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ABSTRACT 

Clays have been used for centuries as ‘ancient medicine’ for their therapeutic 

benefits. One specific clay, calcium montmorillonite, has historically been used as an anti-

caking agent in animal feeds, but has also verified the ability to bind toxins and alleviate 

infectious diarrhea. Food borne toxin exposure, such as aflatoxin B1 (AFB1) is a serious 

problem facing by the aquaculture particularly with its intensification. Therefore, the purpose 

of this research was to explore novel therapeutic applications for 4TX, calcium 

montmorillonite clay to reduce the risk of AFB1 toxicity in farm-raised Nile tilapia through 

growth enhancement and better meat quality. For this purpose three trials were conducted. 

 Trial I was regarding the “alleviation of AFB1 toxicity by 4TX bentonite clay 

supplementation and its effect on health performance and immunity in Nile tilapia 

(Oreochromis niloticus)”. Two levels of 4TX clay (0.5 and 1%) were assessed against 2 and 

4 mg/kg AFB1 contaminated diets along with control group. The efficacy of 4TX clay was 

also compared in terms of its inclusion types (Water dispersal WD and powder mix PM).  

The results indicated there was a significant difference (P<0.05) observed in % weight gain 

and feed efficiency in all treatments. Control group showed maximum % weight gain 

(975.5±29.2) and feed efficiency (0.737±0.009) while treatment 4mg AFB1 + 0.5% 4TX WD 

showed minimum % weight gain (661.5±63.5) and feed efficiency (0.583±0.013). Regardless 

the inclusion of 4TX clay in the diets, the AFB1 has overall negative impact on the fish health 

performance. Maximum weight gain was observed in 0 mg AFB1 group (838.23 ± 28.87) and 

minimum in 4 mg AFB1 inclusion group (693.92±34.63). 1 % 4TX PM group showed higher 

growth (774.89±38.79) over 1% 4TX WD group (752.58±38.63). AFB1 also negatively 

affected the hepato-somatic index (HSI). 2 mg AFB1 treated diets showed a reduction (1.38 ± 

0.03) in (HSI) as compared to 0 mg AFB1 (2.28 ± 0.11) supplemented diets.  0 mg AFB1 

treated groups showed better protein energy efficiency (33.10±0.81) as compared to the 4mg 

AFB1 treated diets (29.41±0.74). Immunological response of tilapia showed a significant 

difference (p<0.05) towards the toxicity of AFB1 among all the treatments of all the three 

parameters tested. The maximum value of plasma lysozyme was observed in 4mg 

AFB1+0.5% 4TX WD group (224.65±10.96A) and minimum in 2mg AFB1+0.5% 4TX WD 

group (119.29±10.22). The results of NBT assay also showed a significant difference 

(p<0.05) among all the treatments. The maximum value was observed in 4mg AFB1+1% 



 

 

xv 

4TX PM group (3.60±0.10) and minimum in 2mg AFB1+1% 4TX PM group (2.72± 0.07). 

Extracellular super oxide anion production in head and kidney macrophages of tilapia were 

also significantly higher (p<0.05) in control group (1.72±0.07) as compared to AFB1 treated 

fish with minimal in 4mg AFB1+0.5% 4TX WD group (0.57±0.10). AFB1 residues (ppb) in 

muscles was observed maximum in 4mg AFB1+0.5% 4TX WD group (1.87±1.32) and 

minimum in 4mg AFB1+1% 4TX PM group (0.43±0.03) showing the protective effect of 

4TX clay, particularly in PM form against the toxic effects of AFB1. Histological analysis 

showed that fish fed AFB1 had greater liver pathological damage than those without AFB1.  

In trial ІІ effects of 4TX clay supplements on the nutrient digestibility of tilapia were 

evaluated. Results showed non-significant difference in apparent dry matter digestibility 

(ADMD), apparent crude protein digestibility (ACPD) and apparent crude lipid digestibility 

(ACLD) (P > 0.05). Apparent digestibility of essential amino acids was also found 

statistically non-significant except in the case of Methionine where 0.5% 4TX group showed 

maximum digestibility (97.63 ± 0.59) as compared to 1% 4TX group (83.30±8.17). Overall, 

0.5% 4TX level showed higher nutrient digestibility of tilapia as compared to 1% and control 

group.  

The results of trial ІІІ showed almost the same trends in growth patterns as observed 

in trial І. AFB1 treated diets showed minimum % weight gain (222.3±57.86), feed efficiency 

(0.170±0.05) and % survival (66.67±3.82) as compared to control group (421.9±29.83), 

(0.320±0.01) and (87.50±2.50), respectively. Without the addition of AFB1 in the diets, 0.5% 

4TX level showed better growth performance (328.6±24.65) over 1% 4TX (271.2±29.39). 

The results of proximate composition of whole body revealed that % moisture, ash and 

protein differ non-significantly in all the treatment while there observed a significant 

difference in % lipid in all the four treatments with minimum in AFB1 treated group 

(4.617±0.27) and maximum in control (5.927±0.39). These results could positively impact 

both human and animal populations with AFB1 exposure and decreasing the incidence of 

aflatoxicosis in farm-raised fish would ultimately prevent economic loss for the industry. 
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Chapter-1 

                                                                                INTRODUCTION  

The aquaculture industry is one of the fastest-growing food sectors in the world 

(Naylor et al., 2000; Subasinghe, 2005). Global aquaculture has grownup intensely over the 

last 50 years to about 66.6 million tons in 2012 and accounting for about 50 % of the world's 

fish food supply. Total world’s fisheries production has also increased tremendously 

accounting for 158 million tonnes in 2012 (FAO, 2014). Assuming the expected population 

growth over the next two decades, it is projected that at least an extra 40.1 million tons of 

aquatic food will be needed by 2030 to keep the current per caput consumption (FAO, 2012). 

