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ABSTRACT 

This study was conducted to determine the effect of ochratoxin A (OTA) on Nile tilapia (Oreochromis 
niloticus) fingerlings by stomach intubations. Also, to evaluate the efficacy of whey supplementations on 
ameliorate ochratoxicosis in fish. Six experimental treatments were applied in 18 circular fiber glass tanks of 0.5 
m3 water volume in triplicate groups (15 fish for each group) as follow control, whey supplementation and the 
OTA treatments were 80 µg/kg fish as low dose and 160 µg/kg fish as high dose with or without whey 
supplementations and reared for eight weeks. The results showed that OTA significantly decreased growth 
performance, gonadosomatic index (GSI) and feed utilization of O. niloticus. Meanwhile, whey supplementation 
improved the growth performance, GSI, feed utilization and ameliorates the drastic effect of OTA especially 
with low OTA dose. Dry matter, crud protein, ash and gross energy decreased insignificantly than that observed 
in the control and supplementations groups. Meanwhile, addition of whey to ochratoxicosis fish diet increased 
the values of dry matter, crud protein, ash, and decreased ether extract. Liver and kidney function deteriorated 
with OTA treatments, where plasma GOT, ALP and Uric acid significantly and creatinine insignificant 
increased in dose dependent manner. Meanwhile, whey supplementation shows a vital role in maintain the 
integrity of liver and kidney functions. Therefore, OTA showed drastic effects on fish growth performance, GSI, 
nutrients utilization, and liver and kidney function. Also, whey supplementation showed protective role against 
OTA toxicity especially with low dose. 
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Introduction 
 

Mycotoxins are toxic metabolites produced by a large number of fungi under a wide range of 
environmental conditions. Ochratoxin A (OTA) is one of the most important mycotoxins in animals feed, which 
considered secondary metabolites produced by fungi of two genera Penicillium and Aspergillus (Ringot et al., 
2006). OTA is poorly metabolized to nontoxic form and slowly eliminated from the body which may play an 
important role in OTA toxicity, carcinogenicity and organ specificity (Mally et al., 2005).  

The toxicity of OTA on fish reported by nemours authors, Saad (2002) who reported that OTA has 
immunosuppressive effect on O. niloticus and common carp in acute and chronic toxicity. Also, Manning et al. 
(2003) evaluated the effect of feeding graded levels (0, 0.5, 1.0, 2.0, 4.0, or 8.0 mg/kg) of OTA on channel 
catfish (Ictalurus punctatus) for 8 weeks. The results showed that reductions in body weight gain and poor feed 
conversion ratio with OTA. Manning et al. (2005) reported that OTA could reduce the efficiency of immune 
system and disease resistance of channel catfish (I. punctatus). El-Sayed et al., (2009) investigated the acute 
toxicity of OTA on adult sea bass Dicentrarchus labrax L. and reported that the acute dietary 96 hrs LC50 of 
OTA is 9.23 mg kg-1 diet, the toxicity behavioral changes were primary associated with nervous and respiratory 
manifestations. 

OTA toxicity associated with inhibition of enzymes involved in phenylalanine metabolism, promotion 
lipid peroxidation, inhibition mitochondrial function (Marquardt and frohilch, 1992), disruption of calcium 
homeostasis (Ringot et al., 2006) and DNA damage (Lioi et al., 2004).  

The occurrence of OTA was widely reported in many cereal commodities such as barley, oats, rye, 
wheat, corn, coffee beans, and other plant products; with barley has a high likelihood of contamination (Bitt et 
al., 2000), corn, wheat, barley (Zinedine et al., 2006) millet, maize, rice and peanuts  (Sangare-Tigori et al., 
2006). Also, Salem and Ahmad (2010) scanning the contamination of mycotoxins in widely consumed foods 
and found that the predominant mycotoxin was OTA with a mean level of 4.17 µg kg-1 in 25% of analyzed 
samples. 
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Sweet whey is natural and rich source of lactose which represents about 70% of whey weight (Zadow 
and Csiro, 1984). However, lactose sugar well documented as prebiotic (Van immerseel et al., 2002). Moreover, 
whey is a rich source of biologically active molecules, several of which are known to impact on the immune 
system (Knowles and Gill, 2002). 

Kermanshahi and Rostami (2006) observed an improvement in body weight gain and feed conversion 
ratio due to adding dried whey in broiler diets. Also, Soliman and Mostafa (2007) found that dried whey had the 
same effect of lactose as a growth promoter and may be used as alternative prebiotics for lactose in poultry feed. 
Also, Saleh et al. (2007) found that whey protein concentrates ameliorate the drastic effect of Aflatoxin on 
growth rate and feed efficiency ratio in rat.  

Therefore, this work was aimed to investigate the effect of OTA on growth performance, feed and 
nutrient utilization, liver and kidney function of O. niloticus and the role of whey supplementation on alleviate 
the drastic effect of OTA. 
 

