Rooney K., Sena E.S., 

Silberberg S.D., Steckler T., Würbel H. (2020). The ARRIVE guidelines 2.0: 

Updated guidelines for reporting animal research. J. Cereb. Blood Flow 

Metab., 40: 1769–1777. 

Pulido-Rodriguez L.F., Cardinaletti G., Secci G., Randazzo B., Bruni L., Cerri R., 

Olivotto I., Tibaldi E., Parisi G. (2021). Appetite regulation, growth 

performances and fish quality are modulated by alternative dietary protein 

ingredients in Gilthead Sea Bream (Sparus aurata) culture. Animals, 11: 1919. 

Ralston N.V.C., Ralston C.R., Raymond L.J. (2016). Selenium health benefit values: 

Updated criteria for mercury risk assessments. Biol. Trace Elem. Res., 171: 

262–269. 

Reverter M., Tapissier-Bontemps N., Sarter S., Sasal P., Caruso D. (2021). Moving 

towards more sustainable aquaculture practices: a meta-analysis on the 

potential of plant-enriched diets to improve fish growth, immunity and disease 

resistance. Rev. Aquac., 13: 537–555. 

Rodrigues P.N.S., Vázquez-Dorado S., Neves J.V., Wilson J.M. (2006). Dual function 

of fish hepcidin: Response to experimental iron overload and bacterial 

infection in sea bass (Dicentrarchus labrax). Dev. Comp. Immunol., 30: 

1156–1167. 

Saurabh S., Sahoo P.K. (2008). Lysozyme: an important defence molecule of fish 

innate immune system. Aquac. Res., 39: 223–239. 

Secombes C.J. (1990). Isolation of salmonid macrophages and analysis of their killing 

activity. Tech. Fish Immunol., 1: 137–163. 

Shadrack R.S., Manabu I., Koshio S., Yokoyama S., Zhang Y., Mzengereza K., El 

Basuini M.F., Dawood M.A.O. (2022). Effects of single and mixture probiotic 

supplements on growth, digestive activity, antioxidative status, immune and 

growth-related genes, and stress response of juvenile red sea bream (Pagrus 

Major). Aquac. Nutr., 2022: 8968494. 

Shahin S.A., Mansour A.T., Abdel-Rahim M.M., El-Dahhar A.A., El Basuini M.F., 

Elhetawy A.I.G. (2023). Silymarin, Silybum marianum, Supplemented 



Weaning Diet Boosted Survival, Growth, Antioxidant Status, and Fatty Acids 

Profile of Seabass, Dicentrarchus labrax. Ann. Anim. Sci., 23: 253–264. 

Shehata A.I., Alhoshy M., Wang T., Wang J., Wang R., Dawood M.A.O., Zaki 

M.A.A., Wang Y., Zhang Z. (2022). Expression of reproduction and 

antioxidant-related genes in crayfish Cherax quadricarinatus fed with dietary 

feed additives. Aquac Int., 30: 699–720. 

Sorensen E.M.B., Bauer T.L. (1984). Planimetric analysis of redear sunfish (Lepomis 

microlophus) hepatopancreas following selenium exposure. Environ. Toxicol. 

Chem., 3: 159–165. 

Toutou M.M., Abdelhamid A.M., Helmy A.E., Abouzied A.S., Refaey M.M. (2023). 

Evaluation of alternative non-traditional lipid sources in diet for Thinlip grey 

mullet, Liza ramada fingerlings. Egypt. J. Aquat. Res. 

Van Soest P.J., Robertson J.B., Lewis B.A. (1991). Methods for dietary fiber, neutral 

detergent fiber, and nonstarch polysaccharides in relation to animal nutrition. 

J. Dairy Sci., 74: 3583–3597. 

Wang J., He R.-Z., Lu G.-L., Luo H.-L., Lu D.-Q., Li A.-X. (2018). Vaccine-induced 

antibody level as the parameter of the influence of environmental salinity on 

vaccine efficacy in Nile tilapia. Fish Shellfish Immunol., 82: 522–530. 

Wang J., Zhou H., Wang X., Mai K., He G. (2019a). Effects of silymarin on growth 

performance, antioxidant capacity and immune response in turbot 

(Scophthalmus maximus L.). J. World Aquac. Soc., 50: 1168–1181. 

Wang L., Xiao J.-X., Hua Y., Xiang X.-W., Zhou Y.-F., Ye L., Shao Q.-J. (2019b). 

Effects of dietary selenium polysaccharide on growth performance, oxidative 

stress and tissue selenium accumulation of juvenile black sea bream, 

Acanthopagrus schlegelii. Aquaculture, 503: 389–395. 

