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Effects of Mushroom and Turmeric Supplemented-Diet on Blood, Kidney and liver function in Clarias gariepinus
Abstract
The African catfish contains significant amount of omega-6, which has been reported to cause cardiovascular problems in man, therefore, this study aimed to evaluate the anti-hypercholesterolemic effect of mushroom, and turmeric supplemented diet in Clarias gariepinus. 200 juvenile African catfish were procured from a reputable fish farm and were acclimatized to laboratory condition for 14 days. The test organisms were divided into four groups with a replicate for each set up. Group 1 were fed with basal diet, group 2 with mushroom-supplemented diet, group three with turmeric-supplemented diet, and the fourth group were fed with the combined-supplemented diets. After 48 days of the experiment, the test organisms were sacrificed and blood was collected via caudal vein for haematological analysis including red blood cells (RBC), white blood cells (WBC), haemoglobin and platelet count. Liver and kidney were excised for biochemical enzymes investigations for alanine aminotransferase (ALT), aspartate aminotransferase levels (AST), alkaline phosphatase (ALP) levels, Creatinine levels and urea levels. The haematological and biochemical data were analyzed and presented as mean ± SEM using IBM SPSS version 20.0. The mean was further subjected to multiple comparisons using Duncan Multiple Range Test at 5% level of significance. The results showed a significantly improved WBC, RBC, haemoglobin, and haematocrit levels with turmeric-diet. Mushroom-diet increased MCV (164.80 ± 3.70) values, while the combined supplemented-diet increased platelet counts but reduced RBC, haemoglobin, and MCHC. Liver enzyme ALT remained stable across all groups, while turmeric lowered AST (15.92 ± 2.27) and ALP (23.48 ± 3.74), indicating liver protection. The combination group showed increased total protein and globulin, suggesting enhanced immunity, while the liver enzymes creatinine levels remained stable across all groups, suggesting that renal function was not compromised, but elevated urea levels in the combination group warrant further investigation. In conclusion, findings highlight the supplements’ potential to improve fish health and aquaculture productivity.