Material and Methods 

 

Experimental Fish Facilities 

The present study was carried out at the Laboratory of Fish Nutrition, Faculty of Agriculture (Saba Basha), 
Alexandria University, Egypt. Apparently healthy of 270 O. niloticus fingerlings (average of initial weight was 
23.39±0.16 g/fish) obtained from the experimental fish farm of Faculty of Agriculture (Saba Basha) Alex. Univ. 
was used. Experimental fish were kept for 21 days in circular fiberglass tanks as an acclimatization period at a 
rate of 50 fish/tank and fed on diet containing 32 % crude protein. 18 circular fiberglass tanks of 1m3 water 
capacity, adjusted to contain 0.5 m3 of water (3 tanks/treatment) each tank was stocked with 15 fish. The tanks 
were kept in indoor laboratory. Water temperature was checked daily, and ranged between 25–27ºC. Continuous 
aeration was maintained in each tank using an electric air pumping compressor. Manual method for removal of 
excreta was conducted every day before the first feeding by siphoning 10% of the water volume from the tank 
and replaced by an equal volume of water. 

 
Experimental Design 

Six treatments were designed as follow: control was free from OTA and whey; whey as a dose 7 g/kg diet 
(The whey contained 11, 62, 0.5 and 11% of protein, lactose, fiber and Ash, respectively; Dairy Farmers Co. of 
America New Wilmington, PA. 16142, U.S.A); OTA in two doses of 80 µg/kg fish as low OTA dose (LOTA) 
and 160 µg/kg fish as high OTA dose (HOTA) (Sigma Chemical Company, U.S.A, in powder form);  LOTA 
supplemented with whey; HOTA supplemented with whey.  

The OTA doses performed by stomach intubation as single dose on day zero of the experiment which 
continued to 8 weeks. These doses selected as LD50 of OTA were determined previously by Saad (2002) by 
intraperotenial injection in low dose and fold of LD50 as high OTA dose. 
 

Experimental Diets 

Two isonitrogenous (32% crude protein) and isocaloric (437.44 kcal/100g DM) experimental diets were 
formulated as presented in Table 1. All ingredients were brought from the local market, finely ground and mixed 
well then incorporated into the diets. The experimental diets were formulated in small pellets (0.5 mm diameter) 
using meat mincer, sun dried and stored at room temperature and fed to the experimental fish two times a day 
(9.00AM -14.00PM) at a rate of 3% of the actual live fish body weight which adjusted biweekly (6 days a 
week). 

 
Sampling Collection and Analytical Methods 

Body weight of fish was measured biweekly to point feed quantity, and at the end of the experiment fish 
were collected weight and counted per each replicate in each treatment to calculate growth performance, 
survival rate, feed and nutrients utilization. 

Blood samples were collected from the caudal vein after anaesthetized (tricane methanesulphonate MS-
222, 70 ppm) at the end of the experiment (15 fish/treatment). Pooled blood samples were centrifuged at 3000 
rpm for 15 min to separate serum samples, subsequently used for determination of Glutamic-Oxaloacetic 
transaminase (GOT), alkaline phosphatase (ALP), creatinine and uric acid in serum by using commercial kits 
produced by Bio-diagnostic Co. Egypt. After that this fish dissected to determine gonadosomatic index. 



Middle East J. Appl. Sci.., 5(1): 176-183, 2015 

178 

Samples of fish are killed by percussive stunning at the beginning and the end of the experiment and kept 
frozen at -20ºC for dry matter, crude protein, ether extract and ash analysis. The chemical analysis of the diets 
and fish was performed according to AOAC (1995). 
 
Table 1: Formula and chemical composition (%) of the experimental diets.  

Ingredient Basal diets Whey diet 

Fish Meal 14 14 

Whey powder - 7 

Soy bean meal 36 36 

Yellow Corn 6.5 6.5 

Lupine 17.5 17.5 

Rice particles 18 11 

Wheat Bran 4 4 

Corn oil 2 2 

Vit. and Men. mixture1 2 2 

Chemical composition % 

Dry matter (DM) 95.94 96.39 

Nutrient (%) on dry matter basis 

Crud protein (CP) 32.35 31.91 

Ether extract 4.65 5.19 

Ash 6.48 7.49 

Crude fiber 5.04 4.85 

Nitrogen free extract (NFE) 51.57 50.50 

Gross energy (kcal/100g DM)2 438.28 436.59 

Protein: energy ratio (mg CP: Kcal) 73.81 73.09 
1Every 1kg Vit. and Men. mixture contain Vit. A 4000000 IU, Vit. D3  666666.66 IU, Vit. E 3333.33 IU, Vit. K3 0.666 g, Vit. B1 0.333 g, Vit. 
B2 0.166 g, Vit. B6 0.5 g, Vit. B12 0.003g, Biotin 0.016 g, Pantothenic acid 6.67 g, Nicotinic acid 10 g, Folic acid 0.33 g, Zinc 16.6 g, 
Manganese 20 g, Iron 10 g, Copper 3.33 g, Iodine 0.33 g, Selenium 0.033 g, Cobalt 0.033g. 
2Gross energy, calculated on the basis of 5.64, 4.11 and 9.44 Kcal GE/g protein, NFE and ether extract respectively (NRC, 1993). 

 

Statistical analysis 

Statistical analysis of the experimental results was conducted by one-way ANOVA followed by Duncan's 
(1955) multiple range tests to determine the significance levels (0.05) among means of treatments. All statistics 
were performed using SPSS 17.00 (SPSS, Chicago, IL, USA). 