Tilapia culture has also been increasing at an exceptional rate over the last two decades. Due 

to this, the production of tilapia has witnessed a 6-fold rise over the last fifteen years, 

jumping from 383,655 tons in 1990 to 4,677,613 tons in 2013 (FAO, 2014). This has 

generated a difference between seed supplies and farmers’ demand and resulted in an 

increasing demand for artificial feed. Due to environmental conservation concerns and high 

cost of fishmeal, the aquaculture sector is constantly looking for plant based alternates to 

substitute or supplement it in the diet. But, feedstuffs with higher levels of plant based 

materials like rice, corn, peanut and soybean components are more at risk to mycotoxin 

infection (Gatlin et al., 2007).  

The most serious problem facing the aquaculture sector today, is removing food 

borne toxin exposure, such as aflatoxin B1 (AFB1). Aflatoxins (AFs) are small molecular 

weight compounds produced mainly by two fungal species, Aspergillus flavus and A. 

parasiticus, which are normally occure in hot and humid regions of the world. Recently, a 

large number of studies focusing on aflatoxin contamination in foodstuffs, mainly in nuts, 

cereals and spices, have been reported in many countries, especially those in Africa and Asia 

(Bankole et al., 2010; Ding et al., 2012; Ok et al., 2007; Soubra et al., 2009). From the class 

of aflatoxins, aflatoxin B1 is the most lethal naturally occurring carcinogen (Ayyat et al., 

2013; Binder et al., 2007). The toxicity of AFB1 resulted to poor growth, immunity 

inhibition, reproduction damage, behavioral abnormalities, necrotic hepatocytes and the 

traces of aflatoxins in the liver and other edible tissues (Binder et al., 2007; Bintvihok et al., 

2002; Deng et al., 2010; Egbunike et al., 1980; Farabi et al., 2006; Groopman et al., 1996; 



 

 

2 

Sahoo and Mukherjee, 2001). However, there have been few studies reported on the 

contamination and the effects of AFB1 in farmed aqua feeds (Barbosa et al., 2013). On the 

other hand, AFB1 might still be a serious concern in aquaculture since the vast use of plant 

sources in aqua feeds, and spread of AFB1 by lethal deposits in the fish may be a danger to 

humans as well (El-Sayed and Khalil, 2009; Manning et al., 2005; Raghavan et al., 2011). 

In aquaculture and aqua-feed formulations the increased use of plant based materials 

has intensified the risks of aflatoxicosis in farmed fish because of the high load of aflatoxin 

by the vegetable sources (Cagauan et al., 2004; Ellis et al., 2000; Fegan, 2005; Naylor et al., 

2009; Spring, 2005). The aflatoxins production by toxic fungal strains can take place in the 

field directly, during different processing stages like insiling, aqua feed formulation, 

preparation and due to improper feed storage. However, the thermal treatments can only 

destroy the fungus but have no effect on the heat-resistant mycotoxins present in mycelium 

and spores of the mold. So, the aflatoxin accumulation in fish meal and fish feed represents a 

great threat for the aqua-cultured species and ultimately for the consumer’s health and safety. 

Consequently, the issue of aflatoxin contamination in fish and aquaculture industry has 

intensified.  

Aflatoxin B1 exposure depends upon the particular fish species. For example trout is 

considered as the most sensitive to aflatoxin B1 (Horn et al., 1989). While other species like 

zebrafish, channel catfish and coho salmon are least sensitive to AFB1 (Plakas et al., 1991; 

Hendricks and Bailey, 1989; Tsai, 1996). Nile tilapia also affected by the deleterious effects 

of aflatoxin B1 as low as 1.5 mg/kg (Zychowski et al., 2013b). Like a fish farmed in the 

tropical and subtropical areas where aflatoxin contamination was identified generally, tilapia 

is largely studied to investigate the lethal effects of AFB1 to its physiological properties 

(Deng et al., 2010). 

Animal tissues can accumulate residues of aflatoxins which can cause severe public 

health risks as humans consume aflatoxin contaminated foods (Boonyaratpalin et al., 2001; 

Murjani, 2003; Puschner, 2002; Wu, 1998). Continued exposure to AFB1 resulted in toxic 

deposits in the muscle tissues of sea bass and walleye fish (Hussain et al., 1993; El-Sayed 

and Khalil, 2009). Aflatoxin B1 residues were recognized in the liver of Nile tilapia even 

after experienced to lesser concentrations of the toxin (<2 ppm) (Deng et al., 2010). In the 

case of aflatoxin B1 residues found in the tissues of fish there is a correlation between the 
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toxin concentration and the time of exposure (Abdelhamid et al., 2004). When fish exposed 

to moderate to high concentrations of aflatoxin, an acute intoxication develops, called acute 

aflatoxicosis that results in poor health and fertility, reduced weight gain, loss in productivity, 

and immunosuppression (Stewart and Larson, 2002). 

Immunity in fish can be affected by nutritional factors in their feed as well as 

naturally occurring and anthropogenic contaminants. Aflatoxicosis has prominent effect on 

the immune system of the fish (Celik et al., 2000). When exposed to aflatoxin B1, there has 

been observed a decrease in the levels of total serum protein, globulin and albumin in Labeo 

rohita and hybrid tilapia (Mohapatra et al., 2011; Deng et al., 2010). Lysozyme is a 

bacteriolytic enzyme that is one of several humoral parameters and is present in serum, 

secretions, and mucous membranes. The kidney and intestine have the highest concentrations 

of lysozyme (Hoover et al., 1998). Other immunological parameters affected, and which 

influence the degree of immunosuppression, have been observed in Nile tilapia where there 

was a reduction of macrophage phagocytic activity; also, suppression of serum bactericidal 

activity, neutrophil function, humoral immune response, and immunoglobulin levels were 

observed in rohu after chronic aflatoxin exposure (El-Enbaawy et al., 1994; Sahoo and 

Mukherjee, 2001b).  