Keywords: Anti-hypercholesterolemic, Mushroom, Turmeric, Supplemented fed diet, Effect.
1. Introduction 
Fish is one of the most important sources of animal protein and has been widely accepted as a good source of other essential nutrients necessary for the maintenance of the body (Olaoye et al., 2018; Adeyemi et al., 2019). It is regarded as the healthiest meat option due to its long-chain polyunsaturated fatty acids content, which prevent diseases (Ndife, 2016). In Nigeria, fish is highly valued for its availability, affordability, and sensory quality (Omoruyi, 2018; Okpala and Ekpenyong, 2020). The African catfish (Clarias gariepinus) is a significant freshwater fish in Nigeria, widely accepted due to its ease of cultivation, taste, and texture (Alfa et al., 2019). 
Hypercholesterolemia is characterized by elevated cholesterol levels in the bloodstream (Tan, 2019) and poses a significant health risk across various species, including aquaculture fish like Clarias gariepinus (Fakunmoju et al., 2021). This freshwater catfish is not only a vital protein source in many developing countries but also serves as a model organism for studying metabolic diseases. Recent research highlights the detrimental effects of high cholesterol on fish health, including impaired growth, reproductive issues, and increased susceptibility to diseases (Hussain et al., 2020; Miao et al., 2022). 
Natural dietary interventions have garnered attention as sustainable alternatives to synthetic hypocholesterolemia agents. Turmeric (Curcuma longa) has gained prominence due to its bioactive compound, curcumin, which possesses antioxidant, anti-inflammatory, and cholesterol-lowering properties, curcumin can enhance the activity of liver enzymes involved in lipid metabolism and increase the excretion of bile acids, thereby reducing cholesterol absorption and synthesis (Soares et al., 2020). Similarly, mushrooms such as Pleurotus ostreatus have demonstrated significant anti hypercholesterolemic effects due to their high fiber content, polysaccharides, and sterols, which can bind to cholesterol and promote its excretion (Lee et al., 2019; Azad et al., 2021). These mushrooms also contain bioactive compounds that enhance gut health and improve nutrient absorption, further supporting overall metabolic health in fish (Okeowo et al., 2022). Focusing on the combined effects of turmeric and mushrooms in the diets of C. gariepinus have yielded promising results, showing improvements in lipid profiles and overall growth performance (Ogunbanwo et al., 2022; Nwachukwu et al., 2023).
Hypercholesterolemia in farmed fish including catfish species like C. gariepinus has become a growing concern elevated cholesterol levels can adversely affect their overall health, growth rates, and market quality (Hussain et al., 2021; Miao et al., 2022). Although traditional cholesterol-lowering drugs exist, their use in aquaculture is neither feasible nor sustainable, prompting a need for natural alternatives. C. longa known for its curcumin content, and various mushrooms, rich in cholesterol-lowering fibers and bioactive compounds offer promising solutions to manage cholesterol in fish diets (Soares et al., 2020; Gbadamosi et al., 2020). However, there is limited scientific data on the efficacy and mechanisms of these natural supplements in regulating cholesterol levels in catfish, necessitating further research to explore their potential benefits and applications in sustainable aquaculture practices (Nwachukwu et al., 2023). Therefore, this study aimed at evaluating the effects of dietary mushroom, turmeric, and their combination on the blood, kidney and liver health of Clarias gariepinus.
2. MATERIALS AND METHODS
2.1. Collection of the Experimental Animals and Acclimatization
Two hundred juveniles Clarias gariepinus of the same breed were used in this study. The fish were procured from a reliable fish farm in Ibadan, Nigeria and moved to the fisheries laboratory of the Department of Pure and Applied Biology, Ladoke Akintola University of Technology, Ogbomoso. The mean total length and body weight were 25.2 cm and 26.21 g respectively. The fish was kept in plastic containers of 60 liters capacity half-filled with water.  They were acclimatized to laboratory conditions for 14 days.
2.2. Collection of Turmeric Plant and Mushroom Preparation
Fresh rhizomes of turmeric plant (Curcuma longa) were procured from Oja-Igbo market Ogbomosho Area, Oyo State Nigeria. While mushrooms (Pleurotus ostreatus) were obtained from the Microbiology and Biotechnology Laboratory at Ladoke Akintola University of Technology. They were washed, threshed and oven dried at 40℃ in the laboratory. The dried rhizomes and mushrooms were grounded into fine powder using blending machine and the powder were then sieved using powder mesh, and packed in tight desiccator and kept at room temperature.


2.3 Experimental Design
After the acclimatization period, the fish were grouped into four experimental groups (T1, T2, T3, T4), 15 fish per tank of 60L capacity in two replicates for each treatment. The fish were fed 5% body weight twice daily with the compounded feed.
T1: Basal diet
T2: Basal diet + 5 g/kg Mushroom
T3: Basal diet + 5 g/kg Turmeric
T4: Basal diet + 2.5 g/kg Mushroom + 2.5 g/kg Turmeric

2.4. Experimental Diet 
[bookmark: _GoBack]Four experimental diets were formulated as T1 ((Basal diet), T2 (basal diet + 5g/kg Mushroom), T3 (basal diet + 5 g/kg Turmeric Plant (TP)), T4 (basal diet + 2.5 g/kg TP and 2.5 g/kg Mushroom) as shown in table 1.
TABLE 1: FORMULATION OF EXPERIMENTAL DIET.

	
	Treatment %

	Ingredients 
	T1
	T2
	T3
	T4

	Maize
	30.00
	30.00
	30.00
	30.00

	Soybean
	20.80
	20.80
	20.80
	20.80

	Wheat Offal
	10.00
	10.00
	10.00
	10.00

	Corn Bran
	8.19
	8.19
	8.19
	8.19

	Palm Kernel Cake
	15.10
	15.10
	15.10
	15.10

	Fish Meal (72%)
	4.58
	4.58
	4.58
	4.58

	Bone meal
	0.83
	0.83
	0.83
	0.83

	Vitamin Premix
	0.25
	0.25
	0.25
	0.25

	Methionine
	0.10
	0.10
	0.10
	0.10

	Salt
	0.25
	0.25
	0.25
	0.25

	Groundnut Cake
	12.50
	12.50
	12.50
	12.50

	Mushroom (g/kg)
	-
	5.00
	-
	2.50

	Turmeric (g/kg)
	-
	-
	5.00
	2.50


                       


