 
Results and Discussion 
 
Growth Performance 

Growth performance of O. niloticus treated with OTA alone or with whey supplemented diet summarized 
in Table 2. The results revealed that fish treated with OTA in both two doses had significantly (P>0.05) lower 
final body weight, gain, average daily gain (ADG) and specific growth rate (SGR) in dose dependent manner 
compared to other groups. Also, OTA treatments showed severe depression (P>0.05) of gonadosomatic index 
(GSI). Meanwhile, condition factor didn’t affect significantly. However, whey supplementation treatments 
succeed to improve all mentioned parameters with both of OTA doses, but don’t reach control and whey 
treatment (Figure 1). 

 

Table 2: Effect of OTA and/or whey on growth performance of Nile tilapia (O. niloticus) fingerlings. 

Treatments 
Body weight 

ADG2 
(g/fish/day) 

SGR3 
(%/day) 

Survival4 
(%) Initial  

(g/fish) 
Final  
(g/fish) 

Gain1 
(g/fish) 

Control 23.40±0.23 38.62±0.81b 15.22±0.58b 0.27±0.01b 0.89±0.02ab 100.0±0.0 
Whey 23.50±0.50 42.42±0.23a 19.60±0.40a 0.35±0.01 a 1.08±0.00a 100.0±0.0 
LOTA  23.08±0.45 33.57±0.03cd 10.49±0.48cd 0.19±0.01cd 0.67±0.04cd 90.00±10 
HOTA  23.37±0.10 33.45±0.45d 10.09±0.55d 0.18±0.01d 0.64±0.03d 73.33±0.0 
LOTA + whey 23.62±0.18 35.02±0.38bcd 11.40±0.57bcd 0.20±0.01bcd 0.70±0.03bcd 86.67±13 
HOTA +whey 23.43±0.03 38.14±2.69bc 14.71±2.72bc 0.26±0.05bc 0.87±0.13bc 83.33±10 

Means in the same column having different letters are significantly different. LOTA: Low ochratoxin A dose; HOTA: High ochratoxin A 
dose. 
1 Gain (g /fish) = Final body weight (g) - Initial body weight (g) 
2 Average daily gain (ADG, g/fish/day) = Gain (g /fish) / period (days) 
3 Specific growth rate (SGR, %/day) =100 (Ln Final weight - Ln Initial weight) period (days) 
4 Survival (%) =100 (No. of fish at the end/No. of fish at the beginning of the experiments). 
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These results are parallel to the findings of Manning et al. (2003) on channel catfish, which exposed to different 
doses of OTA and the results revealed a significant reduction in weight gain after eight weeks of treatment. 
Moreover, Srour (2004) found that exposure of O. niloticus to OTA at 4.8, 9.6 and 14.4 mg/kg diet resulted in 
reduction of growth performance of the treated fish. Also, Farag (2005) found that OTA caused losses in final 
weight, gain and SGR of O. niloticus and Cyprinus carpio fed on diet contaminated with 7 mg of OTA/kg diet. 

 

  

Fig. 1: Effect of OTA and/or whey on condition factor and gonadosomatic index. 

LOTA: Low ochratoxin A dose; HOTA: High ochratoxin A dose. 
1 Condition factor = (Weight/length3)*100. 
2 Gonadosomatic index (GSI) = (Testes weight/ body weight)*100. 

 

The depression effect of OTA on growth performance of treated fish may be attributed to several major 
mechanisms such as inhibition effects of OTA on protein synthesis via inhibition of phenylalanine (Phe)-tRNA 
syntheses and inhibition of phe-hydroxylase (Ringot et al., 2006). Moreover, OTA induce formation of a 
reactive oxygen species, in turn stimulated destruction of nucleic acids, proteins and lipids, also small 
biomolecules (ascorbic acid and biogenic amines) (Hasinoff et al., 1990). Likewise, OTA inhibits respiration in 
mitochondria. As well as, OTA causes DNA adduction which affected cell viability via enhanced apoptosis; 
consequently OTA-induced programmed cell death (Lioi et al., 2004). 

In line with the obtained results Saleh et al., (2007) reported that addition of whey protein concentrate 
(7%) to aflatoxin contaminated diet realized better growth rate and energy utilization in Sprague–Dawley male 
rats. The whey improvement effects may be attributed to its high content of lactose (more than 60%) which 
inhibit intestinal pathogens and stimulate the proliferation of beneficial bacteria (Naghton et al., 2001). Those 
have several health-related effects such as immune enhancement (Roberfroid, 2000). Moreover, whey proteins 
have the ability to act as an antioxidant. The primary mechanism by which whey proteins are exert an effect is 
by intracellular conversion of the amino acid cysteine to glutathione peroxidase, a potent intracellular 
antioxidant (Marshall, 2004), where protecting the cell membrane from oxidative damage (Prakash et al., 2001). 

Regarding to the effects of OTA and whey on survival rate (%), insignificant (P<0.05) differences of 
survival rates were noticed among all treatments. Although OTA decreased survival rate and the addition of 
whey increased survival especially with HOTA treatments. The obtained results agreed with Manning et al. 
(2003) who reported that the survival of catfish fed on diets containing 4 mg of OTA/kg was higher than those 
fed on diet containing 8.0 mg of OTA/kg. Moreover, Srour (2004) reported that survival of O. niloticus exposed 
to 4.8, 9.6 and 14.4 mg of OTA/kg diet was significantly different. Also, channel catfish fed on diet containing 
4.0 mg OTA/kg revealed significantly higher mortality (80.49%) than that observed in control group (Manning 
et al., 2005). 