The lower levels of serum plasma lysozyme and superoxide anion production in head 

and kidney macrophages of Nile tilapia and Red drum were also observed when exposed to 

higher concentrations of AFB1 (3 and 5 ppm, respectively) (Zychowski et al., 2013 a, b). 

Liver and kidney are the principle organs affected by mycotoxin contamination in the 

animals along with other organs (Kovacs, 2004). Prolonged exposure of aflatoxins in Nile 

tilapia produced prominent abnormalities and limited injury to the liver (El-Banna et al., 

1992; Chavez-Sanchez et al., 1994; Tuan et al., 2002).  

Extensive research has been designed and carried out to prevent mycotoxicosis in 

different animal species, including fish that mainly consists of different physical, nutritional 

chemical or biological means. Vast use of mycotoxin adsorbents that can capture and adsorb 

the toxin molecules by ion exchange process, thereby delaying their entry into the blood from 

the gastrointestinal tract has been made considerable attention in the prevention of 

mycotoxins. Hydrated sodium calcium aluminosilicate (HSCAS), bentonite, zeolite ore-

based compound, canola oil, activated carbon, spent bleaching clay, inorganic adsorbents, 
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some organic acids and aluminasilicates have been disclosed in the prevention of 

aflatoxicosis (Devegowda, 2005). 

Animal feeding studies have demonstrated that clay additives in the animal feed such 

as bentonites have the ability to sorb and mitigate the toxic effects of aflatoxins. Bentonites 

are mostly consists as smectite minerals (montmorillonite) and are found almost everywhere 

around the globe. In the commercially available animal feeds clays has been added to 

improve the quality of the food. The use of clays as protective measures against aflatoxicosis 

has been proven beneficial in many animal studies and this result in the advancement in the 

clay additive research. The animal feeding studies with some commonly available clays like 

Novasil, Na-bentonite, Astra Ben 20A, sepiolite, and many others has actually been proven 

beneficial  against the toxic effects of mycotoxins such as AFB1 (Jayens and Zartman, 2011). 

Five bentonite samples (1TX, 2TX, 3TX, 4TX, 5TX) from Gonzales, Texas, United 

States of America have been collected and analyzed in accordance with the selection criteria 

published for adsorbing aflatoxin: aflatoxin absorption capacity, organic carbon, cation 

exchange capacity (CEC), pH, and particle size distribution mineralogical and structural 

compositions. Based on the analyses, two montmorillonite clays have been identified as 

potentially good aflatoxin adsorbent. These clays were tested in vivo in poultry houses in 

which chickens were provided with corn contaminated with aflatoxin (1400 ppb) to 

investigate the effectiveness of detoxification of the bentonite clays. Detailed mineralogical 

analyses of these samples (4TX and 1TX) were performed on the basis of size fraction. The 

results showed that 4TX and 1TX clay consisted 87% and 65% of the clay, respectively. The 

dominant part of these two clays is smectite. Quartz and feldspar were also present in both 

samples. These minerals are unlikely to cause any harm to the chicks. Clay 1TX has some 

limitations to be used in animal feeding trials due to the presence of pyrite and heavy metals 

in it while clay 4TX found to be safe for use in animal feeding trials (Velazquez et al., 2010).  

Considering the fact that commercial bentonites used in feeding industry are dried 

and ground to fine powders, we obtained commercial bentonite from Southern Clay Products 

Inc. (Gonzales, Texas). One commercial hydrated sodium calcium aluminosilicate, NovaSil 

has been extensively studied and shown to be effective both in vitro and in vivo. The 

maximum adsorption capacity reported for this sample was 0.461 mol/kg (Grant and Phillips, 
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1998), and sample 4TX’s adsorption capacity 0.45 mol/kg (Velazquez et al., 2010) was close 

to this value. 

Hypothesis: 

Mycotoxin adsorbent reduces aflatoxin-B1 toxicity and enhances growth in Nile 

tilapia. 

Objectives: 

So on the basis of above mentioned facts regarding the occurrence, availability and 

toxicity of AFB1 in farmed feeds and animal species, the present study designed to achieve 

the following objectives; 

 

i) To control aflatoxin B1 (AFB1) toxicity in Nile tilapia (Oreochromis niloticus) 

ii) To alleviate AFB1 toxicity by 4TX bentonite clay supplementation and its effect on 

health performance and immunity in Nile tilapia (Oreochromis niloticus) 

iii) To examine the effects of 4TX clay supplements on nutrient digestibility of tilapia 

iv) To investigate the effect of 4TX supplements on growth performance of Nile tilapia 

in semi-intensive culture conditions fed AFB1 contaminated diets. 
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Chapter-2 

       REVIEW OF LITERATURE 

Aflatoxins are among all known mycotoxins, the most widespread source of 

contamination of food and feed throughout the world (Santacroce et al., 2008). A number of 

researches were carried out after aflatoxin B1 caused the death of rainbow trout in the early 

1960’s. Aflatoxins have negatively impacted the fish farming systems and productions by 

causing the high mortality diseases and also have influenced on the quality of cultured fish 

representing a major problem in aquaculture system.  

Mycotoxins are the products of the genera Aspergillus, Fusarium and Penicillium in 

the substrate of vegetable origin (for example rice (Oryza spp.), peanuts (Arachis hypogaea), 

Corn (Zea mays), and cotton seed (Gossypium spp.)) (Santacroce et al., 2008). Alinezhad et 

al. (2011) studied the natural presence of fungi and AFB1 in trout feed and in other feed 

pellets obtained at random from power markets. The results showed that Aspergillus genus 

was found to be prominent among the 109 fungal isolates. HPLC analysis of these feed 

samples showed the contamination of AFB1 was in the range of 1.83 to 67.35 mcg/kg. 

Similar studies has been carried out by Almeida et al. (2013) in which they investigated the 

mold contamination in 87 sea bass feed samples for the presence of aflatoxins. A. flavus was 

found in all positive samples ranging from 2 to 3.2 logs 10 CFU g-1. 