Wang T., Wang X., Shehata A.I., Wang R., Yang H., Wang Y., Wang J., Zhang Z. 

(2022). Growth performance, physiological and antioxidant capacity responses 

to dietary fish meal replacement with insect meals for aquaculture: A case 

study in red claw crayfish (Cherax quadricarinatus). Aquac. Res., 53: 3853–

3864. 

Wang W., Mai K., Zhang W., Xu W., Ai Q., Liufu Z., Li H. (2012). Dietary selenium 

requirement and its toxicity in juvenile abalone Haliotis discus hannai Ino. 

Aquaculture, 330–333: 42–46. 

Wang X., Kim K.-W., Bai S.C., Huh M.-D., Cho B.-Y. (2003). Effects of the different 

levels of dietary vitamin C on growth and tissue ascorbic acid changes in 

parrot fish (Oplegnathus fasciatus). Aquaculture, 215: 203–211. 

Wang Y., Han J., Li W., Xu Z. (2007). Effect of different selenium source on growth 

performances, glutathione peroxidase activities, muscle composition and 



selenium concentration of allogynogenetic crucian carp (Carassius auratus 

gibelio). Anim. Feed Sci. Technol., 134: 243–251. 

Wei L., Wu P., Zhou X.-Q., Jiang W.-D., Liu Y., Kuang S.-Y., Tang L., Feng L. 

(2020). Dietary silymarin supplementation enhanced growth performance and 

improved intestinal apical junctional complex on juvenile grass carp 

(Ctenopharyngodon idella). Aquaculture, 525: 735311. 

Wischhusen P., Larroquet L., Durand T., Oger C., Galano J.-M., Rocher A., Vigor C., 

Antony Jesu Prabhu P., Véron V., Briens M., Roy J., Kaushik S.J., 

Fauconneau B., Fontagné-Dicharry S. (2020). Oxidative stress and antioxidant 

response in rainbow trout fry exposed to acute hypoxia is affected by selenium 

nutrition of parents and during first exogenous feeding. Free Radic. Biol. 

Med., 155: 99–113. 

Xiao P., Ji H., Ye Y., Zhang B., Chen Y., Tian J., Liu P., Chen L., Du Z. (2017). 

Dietary silymarin supplementation promotes growth performance and 

improves lipid metabolism and health status in grass carp (Ctenopharyngodon 

idellus) fed diets with elevated lipid levels. Fish Physiol. Biochem., 43: 245–

263. 

Yano T. (1992). Assay of hemolytic complement activity. Tech. Fish Immunol., pp. 

131–141. 

Yao C., Huang W., Liu Y., Yin Z., Xu N., He Y., Wu X., Mai K., Ai Q. (2020). 

Effects of dietary silymarin (SM) supplementation on growth performance, 

digestive enzyme activities, antioxidant capacity and lipid metabolism gene 

expression in large yellow croaker (Larimichthys crocea) larvae. Aquac. Nutr., 

26: 2225–2234. 

Yi D., Gu L., Ding B., Li M., Hou Y., Wang L., Gong J. (2012). Effects of dietary 

silymarin supplementation on growth performance and oxidative status in 

Carassius auratus gibelio. J. Anim. Vet. Adv., 11: 3399–3404. 

Younis N.A., Attia M.M., SALEH N.M. (2021). Analysis of TNF alpha and 

Interlukin-1β genes in Oreochromis niloticus: inflammatory responses 

induced by Myxobolus spp. and Trichodina spp. Iran. J. Ichthyol., 8: 30–40. 

 

Received: 1 I 2024 

Accepted: 3 IV 2024 

 

 

 

 

 CRediT authorship contribution statement 



Akram Ismael Shehata: Conceptualization; Methodology; Data curation; Data 

Analysis; Data Interpretation; Original draft preparation; Writing-Review and Editing; 

Supervision. Shimaa A. Shahin: Methodology; Writing-Review and Editing. Ayaat M. 

Elmaghraby: Methodology; Resources; Data Analysis; Writing-Review and Editing. 

Mayada Alhoshy: Data curation; Writing-Review and Editing. Ali A. Soliman: 

Methodology; Resources; Writing-Review and Editing. Asem A. Amer: Resources; 

Methodology; Writing-Review and Editing. Yusuf Jibril Habib: Writing-Review and 

Editing. Mahmoud S. Gewaily: Methodology; Data Analysis; Writing-Review and 

Editing. Mohammed F. El Basuini: Methodology; Formal analysis; Data Analysis; 

Original draft preparation; Writing- Review and Editing. 

