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A total of 360 monosex Oreochromis niloticus with an average body 

weight of 7.1±1 g were used. The fish were randomly divided into 8 equal 

triplicate groups (15 fish/replicate). A basal control diet was formulated to 

fulfil the nutrient requirements of the fish that contained 25% crude protein 

(CP) and 448.3 kcal/100 g. The other 7 diets (treatment diets) were 

supplemented with pomegranate peel (PP) at rates of 1, 2, 3, 5, 10, 15 and 

20%. The fish were fed the diets 3 times daily at a rate of 5 to 7% of the body 

weight per day, 6 days a week for 90 days. Haematological analysis revealed 

that red blood cell (RBC) counts and haemoglobin levels (Hb) were 

significantly lower and that white blood cell (WBC) counts were significantly 

(P<0.01) higher in blood from fish fed the different PP-supplemented diets 

than in blood from fish fed the control diet. Glucose and total protein levels 

were increased after 90 days. Cholesterol levels were reduced by PP, while 

triglyceride levels were significantly increased. In addition, alanine aminotra-

nsferase (ALT) and aspartate aminotransferase (AST) levels were significantly 

reduced in the blood of monosex Nile tilapia fed diets with different 

concentrations of PP. Immunological parameters (IgM levels and lysozyme 

activity) were significantly improved by PP supplementation. These results 

indicate that addition of PP to monosex O. niloticus diets improved immune 

status and liver and kidney function without any adverse effects on health 

status. 

  

INTRODUCTION  

 

Antibiotics are commonly used to control fish diseases; however, these 

compounds produce deleterious side effects. Therefore, researchers have sought to 

find alternative inexpensive, safe and effective natural products such as herbs, 

vegetables and other edible plants for use as growth promoters or immunostimulants 

(El-Dakar et al., 2015 and Toutou et al. 2018). The cost-effective production of high-

quality products from less-expensive agro-industrial by-products is a target within the 

feed industry in Egypt (El-Sayed et al. 2014). A large quantity of pomegranate peel 

(PP) residues is produced in juice manufacturing, representing a valuable waste of the 

food industry as they contain bioactive compounds (Toutou et al. 2019).  
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The waste product pomegranate peel (PP) has higher antioxidant levels than 

pomegranate juice. Thus, PP is an attractive candidate nutritional supplement for 

animal feed (Badawi and Gomaa, 2016). Approximately 1.5 million tons of 

pomegranates are produced worldwide (Eikani et al. 2012). The PP constitutes 5% to 

15% of the total weight of a pomegranate (Orzuaa et al. 2009). The disposal of such 

large quantities of PP waste is therefore an environmental problem (Kanatt et al. 

2010); however, PP is a valuable waste of the food industry, as it contains bioactive 

compounds, especially antioxidant polyphenols that mainly include hydrolysable 

tannins and anthocyanins (Çam and Hışıl, 2010; Ibrahim, 2010). Blood characteristics 

are very important tools that can be used as effective indices of water balance, 

nutritional status and overall health condition in fish (Nwani et al. 2015; Zaahkook et 

al. 2016). Numerous dietary supplements have measurable effects on blood 

constituents (Animashahun et al. 2006; Bhatti et al. 2009). Therefore, haematological 

and blood biochemical variables have been used as indicators of health status in fish 

of many species fed different kinds of food. Diet composition and metabolic 

adaptation are the main factors responsible for changes in haematological and blood 

biochemical variables in fish (Ighwela et al. 2012). Such parameters are reliable 

indicators of fish physiological status and are often used to evaluate fish health and 

immune potential (Kondera et al. 2017). PP extract has extensively been studied for 

its strong antimicrobial and anti-inflammatory effects (Jurenka, 2008). PP extract has 

no side effects and no known drug interactions (Murthy et al. 2004). Studies on 

herbal extracts as food additives have found that they can enhance growth and protect 

fish from diseases (Johnson and Banerji, 2007), but studies related to the use of PP as 

an additive in fish feed are scarce. It is necessary to elucidate the effects of this plant 

product and its extract on fish performance. Hence, the objective of the present study 

was to examine the effects of dietary supplementation with the natural additive PP on 

haematology, blood biochemistry and immune status in monosex Nile tilapia 

(Oreochromis niloticus). 