In another study the presence of common fungal species and AFB1 contamination in 

the feed and raw materials for a fish farm was determined. The results showed that all the 

samples from finished feed and raw materials have AFB1 levels. AFB1 was analyzed by Elisa 

(Nunes et al., 2015).  

Impact of AFB1 on fish health  

A reduction in growth is one of the main adverse effects reported due to 

contamination aflatoxin B1. Several studies report the decrease of growth rates in channel 

catfish (10 ppm AFB1 / kg; Jantrarotai and Lovell, 1990) and Nile Tilapia, Nile tilapia (L.), 

(100 ppb AFB1 - Encarnacao et al., 2009; 1880 ppb AFB1 - Chavez –Sanches et al., 1994; 

0.1 ppm AFB1 - El-Banna et al., 1992). Further effects of high aflatoxin levels include low 

hematocrit levels above 0.25 ppm, severe liver necrosis in the Nile tilapia with levels of 100 
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ppm AFB1 (Tuan et al., 2002) and immunosuppression in common carp, Cyprinus carpio 

(L.) (Sahoo and Mukherjee, 2001). 

The results of many studies revealed the negative effect of AFB1 on the health 

performance of Nile tilapia as Zychowski et al. (2013b) reported the deleterious effects of 

AFB1 in tilapia at lower concentrations such as 1.5 ppm. Mehrim and Salem (2013) have 

revealed serious toxic effects of AFB1 in the Nile tilapia with levels of 150 ppb AFB1 

addition to the hepatotoxic effects on the liver than the control group. El-Banna et al. (1992) 

have reported that the growth of Nile tilapia decreases significantly when it was exposed to a 

diet with 100 ug AFB1 / kg for a period of 10 weeks, and was observed 16.70% mortality 

when exposed to a dose of 200 ug / kg.  

In the majority of aquatic organisms exposed to AFB1, the toxic signs as anorexia, 

yellowing of the body surface, weight loss, feed efficiency reduction, liver dysfunction and 

histological damage are commonly observed. The results of the study of Cagauan et al. 

(2004) revealed that when Nile tilapia offered a diet containing 5–38.62 μg AFB1/kg feed the 

survival rate was lowered 67% as compared to the fish having no aflatoxin B1. When 

concentration of AFB1 was exceeded more than 29 μg AFB1/kg feed, the surface of tilapia 

becomes more yellowish. On the other hand, Tuan et al. (2002) concluded that tilapia has no 

deleterious effects when exposed to 250 μg AFB1/kg diet. They also concluded that growth 

performance and hematocrit of tilapia affected only at high dose as 2.5 mg AFB1/kg feed. 

Moreover, Chavez-Sanchez et al. (1994) concluded that tilapia can tolerate as high as 30 

mg/kg AFB1 of feed without mortality. 

Aflatoxins exert a substantial impact on the fish farming production, causing disease 

with high mortality and a gradual decline of reared fish stock quality, thus representing a 

significant problem in aquaculture systems. Han et al. (2010) investigated the toxic effects of 

AFB1 in terms of growth performance, histological changes and physiological responses in 

juvenile gibel carp (Carassius auratus gibelio). At the end of 90 days trial % weight gain 

(WG) by the fish fed 17.90 ug AFB1 kg-1 was 112.6% as compared to the control (without 

AFB1), no prominent difference in % WG in fish fed 28.26 ug AFB1 kg-1 and the control 

group. The results of the study of  Salem et al. (2010) reported that the aflatoxin 

contaminated diets resulted in poor growth performance, protein and feed utilization, 
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survival, carcass composition, somatic indices, some blood parameters, activities of plasma 

enzymes, protein profile and the residues of AFB1 (ppb) in the whole body of fish.  

Under laboratory conditions, Sepahdari et al. (2010) studied the effects of different 

dietary levels of AFB1 on Huso Huso. At the end of 3 months trial, the specific growth rate 

was not differing significantly among the treatments when exposed to different levels of 

AFB1. While there observed a significant difference in % weight gain and feed conversion 

ratio (FCR) among the treatments (diets contaminated with 75 and 100 ppb AFB1 / kg) and 

also with the control). Mortality and survival was not affected by the increasing 

concentration of AFB1. In line of these results Ruby et al. (2013) also concluded the same 

trend as observed in terms of weight gain and survival when Labeo rohita was exposed to 

increasing levels of AFB1.  

Aflatoxins and their animal biotransformation products, known as food-borne 

carcinogens, have been associated with serious harmful effects on the health of humans and 

animals. Zychowski et al. (2013a) concluded that aflatoxin B1 affected negatively increasing 

weight of red drum, feed efficiency, survival, hepatosomatic index (HSI), concentration in 

serum lysozyme, liver histopathology score, the levels of whole body lipid, as well as the 

inhibition of trypsin as low as 0.1 ppm AFB1. The interaction between aflatoxin (0,025 ppm) 

and various treatments (Ozone (0.5 mg / L / minute; Coumarin 5 g / kg diet; 20 g of clay / kg) 

irrelevant influenced the final body weight, daily gain and the feed conversion ratio (FCR). 

the final body weight and increased daily gain and better FCR were obtained in the group 

treated with ozone fish, then followed by those groups treated with clay (Ayyat et al., 2013). 

Huang et al. (2010) conducted a 24-week feeding trial to investigate the toxic effect of 

dietary AFB1 on the growth performance, histological changes, physiological responses, 

fertility and accumulation of AFB1 in Gibel Carp (Carassius auratus gibelio) during the 

stage of development of the gonads. The results showed that, there was no significant 

difference after 24 weeks of AFB1 exposure, in the final body weight in AFB1 exposure 

groups and the control.  