 
Feed and Nutrient Utilization 
 

Results of feed and nutrient utilization of O. niloticus treated with LOTA or HOTA doses and fed whey 
supplemented diets are illustrated in Table 3. There were insignificant (P<0.05) differences in feed intake and 
energy utilization. However, Feed conversion ratio (FCR) and protein utilization (PER and PPV) of both OTA 
doses deteriorated significant (P>0.05) than control group and whey supplementation treatment. Moreover, 
whey supplementation recover the drastic of OTA on feed and nutrients utilization. 

These results agreed with the findings of Saad (2002), who reported that OTA depressed FCR of O. 
niloticus treated with OTA. Moreover, the obtained results are in harmony with those obtained by Srour (2004) 
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who found that OTA reduced feed and nutrients utilization of O. niloticus. Also, Elaroussi et al. (2006) revealed 
that dietary OTA decreased the body weight, feed consumption, feed conversion ratio in broiler chicken.  

Regarding to the improvement effects of whey against OTA toxicity, Burnell et al. (1988) found that 
addition of whey to diet causes a reduction of gut pH which slow passage rate of gulp allowing more time for 
absorption and enhance the activity of proteolytic enzymes. This leads to increase the digestibility and retention 
of the nutrients by adding whey to diets (Balloun and Khajarern, 1974). Whey proteins have proportionately 
more sulfur-containing amino acids (cysteine and methionine) than caseins, which contributes to the higher PER 
of whey proteins than that of casein (Walzem et al., 2002). Moreover, the findings of Soliman and Mostafa 
(2007) agreed with the present results, where the addition of whey into chick’s diets for 5 weeks improved feed 
conversion ratio than that recorded by the control group. 

 
Table 3: Effect of OTA and/or whey on feed and nutrients utilization of Nile tilapia (O. niloticus) fingerlings. 

Treatments 
Feed intake 
(g/fish) 

FCR1 
Protein utilization Energy 

utilization4 PER2 PPV3 

Control 42.29±1.25 2.78±0.02cd 1.11±0.01b 15.66±0.06ab 12.60±1.38 
Whey 42.50±0.50 2.17±0.02d 1.43±0.02a 18.72±0.99a 13.80±0.48 
LOTA  41.07±0.79 3.92±0.10a 0.79±0.02c 7.33±0.36c 9.03±1.62 
HOTA  39.37±0.26 3.91±0.19b 0.79±0.04c 6.01±3.53c 8.98±0.77 
LOTA + whey 40.28±1.62 3.55±0.32bc 0.89±0.08bc 8.81±2.01c 8.89±1.27 
HOTA +whey 43.15±0.40 3.03±0.53bcd 1.07±0.19bc 12.04±0.60bc 11.91±1.26 

Means in the same column having different letters are significantly different. LOTA: Low ochratoxin A dose; HOTA: High ochratoxin A 
dose. 
1 Feed conversion ratio (FCR) = total dry diet intake (g) / total fish wet weight (g). 
2 protein efficiency ratio (PER) = wet weight gain (g)/ amount of protein fed (g). 
3 Protein productive value (PPV, %) = 100 (P-P0)/ Pi. Where P is protein content in fish carcass at the end of the experiment, P0 is protein 
content in fish carcass at the start of the experiment and Pi is protein in feed intake. 
4 Energy utilization (%) = 100 (E-E0)/Ei. Where E is the energy in fish carcass at the end of the experiment (Kcal), E0 is the energy in fish 
carcass at the start of the experiment (Kcal) and Ei is energy in feed intake (Kcal).  

 

Whole body composition: 

Table 4 showed the effect of OTA and whey on whole body chemical composition and gross energy of O. 
niloticus. The obtained results revealed an insignificant (P<0.05) differences observed among all treatments, 
although, the treatments with LOTA and HOTA doses caused a reduction in dry matter, crud protein and ash, 
and increased ether extract of treated fish carcass. Moreover, the addition of whey to treated fish diet improved 
the health condition of fish via increasing the value of dry matter, crud protein and ash, and decreasing ether 
extract. 
 
Table 4: Effect of OTA and/or whey on whole body composition and gross energy of Nile tilapia (O. niloticus) fingerlings. 

Treatments Dry matter 
% on dry matter basis Gross energy  

(kcal/100g)1 Crude protein Ether extract Ash 

Control 26.11±1.01 57.07±1.79 21.95±2.91 20.99±1.11 412.06±1.83 
Whey 25.20±0.78 58.30±2.01 20.69±3.01 21.01±0.20 524.13±13.23 
LOTA  24.69±1.73 54.87±5.59 25.93±3.93 19.20±1.65 416.04±15.34 
HOTA  24.21±1.15 53.80±4.06 27.41±4.01 18.79±0.06 416.10±6.46 
LOTA + Whey 24.30±0.49 55.94±1.05 23.69±0.27 20.37±0.78 412.88±4.80 
HOTA + Whey 25.49±0.80 54.39±2.36 24.90±1.41 20.71±0.95 409.09±7.54 

1Gross energy, calculated on the basis of 5.64 and 9.44 Kcal GE/g protein and ether extract respectively (NRC, 1993). 
LOTA: Low ochratoxin A dose; HOTA: High ochratoxin A dose.  