 

MATERIALS AND METHODS 

 

Preparation of PP 

The PP used for this study was locally prepared in the laboratory. Pomegranate 

fruits was obtained from the local market in Assiut Governorate, Egypt. The fruits 

were washed with distilled water and peeled, and their edible portions were carefully 

separated. The peels were air-dried in a hot air oven at 40°C until the moisture 

content reach approximately 8% (dry basis). The dry ingredients were finely ground 

by using a Lab Mill, sieved, and then manually mixed in a plastic container for 

approximately 15 minutes to ensure their homogeneity. 

Experimental fish 

A total of 360 apparently healthy live monosex Nile tilapia (O. niloticus) with 

an average body weight of 7.1±1 g were obtained from a private fish farm in Fayoum 

Governorate, Egypt. The fish were kept in a recirculation system. High water quality 

was ensured, and the system was thermostatically controlled at 25 ±1°C. The fish 

were divided into 8 groups, each of which was divided into subgroups. Each 

subgroup had three replicates (15 fish/replicate). The fish were allowed to acclimate 

to the laboratory conditions for three weeks before the start of the experiment. 

Feeding regime 

The diets were prepared at the Department of Zoology, Faculty of Science, Al 

Azhar University, Assiut Governorate, Egypt. The feed was divided into three equal 



Influences of pomegranate peel on biochemistry of Nile tilapia 135 

portions and distributed by hand at one side of each aquarium three times daily (9 

a.m., 1 p.m. and 3 p.m.) at a rate of 5 to 7% of the fish body weight, 6 days a week 

for 90 days. A basal control diet was formulated to fulfil the nutrient requirements of 

the fish that contained 25% crude protein (CP) and 448.3 kcal/100 g (Table 1). The 

basal control diet was prepared with 10% yellow corn and 30% rice bran. For the 

other 7 diets (the treatment diets), the basal diet was supplemented with PP at rates of 

1, 2, 3, 5, 10, 15 and 20%.  

 
Table 1: The composition and chemical analyses (% on dry matter basis) of the experimental diets 

Ingredients  

composition (g) 

Composition (%) of the experimental diets 

Control 1%  2%  3%  5%  11%  15%  21%  

Fish meal (65%) 01 01 01 01 01 01 01 01 

Soy bean meal 251 251 251 251 251 251 251 251 

Corn gluten 01 01 01 01 01 01 01 01 

Yellow corn 111 01 01 01 51 1 1 1 

Pomegranate peel 1 11 21 31 51 111 151 211 

Wheat bran 151 151 151 151 151 151 151 151 

Rice bran 311 311 311 311 311 311 251 211 

Fish oil 21 21 21 21 21 21 21 21 

Premix1 31 31 31 31 31 31 31 31 

Total 1111 1111 1111 1111 1111 1111 1111  1111 

Chemical composition  )%(  

Dry matter (DM) 0331 03 0339 0330 0339 0933 0332 0339 

Crud protein (CP) 25 2531 2533 2531 2531 2930 2930 2930 

Ether extract 1131 1131 039 033 035 033 030 035 

Crude fiber 530 539 530 530 530 530 931 932 

Ash 030 030 030 930 032 039 030 030 

Nitrogen free 

extract  

5135 5135 5135 53 5233 5232 5233 5230 

M. E. (kcal/100g 2(  30931 30939 30133 30332 30239 39535 39530 39933 

1Premix composition: each 1 kg contains  Vit  A (400000 i.u.), Vit D3 (100000 i.u.), Vit E (230 mg) 