 

 Declaration of competing interest 

 The authors declare no conflict of interest. 

 

 Data availability statement 

 The data sets supporting and/or analyzed during the current study are available 

from the corresponding author upon request. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

SI, Silymarin; Se, Selenium; SOD, superoxide dismutase; CAT, catalase; GPX, glutathione 

peroxidase. Data are presented as the mean ± standard error (SE) of three replicates. Bars with 

different letters indicate statistically significant differences (P≤0.05) between groups. 

 

Figure 1. Impact of dietary silymarin and/or selenium supplementation on the 

activities of antioxidant enzymes in Thinlip Mullet (Liza ramada) juveniles after a 60-

day feeding trial 

 

 



 

 

 

SI, Silymarin; Se, Selenium; IL-1β, Interleukin-1β. Values are expressed as means ± standard 

error (SE). 

 

Figure 2. Gene expression of IL-1β and Hepcidin genes in Thinlip Mullet (Liza 

ramada) juveniles after a 60-day feeding trial 

 

 

 

 

 

 



 

Figure 3. Histomicrograph showing the histological structure of middle segment of 

Liza ramada juveniles’ intestine in the control group (A), selenium-supplemented 

group (B) as well as other groups supplemented by selenium and ascending levels of 

silymarin (C; 250, D;450, E;650, F; 850, G; 1050 mg/kg). The intestinal morphology 

exposed normal structure of both villi and wall with little improvement in only 

selenium-treated fish (B), moderate improvement at low levels of silymarin with 

selenium (C, D) and significant improvement at moderate and high levels of silymarin 

with selenium (E–G). Stain H and E. Bar = 100 µm 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

Figure 4. Histomicrograph showing the histological structure of Liza ramada 

juveniles’ liver in the control group (A), selenium-supplemented group (B) as well as 

other groups supplemented by selenium and ascending levels of silymarin (C; 250, D; 



450, E; 650, F; 850, G; 1050 mg/kg). A presented spongy appearance of hepatocytes 

with irregular fat vacuoles around hepatic central vein (white arrowhead). B 

represented intact hepatocytes with centrally located vesicular nuclei. C–G revealed 

improved hepatic architecture with increased glycogen evidence and 

Melanomacrophage (black arrowhead). Stain H and E. Bar =50 µm 

 

Table 1. Analysis of experimental diets: Composition and nutritional content (per dry 

matter) 

Ingredients (g/kg) 

Experimental diets 

Control 
Control + 

Se 

SI 250 mg/kg 

+Se 

SI 450 mg/kg 

+Se 

SI 650 mg/kg 

+Se 

SI 850 mg/kg 

+Se 

SI 1050 mg/kg 

+Se 

Fish meal (65% CP) 50 50 50 50 50 50 50 

Soybean meal (48% CP) 365 365 365 365 365 365 365 

Meat meal (55% CP) 100 100 100 100 100 100 100 

DDGS 65 65 65 65 65 65 65 

Wheat bran  55 55 55 55 55 55 55 

Rice bran 200 200 200 200 200 200 200 

Wheat flour 40 40 40 40 40 40 40 

Sun flower oil 11 11 11 11 11 11 11 

Broken rice 75 75 75 75 75 75 75 

Mineral premix (Free Se)* 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

Vitamin premix* 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

Dicalcium phosphate 10 10 10 10 10 10 10 

Methionine 6 6 6 6 6 6 6 

Limestone  10 10 10 10 10 10 10 

Salt 10 10 10 10 10 10 10 

Total 1000 1000 1000 1000 1000 1000 1000 

Selenium (mg/kg) 0 0.5 0.5 0.5 0.5 0.5 0.5 

Silymarin levels (mg/kg) 0 0 250 450 650 850 1050 

Percentage of nutrient content 

Dry Matter (DM%) 89.70±1.04 89.83±0.39 89.97±0.21 89.97±0.09 89.89±0.23 89.80±0.41 89.98±0.56 

Crude protein (CP, % DM basis) 29.09±0.80 29.09±1.01 28.98±0.29 29.02±0.61 28.92±0.38 28.96±0.48 29.04±0.23 

Crude lipid (CL, % DM basis) 7.18±0.15 7.11±0.05 7.16±0.04 7.17±0.05 7.19±0.02 7.19±0.07 7.16±0.04 

Ash 7.15±0.14 7.19±0.29 7.16±0.05 7.13±0.22 7.15±0.05 7.12±0.13 7.13±0.07 

Crude fiber (CF, % DM basis) 2.86±0.16 2.91±0.32 2.96±0.42 2.86±0.31 2.81±0.16 2.92±0.40 2.88±0.52 

NFE 53.70±1.21 53.69±1.65 53.73±0.27 53.81±1.19 53.91±0.31 53.80±0.97 53.77±0.77 

*Vitamin and mineral mixture detailed by Magouz et al., 2022. 