Different mycotoxins reveal a number of lethal effects in different animals, largely in 

the hepatic and nephritic regions. Chronic exposure of AFB1 resulted in specific variations 

and injury to the liver of Nile tilapia (Chavez-Sanchez et al., 1994; El-Banna et al., 1992; 

Tuan et al., 2002). Kenawy et al. (2009) observed that the liver of Nile tilapia enlarged and 
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faded with grayish patches with the spleen also weighed in the available-treated fish. Kidneys 

were also swollen and friable, while the gills were dark and filled with mucus in color. Such 

changes were increased in mild (AFS + EM) treated group but treated in (AFS + EB) group 

in severity. It was found that EM could effectively alleviate lesions of AFS and prevent the 

presence of AFS residues in fish tissue to be safe for human consumption. 

Raghavan (2011) conducted a study to evaluate the effect of AFB1 on hybrid 

sturgeon. The results showed non-significant difference in hepatosomatic index between the 

groups. Zychowski et al. (2013a) found that aflatoxin B1 has negative effect on red drum’s 

hepatosomatic Index (HSI) at different concentrations of AFB1 (0.1, 0.25, 0.5, 1.0, 2.0, 3.0 

and 5.0 ppm AFB1 / kg). 

Impact of AFB1 on immune response 

Aflatoxin B1 significantly alters the immune system. Controlled laboratory studies on 

animals have shown that AFB1 immunosuppression increases the risk of secondary infection 

(Pier, 1986). Immunosuppressive effects arising as a result of AFB1 exposure are cited 

studies in aquaculture. If trout are exposed as embryos AFB1, they suffer long term 

immunodeficiency (Ottinger and Kaattari, 2000). In this study, rainbow trout were exposed 

to 0.5 mg AFB1 30 minutes. After the leukocytes were cultured and mitogens were tested 

after LPS stimulation. Anterior kidney immunoglobulin production was about 2/3 of the 

levels of control in AFB1-exposed embryos. Lysozyme is a bacteriolytic enzyme that is one 

of several humoral parameters and is present in serum, secretions, and mucous membranes. 

The kidney and intestine have the highest concentrations of lysozyme (Hoover et al., 1998). 

A wide variety of biological effects such as toxicity, carcinogenicity, teratogenicity, 

genotoxicity, impairment of immune and reproductive system have been recorded in most 

animal species. Zychowski et al. (2013a) found that aflatoxin B1 affected by serum lysozyme 

changing negative red drum immune concentration and trypsin inhibition. When fish exposed 

to 0.1 ppm AFB1, it showed maximum plasma lysozyme values (246 units ml-1), while at 5 

ppm-AFB1 levels fish exhibit the lowest values (45 units ml-1). Nile tilapia decreased 

macrophage phagocytosis after exposure to 200 ppb AFB1 (El-Boshy et al., 2008). Other 

species such as Labeo rohita experience suppressed serum bactericidal activity, neutrophil 

and globulin levels after AFB1 exposure. Aflatoxin injection in this species at 1.25 mg / kg 

body weight led to lymphocytolysis (Sahoo and Mukherjee, 2001). 
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AFB1 may induce irregularities in blood biochemical and hematological factors. 

RBC’s, WBC’s, hematocrit and hemoglobin content of the fish are hard of AFB1 affected 

(Tuan et al., 2002). Lesser amounts of total serum protein, albumin and globulin were 

observed in rohu and tilapia when subjected AFB1 (Deng et al., 2010).  

The results of similar studies shows that AFB1 have significant influence on the 

immune system of fish as described by El-Enbaawy et al. (1994), Sahoo and Mukherjee, 

(2001b). El-Sayed and Khalil (2009) reported epizootic hepatoma in fish due to the 

contamination of food by Aspergillus species in sea bass (Dicentrarchus labrax L). An 

abnormal behavior with signs of toxicity of aflatoxin B1 were significant elevations of 

alkaline phosphatase and serum transaminases activities and a significant decrease in plasma 

proteins. Varior and Philip (2012) studied the effect of dietary crude aflatoxin B1 on the 

lysosomal membrane stability in Oreochromis mossambicus at biochemical and cellular 

level. The results showed significant difference in lysosomal membrane stability in different 

diets contaminated with AFB1. Hassan et al. (2010) conducted a study to examine the effects 

of two bentonite clays against the AFB1 contaminated diets in Nile tilapia. The results 

showed an overall decreasing trend in some of the blood proteins like albumin, globulin and 

total proteins. 

AFB1 residues in fish 

Many studies revealed that animals have AFB1 residues in their tissues after exposure 

to AFB1 that causes poor health effects after ingestion (Han et al., 2010; Messonnier et al., 

2007; Puschner, 2002; Santacroce et al., 2011; Tacon and Metian 2008). El-Sayed and Khalil 

(2009) concluded that delayed exposure of sea bass with small amounts of AFB1 (0.0018 mg 

/ kg) resulted in poor health performance and the accumulation of the AFB1 residues in the 

edible tissues of the fish which ultimately have threat for the consumers. In agreement with 

these results Han et al. (2009) reported that when gibel carp exposed to more than 10 ug 

AFB1 kg-1 diet the accumulation of AFB1 residues was detected in the muscles and ovaries 

above the safety levels of 2 ppb as set by European Union. In Nile tilapia AFB1 residues in 

the liver regions were noted exposed to as low as 2 ppm (Deng et al., 2010). Abdel Hamid et 

al. (2004) concluded that AFB1 residues in fish muscle represented a combined effect, which 

was based on the duration and the exposure of AFB1. 
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In another study AFB1 residue was dissolved in high concentrations (5 ppb) detected 

in sea bass muscles. So seabass was a highly susceptible species to aflatoxin B1 and it was 

found that consumption of contaminated fish lead to negative health effects in humans (El-

Sayed and Khalil, 2009).  Nomura et al. (2011) evaluated the contamination fed on aflatoxin 

diet by aflatoxins in fish. The absorption and excretion of aflatoxins by rainbow trout 

(Oncorhynchus mykiss) on exposure of 21 days observed. The recording factor aflatoxin B1 

and M1 were present, not only in the muscle and in the liver, but also in the rearing of water, 

and it was in the liver as in the muscles. If the diet were the change was a self-feed, aflatoxin 

B1 concentration in fish muscles that previously Aflatoxin has decreased below the detection 

limit B1 feed, fed (20 ug / kg) of the most sensitive method of analysis at 1.54 days. 