Vit K3 (165 mg) Vit B1 (300 mg), Vit B2 ( 80 mg), Vit B6 (200 mg), Vit B12 (1 mg), Vit C (650 

mg), Niacin (1000 mg), Methionine (3000 mg), Choline chloride (10000 mg), Folic acid (100 mg), 

Biotin (2 mg), Pantothenic acid (220 mg), Magnesium sulphate (1000 mg), Copper sulphate (1000 

mg), Iron sulphate (330 mg), Zinc sulphate (600 mg), Cobalt sulphate (100 mg), Calcium carbonate 

up to 1000 g; 2Metabolizable energy (M E) was calculated as 4.5, 8.1 and 3.49 kcal/100g for protein, 

lipid and NFE, respectively according to Pantha (1982). 

 

Haematological analysis  

Whole blood was assessed for haemoglobin concentration (Hb), haematocrit 

(Hct), and red blood cell (RBC) count by using an automated technical analyser 

(Celltac α MEK- 6400J/K). The mean corpuscular volume (MCV), mean corpuscular 

haemoglobin (MCH), mean corpuscular haemoglobin concentration (MCHC) and 

white blood cell (WBC) count were calculated according to the methods of Dacie and 

Lewis (2002). 

Biochemical analysis 

Blood samples were collected through cardiac puncture as described by Osman 

et al. (2011). No anaesthetic was given to the fish, as anaesthesia can affect blood 

parameters. The blood samples were then allowed to coagulate for 15–20 minutes at 

4°C prior to centrifugation for 20 minutes at 3000 rpm to separate serum. The serum 

was stored at -20°C until use for biochemical and immunological analyses. Serum 

total protein, cholesterol, triglyceride, glucose, urea, creatinine, aspartate 

aminotransferase (AST) and alanine aminotransferase (ALT) levels were calculated 

according to the methods of Reitman and Frankel (1957), Henry (1964), Trinder 

(1969), Friedewald et al. (1972) and Thomas (1992). 
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Immunological responses 

Lysozyme activity was measured spectrophotometrically according to the 

method of Ellis (1990). Immunoglobulin M (IgM) levels were determined using an 

ELISA kit (Catalogue No. CSB-E12045Fh (96k test), Cusabio Biotech Co., Ltd.). 

Statistical analysis 

Data were presented as mean±SD. The results were subjected to one-way 

analysis of variance (ANOVA) to test the effect of treatment inclusion on fish 

performance. Data were analyzed using SPSS (1997) program, Version 16. 

Differences between means were compared using Duncan’s multiple range tests at p 

< 0.01 level. 

 

RESULTS  

 

Haematological variables 

The average values for RBCs, Hb, MCV, MCH, MCHC, Hct, and WBCs of the 

monosex O. niloticus fed diets containing different concentrations of PP are presented 

in Table 2 and Figures 1-3. Statistical analysis of these parameters revealed 

significant differences between the fish fed diets containing different concentrations 

of PP and the control diet. 

The results indicated that RBCs, Hb and Hct were significantly (P<0.01) lower 

in PP-supplemented groups than in the control group. 

The groups fed diets with high PP concentrations exhibited significantly greater 

MCV and MCH values than the control group. No significant differences in MCHC 

were recorded between the control fish and the fish fed different PP concentrations 

(except for the 20% PP group). WBCs were significantly (P<0.01) higher in the blood 

of PP-supplemented fish fed than in that of control fish. 
  
 

Table 2: Haematological parameters (mean ±SD) of O. niloticus fed diets containing different 

concentrations of pomegranate peel for 45 and 90 days 
        Treatment 

 

Parameter 

Experimental diet 

Control 1 % 2 % 3 % 5%  10% 15% 21%  

RBCs 

(×106 

μl) 

45 

days 

2.2±0.3a 1.9±0.2ab 1.8±0.3 ab 1.9±0.2ab 1.6±0.4bc 1.8±0.1ab 1.7±0.2 bc 1.4±0.15c 

90 
days 

2.9±0.1a 2.1±0.2b 2.2±0.2b 2.0±0.15b 2.2±0.1b 1.9±0.2ab 1.6±0.2c 1.6±0.2c 

Hb 

(g/dl) 