 

These results agreed with the findings of Srour (2004) who found a decreased on dry matter, crud protein 
and ash, and increased ether extract of fish fed contaminated diets with OTA. The decrease in fish carcass crude 
protein may be due to the inhibition of Phe-tRNA syntheses and inhibition of Phe-hydroxylase which disrupts 
protein synthesis (Ringot et al. 2006). 

 
Liver and kidney function: 

Data presented in Table 5 illustrated the effect of OTA and whey on the liver function (hepatic integrity) 
via determines enzymes stored in hepatocytes as GOT and ALP in serum as a criterion. The GOT and ALP 
values increased with all OTA doses in dose dependent manner, and whey supplementation treatments alleviate 
the effects of OTA on liver by decreasing GOT and ALP values. Control and whey groups showed the least 
significant values of GOT and ALP than other treatments. 
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These results agreed with Saad (2002) who found a significant increase in serum aspartat 
aminotransferase and ALP with OTA treatment on O. niloticus. Furthermore, these results are nearly similar 
with a study conducted with Wang et al. (2009) on broiler which fed a combination of 0.5 mg/kg of OTA and 1 
mg/kg of T-2 toxin, which elevated the activities of serum gamma-glutamyltransferase, asparate 
aminotransferase, and alanine aminotransferase. The increase of serum transaminases and phosphatases in the 
present study may reflect myocardial and hepatic toxicity leading to extensive liberation of the enzymes in 
blood circulation (Fuchs et al., 1984).  

The effect of OTA and whey on kidney function by determining creatinine and uric acid level in serum 
as an indicator to glomerular filtration rate (Table 5). The obtained results showed an increase in creatinine and 
uric acid level with both OTA doses especially HOTA than that observed with other treatments. Meanwhile, the 
addition of whey decreased creatinine and uric acid levels and improved kidney function. 

These result agreed with the findings of Abdelhamid et al. (1999) they reported that OTA significantly 
(P<0.05) increased serum values of creatinine, urea and uric acid of rabbits. Creatinine is a protein produced by 
muscle and released into the blood hence removed by the kidney and the increase of creatinine levels indicated 
to decrease of kidney function (Zotti et al., 2008). Uric acid is the end product of purine metabolism (purines are 
building blocks of RNA and DNA) which excreted from the body by the kidneys, an over production of uric 
acid occur may due to excessive breakdown of cells, which contain purines, or an inability of the kidneys to 
excrete uric acid (Toncev et al., 2002). 

 
Table 5: Effects of OTA and/or whey on liver and kidney function of Nile tilapia (O. niloticus) fingerlings. 

Treatment 
Liver  Kidney 

GOT (units/ml) ALP (IU/L) Creatinine (mg/dl) Uric acid (mg/dl) 
Control 36.00±3.46b 18.05±1.48c 2.26±0.33a 2.19±0.31c 
Whey 34.10±1.23b 17.00±0.50c 1.81±0.10b 1.99±0.20c 
LOTA  44.83±1.01a 23.32±1.33ab 3.06±0.31a 3.86±0.62ab 
HOTA  49.00±2.08a 25.10±1.58a 3.50±0.28a 4.14±0.43a 
LOTA + whey 41.83±1.92ab 20.45±1.14bc 2.57±0.97a 2.25±0.52c 
HOTA +whey 45.33±2.60a 23.47±1.29ab 3.17±1.10a 2.51±0.33bc 

Means in the same column having different letters are significantly different. 
LOTA: Low ochratoxin A dose; HOTA: High ochratoxin A dose; Glutamic-Oxaloacetic transaminase: GOT; alkaline phosphatase: ALP. 

 
The increase of creatinine and uric acid in serum of ochratoxicosis fish may be attributed to renal 