Table 2. Primer sequences used for the RT-qPCR analysis 

Primers 

name 

Sequences of forward and 

reverse primers (5’-3’) 

Amplicaon 

size(bp) 
References 

Hep-F GCAATGCTGAATGCCTTCAT 
221 (Mahrous et al., 2021) 

Hep-R GCTTCTGCTGCAAGTTCTGA 

il1β-F GAGGAGCTTGGTGCAGAACA 
190 

(Abdel-Mageid et al., 

2020) il1β-R CTTTGTTCGTCACCTCCTCCA 

β- actin-F CCACGAGACCACCTACAACA  
270 (Byadgi et al., 2016) 

β- actin-R CTCTGGTGGGGCAATGAT  

Hep: Hepcidin; il1β, Interleukin 1-β; F: Forward; R: Reverse. 

 



Table 3. Impact of adding silymarin and selenium dietary supplements on the growth 

performance and feed utilization of thinlip mullet (Liza ramada) after a 60-day trial. 

(mean ± SE, n = 3) 

Varibles FBW (g) WG (g) 
ADG 

(g/fish/d) 
SGR (%/d) SR (%) FI (g/fish) FCR PER 

Control 8.25±0.14 e 4.75±0.14 e 0.08±0.00 f 1.43±0.03 e 100±0.00 a 9.15±0.09 e 1.93±0.04 a 1.71±0.03 e 

Control + Se 11.50±0.29 d 8.00±0.29 d 0.13±0.01 e 1.98±0.04 d 100±0.00 a 
11.10±0.17 

d 
1.39±0.03 b 2.37±0.05 d 

SI 250 mg/kg +Se 13.52±0.19 b 10.02±0.19 b 0.16±0.03 c 2.25±0.02 b 90±0.00 b 
12.31±0.11 

b 

1.23±0.01 

cd 
2.68±0.03 b 

SI 450 mg/kg +Se 12.47±0.07 c 8.97±0.07 c 
0.15±0.01 

cd 
2.12±0.01 c 100±0.00 a 

11.68±0.04 

c 
1.30±0.01 c 2.53±0.01 c 

SI 650 mg/kg +Se 14.18±0.13 b 10.68±0.13 b 0.18±0.02 b 2.33±0.02 b 
93.33±0.00 

b 

12.71±0.08 

b 

1.19±0.01 

de 
2.77±0.02 b 

SI 850 mg/kg +Se 15.67±0.44 a 12.17±0.44 a 0.20±0.01 a 2.49±0.05 a 
93.33±3.33 

b 

13.61±0.26 

a 
1.12±0.02 e 2.94±0.05 a 

SI 1050 mg/kg +Se 11.56±0.41 d 8.06±0.41 d 
0.14±0.01 

de 
1.99±0.06 d 

95.24±3.33 

b 

11.14±0.25 

d 
1.38±0.04 b 2.38±0.07 d 

SI: Silymarin; Se: Selenium; FBW: Final body weight; WG: Weight gain; ADG: Average 

daily gain; SGR: Specific growth rate; SR: Survival rate; FI: Feed intake; FCR: Feed 

conversion ratio; PER: Protein efficiency ratio. The data presented here show the means ± SE 

(standard error) of three replicates. Values in the same column with different letters indicate 

significant differences (P≤0.05) between them. 

 



Table 4. Impact of adding silymarin and selenium dietary supplements on the whole 

body composition of thinlip mullet (Liza ramada) after a 60-day trial (mean ± SE, n = 

3) 

Varibles Moisture (%) Protein (%) Fat (%) Ash (%) 

Control 72.59±1.00 19.19±0.40 5.94±0.14 2.34±0.55 

Control + Se 72.50±0.33 19.27±0.46 5.99±0.03 2.21±0.36 

SI 250 mg/kg +Se 72.39±0.16 19.29±0.18 6.02±0.09 2.28±0.24 

SI 450 mg/kg +Se 72.49±0.23 19.23±0.27 6.03±0.11 2.24±0.60 

SI 650 mg/kg +Se 72.47±0.29 19.24±0.13 6.02±0.04 2.26±0.33 

SI 850 mg/kg +Se 72.42±0.46 19.26±0.15 6.05±0.07 2.26±0.67 

SI 1050 mg/kg +Se 72.45±0.53 19.21±0.16 6.02±0.04 2.31±0.67 

SI: Silymarin; Se: Selenium.The data presented here show the means ± SE (standard error) of 

three replicates. Values in the same column with different letters indicate significant 

differences (P≤0.05) between them. 