[bookmark: _Hlk226632834]Keys: T1 = Basal diet, T2 = basal diet + 5g/kg Mushroom, T3 = basal diet + 5g/kg Turmeric Plant (TP), T4 = basal diet + 2.5g/kg TP and 2.5 g/kg Mushroom. 

 2.5 Sample Collection
After 48 days of feed administration, five (5) fish were selected from each treatment group and also from their respective replicates. The blood samples were collected from the caudal vein puncture of the test organisms using hypodermic needle and syringe, kept in EDTA bottle, and transported to the laboratory for haematological analysis. Similarly, the fish were carefully dissected, with liver and kidney collected for biochemical procedures.

 2.6. Haematological Analysis
All haematological parameters such as total red blood cell counts, white blood cell count, mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin concentration (MCHC), haemoglobin concentration, and packed cell volume (haematocrit) were measured using hematological auto-analyzer (BS 10.10 model).

2.7 Biochemical Analysis
The collected tissues (liver and kidney) were homogenized with phosphate buffer of concentration 0.1M at pH 7.0. This was then followed by centrifugation at 4000 rpm to separate out the supernatant.  The alanine aminotransferase (ALT) activity, aspartate aminotransferase (AST) activity, and alkaline phosphatase (ALP) activity were determined using Randox Assay kits. Total Protein was determined using the biuret method [18], serum albumin was determined using AGGAPPE Kit, while globulin level was calculated by subtracting albumin from total protein. The creatinine activity was analyzed using High performance liquid chromatography (HPLC) to measure it creatinine level and the urea activity was analyzed using Urease/Salycilate Enzymatic colorimetric method.  
2.8 Statistical Analysis 
Data are presented as mean ± standard error. Statistical package SPSS 20.0 computer program was used to evaluate the data. One-way analysis of variance was used to determine the variation among treatments and the reference, followed by Post hoc test using Duncan multiple tests at 5% level of significance.

3.0 RESULTS
3.1 Haematological Analysis
Figures 1 to 8 presents the effects of different dietary treatments on various haematological parameters of Clarias gariepinus, specifically comparing groups fed with a standard diet, mushroom-supplemented diet, turmeric-supplemented diet, and a combination of mushroom and turmeric. The results are presented as mean values with their standard errors (± SEM).
The highest WBC count was observed in the group fed with turmeric alone (51.60 ± 1.10) as shown in figure 1. The combination of mushroom and turmeric also resulted in a relatively high WBC count (49.55 ± 0.05), suggesting a potential synergistic effect. However, mushroom supplementation alone showed a reduction in WBC count compared to the control (42.10 ± 2.50). The turmeric-supplemented group showed the highest RBC count (3.10 ± 0.19). In contrast, the group receiving both mushroom and turmeric had the lowest RBC count (1.83 ± 0.39), mushroom alone also decreased RBC levels compared to the control (figure 2).
Haemoglobin levels were significantly higher in the turmeric group (9.45 ± 0.85) as shown in figure 3, which aligns with its higher RBC count and suggests improved oxygen-carrying capacity. The lowest haemoglobin levels were found in the combination group (4.35 ± 2.25), indicating that the combined supplementation may adversely affect haemoglobin synthesis or stability. The haematocrit (HCT) value, which indicates the proportion of red blood cells in the blood, was highest in the turmeric group (45.35 ± 3.35). The groups fed with mushroom alone or in combination with turmeric showed reduced haematocrit levels (figure 4), suggesting a lesser or even negative impact on blood cell volume.
[bookmark: _Hlk226632486]The Mean Corpuscular Volume (MCV), which measures the average size of red blood cells, was highest in the group given both mushroom and turmeric (164.80 ± 3.70), indicating larger red blood cells. Mushroom supplementation alone also resulted in a high MCV, which might suggest a specific effect of mushrooms on red blood cell morphology (figure 5).
Mean Corpuscular Hemoglobin (MCH), which measures the amount of haemoglobin per red blood cell, was highest in the turmeric group (30.45 ± 0.85). The combination group showed a notably lower MCH (22.15 ± 7.55), suggesting a potential dilution effect or interference in haemoglobin synthesis when both mushroom and turmeric are used together (figure 6). The Mean Corpuscular Haemoglobin Concentration (MCHC), which indicates the concentration of haemoglobin in red blood cells, was significantly reduced in the combination group (13.35 ± 4.25). The turmeric group maintained a stable MCHC similar to the control group, showing no adverse effects on haemoglobin concentration (figure 7). 
Platelet count was markedly increased in the combination group (89.50 ± 29.50), suggesting that the combination of mushroom and turmeric may have a synergistic effect on platelet production or release. Both mushroom and turmeric alone resulted in lower platelet counts compared to the control (figure 8).
Turmeric supplementation alone appears to enhance immune function and red blood cell parameters, as evidenced by higher WBC, RBC, HGB, and HCT values. Mushroom supplementation alone shows a moderate impact on blood parameters, with a notable increase in MCV, which may suggest larger but fewer red blood cells. The combination of mushroom and turmeric shows mixed results: it significantly increases MCV and platelet count but decreases RBC, HGB, MCH, and MCHC. 