disturbance associated with damage to proximal tubules and thickening of the glomerular basement membrane 
caused by OTA and is manifested by reduced ability to produce concentrated urine (Marquadret, 1996). 
Moreover, kidney is the main target organ of OTA genotoxicity, where induced DNA single-strand breaks and 
DNA adducts in kidney (Pfohl-Leszkowicz, 1993). Finally, the present study suggests that whey 
supplementations proved antagonistic effects against OTA toxicity and improve growth performance, feed and 
nutrients utilization, vital organs functions and body composition. 
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	Mycotoxins are toxic metabolites produced by a large number of fungi under a wide range of environmental conditions. Ochratoxin A (OTA) is one of the most important mycotoxins in animals feed, which considered secondary metabolites produced by fungi of two genera Penicillium and Aspergillus (Ringot et al., 2006). OTA is poorly metabolized to nontoxic form and slowly eliminated from the body which may play an important role in OTA toxicity, carcinogenicity and organ specificity (Mally et al., 2005). 
	The toxicity of OTA on fish reported by nemours authors, Saad (2002) who reported that OTA has immunosuppressive effect on O. niloticus and common carp in acute and chronic toxicity. Also, Manning et al. (2003) evaluated the effect of feeding graded levels (0, 0.5, 1.0, 2.0, 4.0, or 8.0 mg/kg) of OTA on channel catfish (Ictalurus punctatus) for 8 weeks. The results showed that reductions in body weight gain and poor feed conversion ratio with OTA. Manning et al. (2005) reported that OTA could reduce the efficiency of immune system and disease resistance of channel catfish (I. punctatus). El-Sayed et al., (2009) investigated the acute toxicity of OTA on adult sea bass Dicentrarchus labrax L. and reported that the acute dietary 96 hrs LC50 of OTA is 9.23 mg kg-1 diet, the toxicity behavioral changes were primary associated with nervous and respiratory manifestations.
	OTA toxicity associated with inhibition of enzymes involved in phenylalanine metabolism, promotion lipid peroxidation, inhibition mitochondrial function (Marquardt and frohilch, 1992), disruption of calcium homeostasis (Ringot et al., 2006) and DNA damage (Lioi et al., 2004). 
	The occurrence of OTA was widely reported in many cereal commodities such as barley, oats, rye, wheat, corn, coffee beans, and other plant products; with barley has a high likelihood of contamination (Bitt et al., 2000), corn, wheat, barley (Zinedine et al., 2006) millet, maize, rice and peanuts  (Sangare-Tigori et al., 2006). Also, Salem and Ahmad (2010) scanning the contamination of mycotoxins in widely consumed foods and found that the predominant mycotoxin was OTA with a mean level of 4.17 µg kg-1 in 25% of analyzed samples.
	Sweet whey is natural and rich source of lactose which represents about 70% of whey weight (Zadow and Csiro, 1984). However, lactose sugar well documented as prebiotic (Van immerseel et al., 2002). Moreover, whey is a rich source of biologically active molecules, several of which are known to impact on the immune system (Knowles and Gill, 2002).
	Kermanshahi and Rostami (2006) observed an improvement in body weight gain and feed conversion ratio due to adding dried whey in broiler diets. Also, Soliman and Mostafa (2007) found that dried whey had the same effect of lactose as a growth promoter and may be used as alternative prebiotics for lactose in poultry feed. Also, Saleh et al. (2007) found that whey protein concentrates ameliorate the drastic effect of Aflatoxin on growth rate and feed efficiency ratio in rat. 
	Therefore, this work was aimed to investigate the effect of OTA on growth performance, feed and nutrient utilization, liver and kidney function of O. niloticus and the role of whey supplementation on alleviate the drastic effect of OTA.
	Experimental Fish Facilities
	The present study was carried out at the Laboratory of Fish Nutrition, Faculty of Agriculture (Saba Basha), Alexandria University, Egypt. Apparently healthy of 270 O. niloticus fingerlings (average of initial weight was 23.39±0.16 g/fish) obtained from the experimental fish farm of Faculty of Agriculture (Saba Basha) Alex. Univ. was used. Experimental fish were kept for 21 days in circular fiberglass tanks as an acclimatization period at a rate of 50 fish/tank and fed on diet containing 32 % crude protein. 18 circular fiberglass tanks of 1m3 water capacity, adjusted to contain 0.5 m3 of water (3 tanks/treatment) each tank was stocked with 15 fish. The tanks were kept in indoor laboratory. Water temperature was checked daily, and ranged between 25–27ºC. Continuous aeration was maintained in each tank using an electric air pumping compressor. Manual method for removal of excreta was conducted every day before the first feeding by siphoning 10% of the water volume from the tank and replaced by an equal volume of water.
	Experimental Design
	Six treatments were designed as follow: control was free from OTA and whey; whey as a dose 7 g/kg diet (The whey contained 11, 62, 0.5 and 11% of protein, lactose, fiber and Ash, respectively; Dairy Farmers Co. of America New Wilmington, PA. 16142, U.S.A); OTA in two doses of 80 µg/kg fish as low OTA dose (LOTA) and 160 µg/kg fish as high OTA dose (HOTA) (Sigma Chemical Company, U.S.A, in powder form);  LOTA supplemented with whey; HOTA supplemented with whey. 
	The OTA doses performed by stomach intubation as single dose on day zero of the experiment which continued to 8 weeks. These doses selected as LD50 of OTA were determined previously by Saad (2002) by intraperotenial injection in low dose and fold of LD50 as high OTA dose.
	Experimental Diets