AFB1 accumulation in fish ovaries and muscles significantly increased as AFB1 

concentration in the diet increased. AFB1 in muscles in all groups were all below the safety 

limit of 5 ppb wet weight. These results show that AFB1 exposure to about 2000 ug AFB1 to 

kg-1 diet no apparent effect on the growth and liver function of gibel carp showed, but it 

would harm fertility of fish (Huang et al., 2011). Raghavan (2011) studied the toxicity of 

aflatoxin B1 in juvenile hybrid sturgeon Acipenserruthenus baeri. AFB1 increased levels in 

the diet led to an accumulation of AFB1 in fish muscle and liver. The maximum level that 

could be allowed in feed for sturgeon was found to be 10 ug AFB1 kg-1 diet. Seabass exposed 

to 1.8 mg / kg body weight. AFB1 for 42 d. resulted 5 ppb AFB1 accumulation in the muscle 

(El-Sayed and Khalil, 2009). 

So it is concluded that the toxicity caused by AFB1 have detrimental effects on 

humans and animals health (Agag, 2004; Messonnier et al., 2007), which is largely 

motivated by the increasing use of plant substances in feed of animals. Therefore, we can 

link the exposure AFB1 exert a bio-accumulative effect throughout the food chain and 

humans, the farm-raised fish are consuming at risk for AFB1 exposure. 

Efficacy of bentonite clays against aflatoxicosis 

The addition of binders into aflatoxin contaminated feed to adsorb the toxic 

molecules had caused an increasing attention from scientists over the years. The adsorbents 

are added to the diet of exposed animals to prevent uptake and metabolism of the toxins 

(Phillips et al., 2002). Bentonites, zeolites and activated carbon are the most studied aflatoxin 

adsorbents. The results by the study of Zychowski et al. (2013b) also revealed the protective 
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effect of bentonite clay (NovaSil) against the AFB1 induced toxicity in Nile tilapia. 

Hauptman et al. (2015) tested the efficacy of two mycotoxin adsorbents; grain distillers dried 

yeast (GDDY) and mycofix plus in Rain bow trout. The results showed an increased feed 

intake and FCR fed 30% (GDDY) diet while minor increase in fish growth, protein and 

energy retention were noticed with mycofix plus supplemented diets. In line of these findings 

Zychowski et al. (2013a) concluded that overall health of AFB1 exposed red drum is 

improved by NovaSil supplementation in the diets.  

Several reports indicated that the phyllosilicate clay, hydrated sodium calcium 

aluminosilicate (HSCAS), which is currently available as an anticaking agent for animal 

feeds, may prevent disease associated with aflatoxicosis in animals, including chickens, 

turkey poults, pigs and minks (Phillips et al.,1988; Phillips, 1999). Huwing et al. (2001) 

reviewed the efficiency of different materials, such as activated charcoal, zeolites, HSCAS, 

other clays, polymers, yeast and yeast products, as adsorbents for different mycotoxins. They 

found that HSCAS showed almost total protection against the adverse effects of aflatoxins 

but were very limited in counteracting the mycotoxin zearalenone. In most studies where 

both zeolites and smectites were studied, smectites seemed to be more effective, with an 

exception of the study by Tomasevic-Canovic (2001) in which it was concluded that 

clinoptilolite had a higher chemisorption index, less desorption after adsorption of AFB1, 

than montmorillonite. Over all, over the past two decades previous studies have indicated 

that literature smectite clays are effective adsorbents of aflatoxin and successfully protected 

many farm animals from aflatoxicosis. 

Calcium montmorillonite clay, which is both inexpensive and abundant, has a 

dioctahedral structure that is known to sequester AFB1 in its negatively-charged interlayer, 

thereby reducing systemic bioavailability. In another study of Velazquez (2010), the clays 

were introduced into the feed by the dry bentonite powder was mixed with the feed for 12 

minutes in a mechanical mixer. Body weight was increased by 21% with sound 4TX and 

14% clay 1TX in aflatoxin-diet. The concentration of total iv aflatoxins in liver was reduced 

by 36% with the addition of clays. Liver optics has also been improved from pale red to a 

reddish color similar to the healthy red liver. All chickens clean feed fed, significantly higher 

body weights had been fed than those with highly contaminated feed, suggesting that the tone 

completely not eliminate aflatoxin toxicity. 
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Dosage of clay-based additives in animal feeds to prevent aflatoxin toxicity has 

varied substantially. Two-percent bentonite clay inclusion has been used in rainbow trout 

feed to reduce toxicity resulting from 20 ppb AFB1 exposure and significantly decreased 

liver cancer rates (Ellis et al., 2000). Hassan et al. (2010) concluded that Egyptian bentonite 

(EB) and montmorillonite (EM), which have the ability to bind tightly with AFB1 in the 

gastrointestinal tract of the fish decreases its bioavailability. Moreover, the two tested clays 

were safe and use as potential aflatoxin binder in animal feed. Taylor (2001) reported that 

classified of 21 commercially available sorbent about two-thirds as Montmorillonite and 

found that when the sorbent material in commercial mycotoxin- research binding products is 

clay minerals other than montmorillonite or zeolites rarely confirms its quality as aflatoxin 

adsorbents. 