45 

days 

9.9±0.4a 9.3±0.2b  8.9±0.1c 8.4±0.1d 7.9±0.2E 7.2±0.1E 7.0±0.1F 6.5±0.2F 

90 
days 

11.0±0.1a 9.7±0.5b 9.2±0.3c 8.9±0.2c 8.2±0.2d 8.1±0.2d 7.3±0.1E 6.9±0.1F 

MCH 

(pg) 

45 

days 

44.0±4.8a 36.0±0.3c  40.0±0.5 

b 

36.0±0.1c 33.0±2.0 c 34.0±4.4 c 27.0±12.0d  34.0±2.2c  

90 
days 

36.0±0.24b 35.0±2.1b  35.0±2.3b  38.0±1.1ab  35.0±0.6b 41.0±2.6ab  42.0±5.2a 37.0±5.0 

ab 

WBCs 

(×103 

μl) 

45 

days 

26.4±0.8d 36.0±2.5ab 32.3±3.3c 38.0±2.9a 37.0±1.8a 35.0±0.8abc 37.0±3.3a 33.0±0.6bc 

90 
days 

27.1±0.7b 130±3030a 37±4.8a 231±3031a 530±3930a 139±3030a 231±3931a 139±3035a 

Means within the same row not sharing a superscript letter are significantly different (P<0.01). 

Red blood cells (RBC), haemoglobin concentration (Hb), mean corpuscular haemoglobin (MCH) and 

white blood cells (WBC). 
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Fig. 1: Mean±SD of RBCs and Hb in the blood of monosex Nile tilapia (O. niloticus) fed diets 

containing different concentrations of pomegranate peel for three months. RBCs: Red blood 

cells, Hb: Haemoglobin. 

 

 
 
 
 
 
 
 
 
 
 

 

 
 

Fig. 2: Mean±SD of MCHC and MCV in the blood of monosex Nile tilapia (O. niloticus) fed diets 

containing different concentrations of pomegranate peel for three months. MCHC: Mean 

corpuscular haemoglobin concentration, MCV: Mean corpuscular volume. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3: Mean±SD of WBCs and Hct in the blood of monosex Nile tilapia (O. niloticus) fed diets 

containing different concentrations of pomegranate peel for three months. WBCs: White 

blood cells, Hct: Haematocrit. 
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Blood biochemistry 

The average concentrations of total protein, glucose, cholesterol, triglyceride, 

creatinine, urea, ALT, and AST in the blood serum of monosex O. niloticus are 

presented in Table 3 and Figure 4-6. After 90 days of exposure, significant (P<0.01) 

differences were observed in the average values of all detected biochemical 

parameters between the fish fed the different PP-supplemented diets and those fed the 

control diet. The levels of all biochemical parameters (except cholesterol) were 

significantly (P<0.01) higher in the blood serum of the fish fed the different PP-

supplemented diets than in that of control fish (Table 3 and Figures 4-6). 
 

Table 3: Effects of dietary supplementation with pomegranate peel for 45 and 90 days on select 

biochemical parameters in monosex Nile tilapia (O. niloticus). 

Treatment 

 

Parameter 

Experimental diet 

Control 1 % 2 % 3 % 5% 11% 15% 20% 

TP 

(mg/

dl) 

45 

days 

2.3±0.15ab 2.7±0.35 a 2.5±0.12a  2.1±0.35 a 2.7±0.4a 2.8±0.4 a 2.8±1.3 a 1.9±0.43 a 

90 

days 

2.5±0.03d 2.6±0.4 d 3.6±0.03c 4.7±0.55ab 5.2±0.73a 4.6±0.56ab 4.3±.32bc 4.3±0.32bc 

GL 

(mg/

dl) 