 
Figure 1: White Blood Cells (WBC) level in the Serum of Various Experimental Groups
a, b, c represents significance differences (P<0.05) across the groups. 
Similar alphabets indicate no statistical significance.

 
Figure 2: Red Blood Cells (RBC) levels in the Serum of the Experimental Groups
a, b, c represents significance differences (P<0.05) across the groups. 
Similar alphabets indicate no statistical significance.


Figure 3: Haemoglobin (HB) level in the serum of the Experimental Groups
a, b, c represents significance differences (P<0.05) across the groups. 
Similar alphabets indicate no statistical significance.


Figure 4: Haematocrit Level in the Serum of the Experimental Groups
a, b, c represents significance differences (P<0.05) across the groups. 
Similar alphabets indicate no statistical significance



Figure 5: Mean Corpuscular Volume (MCV) Level in the Serum of the Experimental Groups
a, b, c represents significance differences (P<0.05) across the groups. 
Similar alphabets indicate no statistical significance.


Figure 6: Mean Corpuscular Haemoglobin (MCH) Level in the Serum of the Experimental Groups
a, b, c represents significance differences (P<0.05) across the groups.
Similar alphabets indicate no statistical significance.


Figure 7: Mean Corpuscular Hemoglobin Concentration (MCHC) Level in the Serum of the Experimental Groups
a, b, c represents significance differences (P<0.05) across the groups. 
Similar alphabets indicate no statistical significance.


Figure 8: Platelets Level in the Serum of the Experimental Groups
a, b, c represents significance differences (P<0.05) across the groups. 
Similar alphabets indicate no statistical significance.

3.2	Nephrological Analysis
Figures 9 -10 presents the effects of different dietary treatments on various biochemical parameters of the liver of Clarias gariepinus, specifically comparing groups fed with standard feed, feed supplemented with mushroom, turmeric, and a combination of both. The results are expressed as mean values ± standard error, with different letters indicating significant differences between groups based on Duncan's post hoc test. 
There are no significant differences in creatinine levels among the groups as all are marked with "a" (Figure 9), suggesting that renal function remains stable across all dietary treatments. Normal creatinine levels indicate that none of the supplements are causing kidney stress or damage. The combination group (Feed + Mushroom + Turmeric) shows significantly higher urea levels (9.62 ± 0.60) compared to the other groups (figure 10), which could suggest increased protein catabolism or altered kidney function. The turmeric group also has relatively high urea levels (9.06 ± 0.71) but not significantly different from the control and mushroom groups (marked as "ab").
No significant differences in creatinine levels indicate that none of the dietary treatments adversely affects renal function. However, the combination group shows slightly higher urea levels, which may require further investigation.