	Two isonitrogenous (32% crude protein) and isocaloric (437.44 kcal/100g DM) experimental diets were formulated as presented in Table 1. All ingredients were brought from the local market, finely ground and mixed well then incorporated into the diets. The experimental diets were formulated in small pellets (0.5 mm diameter) using meat mincer, sun dried and stored at room temperature and fed to the experimental fish two times a day (9.00AM -14.00PM) at a rate of 3% of the actual live fish body weight which adjusted biweekly (6 days a week).
	Sampling Collection and Analytical Methods
	Body weight of fish was measured biweekly to point feed quantity, and at the end of the experiment fish were collected weight and counted per each replicate in each treatment to calculate growth performance, survival rate, feed and nutrients utilization.
	Blood samples were collected from the caudal vein after anaesthetized (tricane methanesulphonate MS-222, 70 ppm) at the end of the experiment (15 fish/treatment). Pooled blood samples were centrifuged at 3000 rpm for 15 min to separate serum samples, subsequently used for determination of Glutamic-Oxaloacetic transaminase (GOT), alkaline phosphatase (ALP), creatinine and uric acid in serum by using commercial kits produced by Bio-diagnostic Co. Egypt. After that this fish dissected to determine gonadosomatic index.
	Samples of fish are killed by percussive stunning at the beginning and the end of the experiment and kept frozen at -20ºC for dry matter, crude protein, ether extract and ash analysis. The chemical analysis of the diets and fish was performed according to AOAC (1995).
	Table 1: Formula and chemical composition (%) of the experimental diets. 
	1Every 1kg Vit. and Men. mixture contain Vit. A 4000000 IU, Vit. D3  666666.66 IU, Vit. E 3333.33 IU, Vit. K3 0.666 g, Vit. B1 0.333 g, Vit. B2 0.166 g, Vit. B6 0.5 g, Vit. B12 0.003g, Biotin 0.016 g, Pantothenic acid 6.67 g, Nicotinic acid 10 g, Folic acid 0.33 g, Zinc 16.6 g, Manganese 20 g, Iron 10 g, Copper 3.33 g, Iodine 0.33 g, Selenium 0.033 g, Cobalt 0.033g.
	2Gross energy, calculated on the basis of 5.64, 4.11 and 9.44 Kcal GE/g protein, NFE and ether extract respectively (NRC, 1993).
	Statistical analysis
	Statistical analysis of the experimental results was conducted by one-way ANOVA followed by Duncan's (1955) multiple range tests to determine the significance levels (0.05) among means of treatments. All statistics were performed using SPSS 17.00 (SPSS, Chicago, IL, USA).
	Growth Performance
	Growth performance of O. niloticus treated with OTA alone or with whey supplemented diet summarized in Table 2. The results revealed that fish treated with OTA in both two doses had significantly (P>0.05) lower final body weight, gain, average daily gain (ADG) and specific growth rate (SGR) in dose dependent manner compared to other groups. Also, OTA treatments showed severe depression (P>0.05) of gonadosomatic index (GSI). Meanwhile, condition factor didn’t affect significantly. However, whey supplementation treatments succeed to improve all mentioned parameters with both of OTA doses, but don’t reach control and whey treatment (Figure 1).
	Table 2: Effect of OTA and/or whey on growth performance of Nile tilapia (O. niloticus) fingerlings.
	These results are parallel to the findings of Manning et al. (2003) on channel catfish, which exposed to different doses of OTA and the results revealed a significant reduction in weight gain after eight weeks of treatment. Moreover, Srour (2004) found that exposure of O. niloticus to OTA at 4.8, 9.6 and 14.4 mg/kg diet resulted in reduction of growth performance of the treated fish. Also, Farag (2005) found that OTA caused losses in final weight, gain and SGR of O. niloticus and Cyprinus carpio fed on diet contaminated with 7 mg of OTA/kg diet.
	The depression effect of OTA on growth performance of treated fish may be attributed to several major mechanisms such as inhibition effects of OTA on protein synthesis via inhibition of phenylalanine (Phe)-tRNA syntheses and inhibition of phe-hydroxylase (Ringot et al., 2006). Moreover, OTA induce formation of a reactive oxygen species, in turn stimulated destruction of nucleic acids, proteins and lipids, also small biomolecules (ascorbic acid and biogenic amines) (Hasinoff et al., 1990). Likewise, OTA inhibits respiration in mitochondria. As well as, OTA causes DNA adduction which affected cell viability via enhanced apoptosis; consequently OTA-induced programmed cell death (Lioi et al., 2004).
	In line with the obtained results Saleh et al., (2007) reported that addition of whey protein concentrate (7%) to aflatoxin contaminated diet realized better growth rate and energy utilization in Sprague–Dawley male rats. The whey improvement effects may be attributed to its high content of lactose (more than 60%) which inhibit intestinal pathogens and stimulate the proliferation of beneficial bacteria (Naghton et al., 2001). Those have several health-related effects such as immune enhancement (Roberfroid, 2000). Moreover, whey proteins have the ability to act as an antioxidant. The primary mechanism by which whey proteins are exert an effect is by intracellular conversion of the amino acid cysteine to glutathione peroxidase, a potent intracellular antioxidant (Marshall, 2004), where protecting the cell membrane from oxidative damage (Prakash et al., 2001).
	Regarding to the effects of OTA and whey on survival rate (%), insignificant (P<0.05) differences of survival rates were noticed among all treatments. Although OTA decreased survival rate and the addition of whey increased survival especially with HOTA treatments. The obtained results agreed with Manning et al. (2003) who reported that the survival of catfish fed on diets containing 4 mg of OTA/kg was higher than those fed on diet containing 8.0 mg of OTA/kg. Moreover, Srour (2004) reported that survival of O. niloticus exposed to 4.8, 9.6 and 14.4 mg of OTA/kg diet was significantly different. Also, channel catfish fed on diet containing 4.0 mg OTA/kg revealed significantly higher mortality (80.49%) than that observed in control group (Manning et al., 2005).
	Feed and Nutrient Utilization