45 

days 

59.0±8.4a 52.2±0.7ab 47.5±3.5ab 45.6±6.6b 45.3±0.2b 46.0±1.1b 46.4±9.4b 54.0±12 ab 

90 

days 

31.5±8.5b 31±8.9 b 33±3 b 37.5±4.5 b 38.7±0.6b  39±2.8b  42±5.9b 73.7±7.4a 

Effect of pomegranate peel on lipids 

Chol 

(mg/

dl) 

45 

days 

72.9±3.4c 78.9±3.3bc  79.1±1.5 bc 95.6±0.8a 89.7±4.9ab 87.3±3.4ab 85.4±13ab 81.7±4.1bc  

90 

days 

100±12.6a 73.2±5.8b 66.7±0.5b 61.2±6.9b 62.7±3.9b 69.1±1.3b 68.4±8.6b 60.9±8.8b 

Tg 

(mg/

dl) 

45 

days 

203.0±5.0a 202.3±4.5a  188.0±4.4b 186.4±1.4b  168.3±2.1c 163.6±9.0c 133±10.4d 138±15.6d 

90 

days 

259.6±5.4
c 

266.1±9.9c 276.6±3.2b 282.8±1.4a

b 

289.2±0.5a 284.8±6.3a

b 

131.8±4.1d 128.5±4.6d 

Effect of pomegranate peel on kidney function 

Crt 

(mg/

dl) 

45 

days 

0.5±.09cd 0.5±.03 cd 0.6±.04bcd 0.5±.09d  0.7±.02a 0.8±1.02a 0.5±.07cd  0.6±.12bc 

90 

days 

0.4±.15c 0.6±.2bc 0.6±0.1abc 0.5±.06bc  0.6±.14abc 0.4±.03 c 0.8±.06a 0.6±.03ab 

Ur 

(mg/

dl) 

45 

days 

5.5±1.3a 4.6±2.2 ab 3.2±0.32bc 2.3±1.1c 1.5±0.78c 2.0±0.1c 2.2±0.2c 2.1±1.2c 

90 

days 

3.8±1.1abc 4.5±1.18 ab  4.8±0.34a 3.3±0.2 bc 2.9±0.3 c 4.4±0.2ab  3.9±0.6abc 4.3±0.7ab 

Effect of pomegranate peel on liver enzyme activity 

ALT 

(U/L) 

45 

days 

23.3±1.8a 20±0.66b 17.8±.73c 17.3±.45c 16.9±.65cd 15.6±.45d 13.8±.83E 13.9±.65E 

90 

days 

20.7±.36bc 23.1±2.02 ab 20.2±2.4c  23.2±1.2ab 24.8±1.6a 16.5±1.2d 15.6±1.5d 15.4±.98d 

AST 

(U/L) 

45 

days 

21.2±.75a 18.8±1.02b 17.6±0.3bc 15.1±1.1dE 14.3±1.3EF 12.8±1.1F 15.2±1.1dE 16.1±.47dE 

90 

days 

22.9±3.1cd 26.3±1.2abc 23.8±3.3bcd 26.6±1.3ab 27.8±0.5a 20.8±1.3d 21.1±1.4 d 21.7±1.5 d 

Means within the same row not sharing a superscript letter are significantly different (P<0.05).  

Total protein (TP), glucose (GL), cholesterol (Chol), triglyceride (Tg), creatinine (Crt), urea (Ur), 

Alanine aminotransferase (ALT) and Aspartate aminotransferase (AST). 
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Fig. 4: Mean±SD of TP and GL in the blood of monosex Nile tilapia (O. niloticus) fed diets containing 

different concentrations of pomegranate peel for three months. TP: Total protein, GL: Glucose. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5: Mean±SD of Chol and Tg in the blood of monosex Nile tilapia (O. niloticus) fed diets 

containing different concentrations of pomegranate peel for three months. Chol: Cholesterol, 

Tg: Triglyceride. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 6: Mean±SD of ALT and AST in the blood of monosex Nile tilapia (O. niloticus) fed diets 

containing different concentrations of pomegranate peel for three months. ALT: Alanine 

aminotransferase, AST: Aspartate aminotransferase. 