 
Figure 9: Creatinine Levels in the Kidney of the Experimental Groups
a, b, c represents significance differences (P<0.05) across the groups. 
Similar alphabets indicate no statistical significance.


Figure 10: Urea Levels in the Kidney of the Experimental Groups
a, b, c represents significance differences (P<0.05) across the groups. 
Similar alphabets indicate no statistical significance.

3.3 Hepatological Analysis
Figures 11-16 presents the effects of different dietary treatments on various biochemical parameters of the liver of Clarias gariepinus, specifically comparing groups fed with standard feed, feed supplemented with mushroom, turmeric, and a combination of both. The results are expressed as mean values ± standard error, with different letters indicating significant differences between groups based on Duncan's post hoc test. 
There are no significant differences in the levels of Alanine Amino Transferase (ALT) among the groups (all groups are marked with "a"). This indicates that supplementation with mushroom, turmeric, or a combination does not significantly affect ALT levels compared to the control group (figure 11). 
[bookmark: _Hlk226632127]The turmeric group (15.92 ± 2.27) has significantly lower Aspartate Amino Transferase (AST) levels compared to the other groups, suggesting a potential hepatoprotective effect of turmeric. The other groups (control, mushroom, and combination) are not significantly different from each other (marked with "ab"), indicating no strong impact on AST levels (figure 12).
[bookmark: _Hlk226632264]The turmeric-supplemented group has significantly lower Alkaline Phosphatase (ALP) levels (marked as "b") compared to the other groups. ALP is another marker of liver and bone health, so reduced levels in the turmeric group could indicate reduced liver stress or bone turnover. The combination group (Feed + Mushroom + Turmeric) has higher ALP levels (23.48 ± 3.74), but they are still within a healthy range, indicating a moderate effect (figure 13). The combination of mushroom and turmeric resulted in significantly higher total protein levels (5.97 ± 0.46) compared to other groups. Higher protein levels could indicate better protein synthesis or reduced protein catabolism, which might suggest an improvement in overall nutritional status. Other groups show no significant difference among themselves as indicated with "ab" (figure 14).
There are no significant differences in albumin levels among the groups as all marked with letter "a" (Figure 15), indicating that neither supplementation with mushroom, turmeric, nor their combination has a significant effect on albumin synthesis. Albumin is a marker of liver function and nutritional status, so these results suggest that liver function is not impaired by these dietary treatments7
The group fed with both mushroom and turmeric has higher globulin levels (3.88 ± 0.49) and it is statistically significant (marked as "c") when compared with other groups, which may indicate improved immune function, as globulins are essential for immune responses. The control group (Feed Only) also shows relatively high globulin levels (3.37 ± 0.15), while the mushroom and turmeric groups have lower levels 2.21 ± 0.93 and 1.97 ± 0.65 respectively (Figure 16), suggesting that individual supplements may not boost globulin synthesis as effectively as their combination.
Turmeric supplementation shows a hepatoprotective effect, as indicated by significantly lower AST and ALP levels. However, no significant impact is observed on ALT levels. The combination of mushroom and turmeric significantly enhances total protein and globulin levels, suggesting a positive effect on overall protein metabolism and immune function. Increased globulin levels in the combination group may indicate enhanced immune function.






Figure 11: Alanine Amino Transferase Levels in the Liver of the Experimental Groups
a, b, c represents significance differences (P<0.05) across the groups. 
Similar alphabets indicate no statistical significance.



Figure 12: Aspartate Amino Transferase Levels in the Liver of the Experimental Groups
a, b, c represents significance differences (P<0.05) across the groups. 
Similar alphabets indicate no statistical significance.




 Figure 13: Alkaline Phosphate Levels in the Liver of the Experimental Groups
a, b, c represents significance differences (P<0.05) across the groups. 
Similar alphabets indicate no statistical significance.

 
Figure 14: Albumin Levels in the Liver of the Experimental Groups
a, b, c represents significance differences (P<0.05) across the groups. 
Similar alphabets indicate no statistical significance.