	Results of feed and nutrient utilization of O. niloticus treated with LOTA or HOTA doses and fed whey supplemented diets are illustrated in Table 3. There were insignificant (P<0.05) differences in feed intake and energy utilization. However, Feed conversion ratio (FCR) and protein utilization (PER and PPV) of both OTA doses deteriorated significant (P>0.05) than control group and whey supplementation treatment. Moreover, whey supplementation recover the drastic of OTA on feed and nutrients utilization.
	These results agreed with the findings of Saad (2002), who reported that OTA depressed FCR of O. niloticus treated with OTA. Moreover, the obtained results are in harmony with those obtained by Srour (2004) who found that OTA reduced feed and nutrients utilization of O. niloticus. Also, Elaroussi et al. (2006) revealed that dietary OTA decreased the body weight, feed consumption, feed conversion ratio in broiler chicken. 
	Regarding to the improvement effects of whey against OTA toxicity, Burnell et al. (1988) found that addition of whey to diet causes a reduction of gut pH which slow passage rate of gulp allowing more time for absorption and enhance the activity of proteolytic enzymes. This leads to increase the digestibility and retention of the nutrients by adding whey to diets (Balloun and Khajarern, 1974). Whey proteins have proportionately more sulfur-containing amino acids (cysteine and methionine) than caseins, which contributes to the higher PER of whey proteins than that of casein (Walzem et al., 2002). Moreover, the findings of Soliman and Mostafa (2007) agreed with the present results, where the addition of whey into chick’s diets for 5 weeks improved feed conversion ratio than that recorded by the control group.
	Table 3: Effect of OTA and/or whey on feed and nutrients utilization of Nile tilapia (O. niloticus) fingerlings.
	Whole body composition:
	Table 4 showed the effect of OTA and whey on whole body chemical composition and gross energy of O. niloticus. The obtained results revealed an insignificant (P<0.05) differences observed among all treatments, although, the treatments with LOTA and HOTA doses caused a reduction in dry matter, crud protein and ash, and increased ether extract of treated fish carcass. Moreover, the addition of whey to treated fish diet improved the health condition of fish via increasing the value of dry matter, crud protein and ash, and decreasing ether extract.
	Table 4: Effect of OTA and/or whey on whole body composition and gross energy of Nile tilapia (O. niloticus) fingerlings.
	LOTA: Low ochratoxin A dose; HOTA: High ochratoxin A dose. 
	These results agreed with the findings of Srour (2004) who found a decreased on dry matter, crud protein and ash, and increased ether extract of fish fed contaminated diets with OTA. The decrease in fish carcass crude protein may be due to the inhibition of Phe-tRNA syntheses and inhibition of Phe-hydroxylase which disrupts protein synthesis (Ringot et al. 2006).
	Liver and kidney function:
	Data presented in Table 5 illustrated the effect of OTA and whey on the liver function (hepatic integrity) via determines enzymes stored in hepatocytes as GOT and ALP in serum as a criterion. The GOT and ALP values increased with all OTA doses in dose dependent manner, and whey supplementation treatments alleviate the effects of OTA on liver by decreasing GOT and ALP values. Control and whey groups showed the least significant values of GOT and ALP than other treatments.
	These results agreed with Saad (2002) who found a significant increase in serum aspartat aminotransferase and ALP with OTA treatment on O. niloticus. Furthermore, these results are nearly similar with a study conducted with Wang et al. (2009) on broiler which fed a combination of 0.5 mg/kg of OTA and 1 mg/kg of T-2 toxin, which elevated the activities of serum gamma-glutamyltransferase, asparate aminotransferase, and alanine aminotransferase. The increase of serum transaminases and phosphatases in the present study may reflect myocardial and hepatic toxicity leading to extensive liberation of the enzymes in blood circulation (Fuchs et al., 1984). 
	The effect of OTA and whey on kidney function by determining creatinine and uric acid level in serum as an indicator to glomerular filtration rate (Table 5). The obtained results showed an increase in creatinine and uric acid level with both OTA doses especially HOTA than that observed with other treatments. Meanwhile, the addition of whey decreased creatinine and uric acid levels and improved kidney function.
	These result agreed with the findings of Abdelhamid et al. (1999) they reported that OTA significantly (P<0.05) increased serum values of creatinine, urea and uric acid of rabbits. Creatinine is a protein produced by muscle and released into the blood hence removed by the kidney and the increase of creatinine levels indicated to decrease of kidney function (Zotti et al., 2008). Uric acid is the end product of purine metabolism (purines are building blocks of RNA and DNA) which excreted from the body by the kidneys, an over production of uric acid occur may due to excessive breakdown of cells, which contain purines, or an inability of the kidneys to excrete uric acid (Toncev et al., 2002).
	The increase of creatinine and uric acid in serum of ochratoxicosis fish may be attributed to renal disturbance associated with damage to proximal tubules and thickening of the glomerular basement membrane caused by OTA and is manifested by reduced ability to produce concentrated urine (Marquadret, 1996). Moreover, kidney is the main target organ of OTA genotoxicity, where induced DNA single-strand breaks and DNA adducts in kidney (Pfohl-Leszkowicz, 1993). Finally, the present study suggests that whey supplementations proved antagonistic effects against OTA toxicity and improve growth performance, feed and nutrients utilization, vital organs functions and body composition.
	The authors acknowledge the Faculty of Agriculture (Saba basha), Alexandria University, Egypt for funding this study. 