 

 Immunological responses 

Figure 7 shows the effect of PP on select immunological parameters in the 

blood of monosex Nile tilapia fed a basal diet or diets with different concentrations of 
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PP. IgM levels and lysozyme activity were found to be significantly greater in PP-

supplemented groups than in the control group.  

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 7: Effects of a control diet and supplemented diets with pomegranate peel on immune status (IgM 

levels and lysozyme activity) in O. niloticus. 

 

DISCUSSION 

 

Pomegranate has been established to have many pharmacological effects in 

aquatic and terrestrial species (Vidal et al. 2003; Badawi and Gomaa, 2016; Toutou et 

al. 2019). However, little information is available about its effects on blood 

characteristics and immunity in Nile tilapia. Blood monitoring is important in 

aquaculture given that cultivation conditions affect the basic physiological functions 

of farmed fish (Tavares-Dias and Moraes, 2007). Feed-induced changes in blood 

indices in fish have been reported by many authors (e.g., Kelly, 1979; Kilgour, 1987). 

In our study, significant reductions in RBCs, Hb and Hct were found in the blood of 

monosex O. niloticus fed diets containing different concentrations of PP compared to 

the blood of control fish, consistent with the results of Badawi and Gomaa (2016). 

Such slight changes in RBCs and Hb in this study suggest that supplementation with 

PP (at the lower levels) may not have affected the health status of the monosex O. 

niloticus. Similar results have been documented in different fish species fed with 

Citrus spp. peel and oil (Acar et al. 2015 and Toutou et al. 2018). In addition, similar 

results have been recorded for Huso huso (Khajepour and Hosseini, 2012) and hybrid 

tilapia (Yue and Zhou, 2008) fed soybean meal-supplemented diets. There were no 

significant differences in MCV, MCH, and MCHC between PP-supplemented fish 

and control fish. WBCs were significantly higher in the blood of PP-supplemented 

fish fed than in that of control fish after three months of the feeding trial. Similar 

results have been recorded for Oreochromis mossambicus fed diets supplemented 

with thyme, rosemary and fenugreek compared to control fish (Gültepe et al. 2014). 

Additionally, Kumar et al. (2014) recorded elevated WBCs in Indian catfish (Mystus 

montanus) fingerlings fed herbal diets compared to those fed non-herbal diets. The 

higher WBC counts in the PP-supplemented fish in this study suggest a possible 

immunomodulatory effect of PP. 

Blood biochemical indices are useful for determining fish health status 

following different feeding trials (Yılmaz and Ergun, 2012). In the present study, Nile 

tilapia supplemented with different doses of PP exhibited significant increases in 

blood total protein levels after 90 days of feeding, confirming good growth 

performance during this experiment. Blood glucose levels have been used as 
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indicators of environmental stress, as they reflect changes in carbohydrate 

metabolism under stress conditions (Kamal and Omar, 2011). Glucose levels 

significantly increased with increasing PP concentrations over the 90-day feeding 

trial. Increased levels of glucose have previously been recorded in the blood of 

stressed fish (Levesque et al. 2002; Poléo and Hytteørd, 2003; Sayed et al. 2007; 

Adedeji et al. 2009; Mekkawy et al. 2010; Osman et al. 2010b) due to changes in the 

activity of glucose-6-phosphate dehydrogenase and lactate dehydrogenase, as 

previously detected by Osman et al. (2018). Changes in blood cholesterol and 

triglyceride concentrations are sensitive indicators of liver dysfunction because lipid 

homeostasis is one of the principal functions of the liver (Sayed et al. 2011). In the 

present study, PP-supplemented fish demonstrated significantly lower cholesterol 

levels after the 90-day feeding trial than control fish; the reduction in cholesterol can 

be explained by the polyunsaturated fatty acids and other constituents in PP. Baba et 

al. (2017) obtained similar results in tilapia (O. niloticus) fed argan oil-supplemented 

diets. PP exerts inhibitory effects on pancreatic lipase activity, inhibiting fat 

absorption from the intestinal tract (Kumar et al. 2018). In contrast to cholesterol 

concentrations, triglyceride concentrations were significantly elevated after 90 days 

of feeding in fish supplemented with increasing levels of PP (except at the 15% and 