 
Figure 15: Total Protein Levels in the Liver of the Experimental Groups
a, b, c represents significance differences (P<0.05) across the groups. 
Similar alphabets indicate no statistical significance.

 
Figure 16: Platelets Level in the Serum of the Experimental Groups
a, b, c represents significance differences (P<0.05) across the groups. 
Similar alphabets indicate no statistical significance.
4. DISCUSSION
4.1 Haematological Studies
The highest WBC count was observed in the turmeric-supplemented group and this was closely followed by the group fed with the combined diet. In contrast, the mushroom-only group exhibited a reduced WBC count. This suggests that turmeric enhances immune function, and this finding was consistent with previous studies highlighting the immunomodulatory effects of curcumin, the active compound in turmeric (Ismail et al., 2015; Soliman et al., 2015). Elevated WBC counts are associated with improved disease resistance, which is crucial for aquaculture management (Khosravi et al., 2020).
Fish supplemented with turmeric also exhibited the highest RBC count and hemoglobin concentration. These results align with research indicating that curcumin enhances erythropoiesis and improves blood oxygen-carrying capacity (Soliman et al., 2015; Khosravi et al., 2020).  Conversely, the group receiving both mushroom and turmeric showed the lowest RBC count and haemoglobin levels, suggesting a possible antagonistic interaction when these two supplements are combined. This reduction may be attributed to interference from mushroom components with turmeric's erythropoietic effects, warranting further investigation into their interactions at a biochemical level (Adebayo et al., 2020).
Haematocrit values were highest in the turmeric group, indicating an increased proportion of red blood cells relative to plasma volume, which enhances oxygen transport capacity. In contrast, both mushroom supplementations alone and the combination resulted in lower HCT values, suggesting potential negative impacts on red blood cell volume (Musa and Omoregie, 1999).
Interestingly, MCV was highest in the combination group, indicating larger red blood cells despite a reduction in overall RBC count. This finding implies that while there is a decrease in RBCs when mushrooms and turmeric are combined, those present may be larger, potentially affecting overall blood viscosity and oxygen transport efficiency (Sahu et al., 2021). MCH was highest in the turmeric group, reflecting a greater amount of haemoglobin per red blood cell, which is beneficial for oxygen transport. However, the combination group exhibited a significantly lower MCH, reinforcing the notion that combining these supplements may interfere with haemoglobin synthesis.
MCHC remained stable in the turmeric group but was significantly reduced in the combination group. This reduction suggests that while turmeric effectively maintains haemoglobin concentration, combining it with mushrooms may dilute this concentration or hinder its synthesis (Adebayo et al., 2020; Khosravi et al., 2020). Notably, platelet counts were markedly increased in the combination group, indicating a potential synergistic effect on platelet production or release when both supplements are used together, despite their adverse effects on other haematological parameters like RBC and haemoglobin counts (Ismail et al., 2015; Sahu et al., 2021).
4.2 Nephrological Studies
There are no significant differences in creatinine levels among the groups as all are marked with "a", suggesting that renal function remains stable across all dietary treatments, These results align with findings from Zhang et al. (2021), who reported stable creatinine levels in common carp (Cyprinus carpio) fed with diets containing medicinal plant extracts, indicating their safety for renal function.
On the other hand, the combination group (Feed + Mushroom + Turmeric) showed significantly elevated urea levels compared to other groups, while the turmeric group also had relatively high urea levels, though not significantly different from the control and mushroom-only groups. Elevated urea levels often suggest increased protein catabolism or reduced kidney efficiency in excreting nitrogenous wastes (Soltanian et al., 2017). The findings for the combination group could indicate an enhancement in protein breakdown or an impact on nitrogen metabolism, possibly due to interactions between the bioactive compounds in mushrooms and turmeric.
4.3 Hepatological Studies
The current study evaluated the effects of dietary supplementation with mushroom, turmeric, and their combination on various liver biochemical parameters in Clarias gariepinus.