 

 



Table 5. Impact of adding silymarin and selenium dietary supplements on the biochemical profiles of thinlip mullet (Liza ramada) after a 60-day 

trial (mean ± SE, n = 3) 

Variables 
Total Protein  

(g/dL) 

Albumin  

(g/dL) 

Globulin  

(g/dL) 

Glucose  

(mmol/L) 

Total 

Cholesterol  

(mg/dL) 

Triglyceride  

(mg/dL) 
ALT (U/L) AST (U/L) 

Urea 

(mg/dL) 

Creatinine  

(mg/dL) 

Control 4.69±0.07 c 2.52±0.34 2.17±0.36 8.22±0.09 a 18.33±0.88 a 61.00±3.46 22.28±0.75 a 34.92±0.75 a 27.67±0.88 a 0.48±0.10 

Control + Se 4.93±0.04 bc 2.88±0.51 2.05±0.55 6.07±0.05 b 16.67±0.88 bc 62.67±5.21 16.26±0.74 b 28.83±0.73 b 24.00±0.58 b 0.39±0.01 

SI 250 mg/kg +Se 5.44±0.15 ab 2.52±0.30 2.92±0.18 4.99±0.01 c 13.67±1.45 c 63.67±4.91 10.98±0.47 c 23.49±0.53 c 21.33±0.88 c 0.48±0.08 

SI 450 mg/kg +Se 5.04±0.45 bc 2.58±0.13 2.46±0.38 4.98±0.05 c 14.67±1.20 bc 64.33±4.10 11.79±0.33 c 24.35±0.37 c 19.67±1.20 c 0.38±0.02 

SI 650 mg/kg +Se 5.50±0.08 a 2.59±0.18 2.91±0.20 4.97±0.07 c 13.00±1.15 c 64.67±6.48 12.53±1.19 c 24.97±1.02 c 19.33±0.33 c 0.41±0.06 

SI 850 mg/kg +Se 5.75±0.12 ab 2.59±0.14 3.16±0.25 4.81±0.08 c 13.33±1.33 c 65.33±3.38 11.92±0.34 c 24.43±0.32 c 18.67±1.20 c 0.45±0.04 

SI 1050 mg/kg +Se 4.96±0.05 bc 2.48±0.27 2.47±0.24 4.98±0.02 c 14.67±1.33 bc 66.33±3.84 11.68±0.49 c 24.25±0.52 c 19.00±0.58 c 0.44±0.05 

SI: Silymarin; Se: Selenium; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase. The data presented here show the means ± SE (standard error) 

of three replicates. Values in the same column with different letters indicate significant differences (P≤0.05) between them. 

 



 

Table 6. Impact of adding silymarin and selenium dietary supplements on immune 

system responses of thinlip mullet (Liza ramada) after a 60-day trial (mean±SE, n = 3) 

Variables 
Lysozyme activity 

(U/ml) 

Bactericidal 

activity % 
NBT% ACH50 (U/ml) 

Control 209.57±3.40 d 3.92±0.12 c 0.20±0.005 c 39.12±1.42 c 

Control + Se 307.25±4.52 c 7.74±0.13 b 0.28±0.005 b 43.73±0.68 b 

SI 250 mg/kg +Se 340.44±2.04 b 9.94±0.14 a 0.32±0.004 a 57.83±0.68 a 

SI 450 mg/kg +Se 343.73±1.58 b 10.07±0.20 a 0.32±0.007 a 58.20±1.03 a 

SI 650 mg/kg +Se 350.98±2.43 b 10.16±0.10 a 0.32±0.009 a 59.13±1.60 a 

SI 850 mg/kg +Se 372.87±3.03 a 10.23±0.23 a 0.33±0.004 a 59.38±1.27 a 

SI 1050 mg/kg +Se 340.18±5.35 b 10.18±0.23 a 0.32±0.002 a 58.46±1.92 a 

SI: Silymarin; Se: Selenium; NBT: Nitro-blue Tetrazolium; ACH50: Serum alternative 

complement pathway. The data presented here show the means ± SE (standard error) of three 

replicates. Values in the same column with different letters indicate significant differences 

(P≤0.05) between them. 

 

 

 

 