20% levels) compared to control fish. The physiological roles of urea, uric acid and 

creatinine are not clearly understood. Nevertheless, the levels of these molecules are 

useful indices for overall gill and kidney health (Campbell, 2004), feed utilization 

(Tulli et al. 2007) and amino acid (arginine) requirements (Tibaldi et al. 1995) in 

fish. Badawi and Gomaa (2016) found low levels of creatinine and urea in fish groups 

fed diets containing PP extract for 10 weeks. Similar results were recorded in this 

experiment in the blood of fish supplemented with PP for only 45 days. However, 

after 90 days of feeding, dietary PP supplementation increased serum urea and 

creatinine levels in monosex tilapia, indicating that the levels of urea and creatinine 

increased with increasing feeding trial duration. Different results have been obtained 

with diets supplemented with thyme (Thymus vulgaris), rosemary (Rosmarinus 

officinalis) and fenugreek (Trigonella foenum-graecum) (Mostafa et al. 2009; Yılmaz 

et al. 2012). PP supplementation did not significantly change serum urea and 

creatinine levels, confirming that the use of PP did not affect the health status of 

monosex Nile tilapia. In both feeding trials, significantly lower ALT and AST levels 

were found in the blood of PP-supplemented fish than in that of control fish. Similar 

results were previously recorded by Badawi and Gomaa (2016). El-Sayed et al. 

(2014) suggested that dietary supplementation with pomegranate has no adverse 

effects on different fish organs or on fish health status. These results suggest an 

evident protective effect of PP on the tilapia liver and are consistent with the results 

of a recent study by Badawi and Gomaa (2016), who studied the effects of diets 

supplemented with PP extract at rates of 0.1, 0.2, 0.3, and 0.5% on O. niloticus. A 

marked protective effect of PP on liver function, as demonstrated by decreased AST 

and ALT, has also been shown by Ibrahim (2010). Decreases in enzyme activity can 

be regarded as indicators of the protective effect of PP on cells, tissues, and organs 

(Babalola et al. 2009). The non-specific immune system of fish is considered to be 

the first line of defence against invading pathogens. IgM levels and lysozyme activity 

are important indices of non-specific immunity in fishes. Lysozyme activity is an 

important parameter in the immune defence of both invertebrates and vertebrates. In 

the present study, fish fed diets containing 1, 2, 3, 5, 10, 15 and 20% PP had 

significantly higher IgM levels and lysozyme activity than control fish. The present 

results are consistent with those of Badawi and Gomaa (2016), who observed 
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significantly higher final IgM levels and lysozyme activity in the blood of fish fed 

diets containing 0.5, 0.3, and 0.2% PP extract than in that of fish fed other dietary 

treatments or the control diet. Additionally, our results are consistent with those of 

(Harikrishnan et al. 2012) who reported that serum lysozyme activity was 

significantly enhanced in fish fed pomegranate-enriched diets compared to control 

fish. Our results and those of (Harikrishnan et al. 2012 and Badawi and Gomaa 2016) 

shows that feeding pomegranate-enriched diets may be an important strategy to 

reduce cumulative mortality and protect fish from diseases.  

 

CONCLUSION 

 

We suggest that pomegranate-enriched diets improve the innate immune system 

in monosex O. niloticus to help protect against infection. The detected increases in 

immune response in the groups of monosex tilapia fed PP-supplemented diets 

compared to the control group may have been due to strengthening of the immune 

system mediated by the high proportions of antioxidants in PP. 
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