Structural information is contained on various adsorbent minerals and noted the 

specificity of HSCAS for AFB1 adsorption. Mechanisms of adsorption on the surface 

HSCAS discussed and their indications that aflatoxins react close to more sites on the clay 

surface, especially in the intermediate layer. They postulated conceivable risk from dietary 

intake of smectites on the animal's health and explained the need to pay special attention to 

mineral interactions in susceptible animals (Phillips et al., 2002). Selim et al. (2013) 

conducted a trial to investigate the protective effect of three mycotoxin adsorbents, a 

hydrated sodium calcium aluminum silicates (HSCAS), Saccharomyces cerevisiae (SC) and 

an esterified glucomannan (EGM), to AFB1 contaminated feed (200 ppb) in Nile tilapia. The 

results of the study revealed that treatments having adsorbents along with AFB1 showed 

decreased AFB1 residues in fish muscle tissues when compared to alone AFB1 treated fish. 

HSCAS reduced AFB1 more efficiently as compared to S. C. and EGM. 

Montmorillonite can adsorb high concentrations of aflatoxins from aqueous solutions. 

Kannewischer (2006) described that smectite clay has been used in animal studies over the 

past 20 years to sorb and mitigate the toxic effects of aflatoxin B1 and thereby decrease its 

toxic effect on animals. In the similar study, Jaynes and Zartman (2011) concluded that 

aflatoxin toxicity can be reduced by the addition of by the addition of clays such as 

bentonites in the animal feeding trials. The results of the study showed that montmorillonite 

treated with choline and creatinine absorbed and reduced more AFB1 from the aqueous 

solution of corn flour as compared to untreated groups. 
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The bioaccumulation of aflatoxin B1 in the whole body of the fish was expressively 

increased fish groups fed contaminated diets with aflatoxin B1. Fish group treated with clay, 

ozone and coumarin reduces the residual aflatoxin, when compared with the control group. It 

could be recommended to use natural clay or ozone treatments tominimize the toxic effects 

of aflatoxin B1 contaminated diets (Ayyat et al., 2013). 

In some other studies it is reported that phyllosilicate clay, hydrated sodium calcium 

aluminosilicate (HSCAS), might be use to prevent against toxic effects of aflatoxins in 

several animals like chickens, poults, pigs, turkey and minks (Phillips et al., 1988; Phillips, 

1999). It is now proved by the results of several studies that the incorporation of HSCAS, 

montmorillonite or bentonite to the diets having aflatoxins can significantly decrease the bio-

availability of toxins in the digestive tract of animals due to the great adsorptive properties of 

these clays (Abdel-Wahhab et al., 2002, 2005; Mayura et al., 1998). In line of these 

conclusions Lindemann et al. (1993) proposed that 85% growth performance improved by 

the addition of 5mg/kg clay against AFB1 induced toxicity. The efficacies of another 

montmorillonite (Cu-MMT) have been proved beneficial for the growth of fish by the results 

of Hu et al. (2008).  

Chronic aflatoxin (AF) exposure has been reported to have adverse effects on 

nutritional status of many animal species. In poultry, aflatoxins have been noticed to 

expressively decrease nutrients like vitamin A (VA) in liver (Pimpukdee et al., 2004) and 

vitamin D in plasma (Glahn et al., 1991). Vitamin A deficiencies have been shown to 

compromised immune responses and ultimately increased disease risk in poultry (Aye et al., 

2000 a, b; Dalloul et al., 2002).  
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Chapter-3 

   MATERIALS AND METHODS                                                                  

         

The present study completed in three trials. Trial I and II conducted in glass aquaria at 

Fish Nutrition Lab and Aquaculture Research and Teaching Facility (ARTF), Department of 

Wildlife and Fisheries Sciences, Texas A&M University, College Station, TX, USA. Based 

on the results of Trial I, four most effective treatment combinations selected for field trial 

(trial III) in earthen ponds in semi-intensive culture conditions at Fisheries Research Farms, 

Department of Zoology, Wildlife and Fisheries, University of Agriculture, Faisalabad, 

Pakistan.  

 

Trial I: Alleviation of AFB1 toxicity by 4TX bentonite clay supplementation and its 

effect on health performance and immunity in Nile tilapia (Oreochromis niloticus). 

 

3.1. Experimental diets. A basal diet (control) formulated to contain 33.8 g of protein 100 

g− 1, 8.2 g of lipid 100g− 1, and an estimated 290 KCal of digestible energy 100g− 1. This diet 

satisfied or exceeded the known nutrient requirements of Nile tilapia (Table 3.1) (Lim and 

Webster, 2006). Prior to its addition, AFB1 dissolved in chloroform and further added to 

Celufil, a non-nutritive bulking agent (USB Corporation, Cleveland, OH). The chloroform 

then evaporated in the dark under a fume hood. All dry ingredients with the exception of the 

AFB1 mixed in a V-mixer for 20 minutes and then mixed with oil and 1 L of water in a 

Hobart mixer (Hobart Service, Troy, OH) for 1 h. Aflatoxin B1-spiked Celufil then 

thoroughly mixed into the respective diets to provide a concentration of 2.0 and 4.0 ppm, 

immediately before the addition of soybean oil and water. Aflatoxin B1-free Celufil will also 

be included in the diets without AFB1 for comparison. All feeds cold-pelleted through a 3-

mm die on a meat grinder attachment, and air-dried in the dark for 24 h. The diets were then 

be bagged and stored at -20 °C until further use. The ten experimental diets contained the 

following:  

(1) 0 mg AFB1+ 0% 4TX (Control), (2) 0 mg AFB1+0.5% 4TX WD, (3) 0 mg AFB1+1% 

4TX WD, (4) 0 mg AFB1+1% 4TX PM, (5) 2mg AFB1+0.5% 4TX WD, (6) 2mg AFB1+1%  
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Table 3.1. Diet formulation and proximate composition of experimental treatments (g/100 g                            

of dry weight) 

 