There are no significant differences in the levels of Alanine Amino Transferase (ALT) among the groups (all groups are marked with "a"). This indicates that supplementation with mushroom, turmeric, or a combination does not significantly affect ALT levels compared to the control group, the stability of ALT levels across the different treatment groups aligns with the findings of Oloruntuyi et al. (2022), who reported that dietary curcumin did not alter ALT levels in tilapia (Oreochromis niloticus). Similarly, Zhang et al. (2021) found that mushroom supplementation in carp did not increase ALT levels, indicating that these supplements are non-toxic to liver function.
The turmeric group (15.92 ± 2.27) has significantly lower Aspartate Amino Transferase (AST) levels compared to the other groups, suggesting a potential hepatoprotective effect of turmeric. The other groups (control, mushroom, and combination) are not significantly different from each other (marked with "ab"), indicating no strong impact on AST levels. This reduction in AST is consistent with studies by Abdel-Warith et al. (2019), who demonstrated that dietary curcumin significantly reduced AST levels in Nile tilapia, suggesting a protective effect against liver damage induced by oxidative stress. other (marked with "ab"), indicating no strong impact on AST levels.
The turmeric-supplemented group has significantly lower Alkaline Phosphatase (ALP) levels (marked as "b") compared to the other groups. The combination group (Feed + Mushroom + Turmeric) has higher ALP levels (23.48 ± 3.74), but they are still within a healthy range, indicating a moderate effect. The combination of mushroom and turmeric resulted in significantly higher total protein levels (5.97 ± 0.46) compared to other groups. These findings are in line with studies by Soltanian et al. (2017), who found that curcumin reduced ALP levels in rainbow trout, indicating its potential to maintain liver health. Conversely, the combination group (mushroom + turmeric) exhibited higher ALP levels but still within normal ranges, suggesting a moderate impact that may be related to the complex interactions between the bioactive compounds of mushroom and turmeric
The significantly higher total protein levels in the combination group indicate improved protein synthesis and possibly enhanced overall nutritional status. This enhancement in protein levels may be due to the synergistic effects of bioactive compounds in mushroom and turmeric, which can promote anabolic activities in fish. This result supports the findings of Khosravi et al. (2020), who observed increased total protein levels in fish diets supplemented with medicinal plants. Additionally, the increase in protein levels is consistent with the results of Sahu et al. (2021), who showed that fish fed with dietary herbal additives exhibited improved protein utilization and growth performance.
There were no significant differences in albumin levels among all groups. Albumin is an important plasma protein synthesized by the liver, reflecting the liver's ability to maintain protein synthesis. The stability of albumin levels suggests that neither mushroom nor turmeric, alone or in combination, impairs liver protein synthesis. This is consistent with the findings of Ismail et al. (2015), who observed stable albumin levels in hypercholesterolemic rats fed with mushroom and curcumin supplements, indicating their non-toxic nature on liver function.
A significant increase in globulin levels was observed in the group fed with the combination of mushroom and turmeric. Globulins are essential components of the immune system, and elevated levels can indicate enhanced immune function (O'Connell et al., 2014). The combination of mushroom and turmeric may provide a synergistic boost to the immune system by promoting the production of immunoglobulin. These results align with the studies of Musa et al. (2020), who found that dietary supplements enhanced immune parameters in fish, thereby improving disease resistance.
The individual mushroom and turmeric groups had relatively lower globulin levels, indicating that while each supplement offers certain benefits, their combined use may result in more pronounced immunostimulatory effects. This aligns with reports by Farag et al. (2019), who demonstrated that combining different dietary supplements can enhance immune responses in aquaculture species better than single supplements.
5. CONCLUSION
This study highlights the significant effects of dietary supplementation with mushroom, turmeric, and their combination on the haematological liver biochemical and kidney biochemical parameters of Clarias gariepinus (African catfish). The findings reveal promising potential for these supplements to enhance fish health, particularly in boosting immune responses and liver function, which are critical for improving aquaculture productivity and it suggest that while turmeric alone supports immune function and blood health, its combination with mushroom may lead to increased protein breakdown, necessitating careful management in aquaculture diets to optimize fish health.
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