Ingredients/treatments T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 

Level of AFB1 (ppm)  0 0 0 0 2 2 2 4 4 4 

Level of 4TX (%)  0 0.5 1 1 0.5 1 1 0.5 1 1 

Menhaden meala  11 11 11 11 11 11 11 11 11 11 

Soybean mealb  46.68 46.68 46.68 46.68 46.68 46.68 46.68 46.68 46.68 46.68 

Dextrinized starchc  20.25 20.25 20.25 20.25 20.25 20.25 20.25 20.25 20.25 20.25 

Vitamin premixd  3 3 3 3 3 3 3 3 3 3 

Mineral premixc  4 4 4 4 4 4 4 4 4 4 

Carboxymethyl cellulosec  2 2 2 2 2 2 2 2 2 2 

Soy oile  4.64 4.64 4.64 4.64 4.64 4.64 4.64 4.64 4.64 4.64 

CaPO4, dibasicc  1 1 1 1 1 1 1 1 1 1 

Glycinef  1 1 1 1 1 1 1 1 1 1 

DL-methioninec  0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 

4TXg  0 0.5 0.5 1 0.5 0.5 1 0.5 0.5 1 

AFB1 (μg)h  0 0 0 0 200 200 200 400 400 400 

Celufilf  6.28 5.78 5.28 5.28 5.78 5.28 5.28 5.78 5.28 5.28 

 
          Proximate composition (g 

kg−1) 

          Protein  33.84 32.87 33.49 33.91 33.4 33.43 33.37 33.85 33.14 33.73 

Lipid  7.86 7.64 9.46 9.51 9.81 9.13 9.4 9.1 8.85 8.556 

Dry matter  91.36 92.04 91.66 92.5 91.97 92.34 92.57 92.5 92.5 93.51 

Ash 8.83 9.09 9.61 9.51 9.32 9.54 9.57 9.2 9.54 9.45 
a Omega Protein, Houston, TX. 

b Producers Cooperative Association, Bryan, TX. 

c MP Biomedicals LLC, Solon, OH. 

d Contains (as g kg−1): Ca(C6H10O6) 5H2O, 348.49; Ca(H2PO4)2 H2O, 136.0; FeSO4 7H2O, 5.0; MgSO4 

7H2O, 132.0; K2HPO4, 240.0; NaH2PO4 H2O, 88.0; NaCl, 45.0; AlCl3 6H2O, 0.15; KI, 0.15; CuSO4 5H2O, 

0.5; MnSO4 H2O, 0.7; CoCl2 6H2O, 1.0; ZnSO4 7H2O, 3.0; Na2SeO3, 0.011. 

e Crisco, Orrville, OH. 

f USB Corporation, Cleveland, OH. 

g Department of Soil and Crop Sciences, Texas A&M University. 

h Sigma-Aldrich, St. Louis, MO. 
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4TX WD, (7) 2mg AFB1+1% 4TX PM, (8) 4mg AFB1+0.5% 4TX WD, (9) 4mg AFB1+1% 

4TX WD, (10) 4mg AFB1+1% 4TX PM.  

3.1.1. Fish stock and culture conditions. Juvenile tilapia purchased from a local hatchery. 

Fish conditioned in round tanks and then in the aquaria with a commercial diet (Rangen, Inc. 

Angelton, TX) for a period of 2 weeks, followed by 1 week on the control diet prior to the 

start of the trial. The feeding trial conducted in a closed, recirculating 110-L aquaria system, 

where salinity and temperature maintained at 5 ppt and 37 °C, respectively. Water flow set at 

a rate of 1 L min− 1 and aeration provided a dissolved oxygen level of at least 80% air 

saturation. The fish exposed to a diurnal light:dark cycle of 12:12 h. Ammonia, nitrate, and 

nitrite kept below toxic levels by the use of biofiltration. The ten treatments randomly 

assigned to triplicate aquaria. Twelve fish of similar size (average initial weight approx. 

5g/fish) stocked into each of 30 aquaria. The fish fed twice daily their assigned diet at 

8:00 AM and 4:00 PM over the course of 10 weeks. Each diet fed to the fish at a rate of 5% 

of initial body weight and adjusted over the course of the trial to 4% in order to minimize 

overfeeding and maintain a feeding rate close to satiation. Fish in each tank group-weighed 

weekly to adjust feeding rates. Mortalities and abnormalities monitored and recorded on a 

daily basis. 

3.1.2. Fish responses. At the end of the trial, weight gain (% of initial weight), feed 

efficiency (g weight gain/g dry diet fed), survival (100× (final # of fish)/initial # of fish) and 

protein retention efficiency ({[(final bodyweight (g) × final body protein (%)) − (initial body 

weight (g) × initial body protein (%))]}/ (protein intake (g) × 100) measurements were 

calculated. Additionally, three fish were sampled from each of the 30 aquaria at the end of 

the feeding trial and each separately homogenized in a blender. Moisture, ash, protein and 

lipid analysis of whole-body samples were completed according to established procedures 

(Webb and Gatlin, 2003). Organ to whole-body weight somatic indices were calculated for 

liver (HSI), intraperitoneal fat (IPF), and fillet and averaged based on three fish per tank 

(Nine per treatment) using the formula: Somatic Index=(organ weight/body weight)*100. 

Fish were hand filleted by one individual to maintain consistency. The fillets were skinned 

and any remaining pin bones were manually removed. The dextral side of each fish was 

filleted and weighed. The fillet weight was then doubled for each fish and the somatic index 

was calculated. 
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3.2. PROXIMATE ANALYSIS OF DIETS AND FISH TISSUE 

 

3.2.1. Moisture 

Accurately weigh approximately 2.0 g of homogenized sample in a dried, pre weighed 

porcelain crucible.  Dry samples at 125 0C for 3 hr.  Allow crucible to cool in desiccator 

weigh. 

 

% Moisture = wet weight-dry weight/ wet weight x 100 

                           

% Dry matter = dry weight/ wet weight x 100 

                      

3.2.2. Ash 

Place sample from moisture determination in muffle furnace at 650 C for 3 hr. 

 

% Ash = ash weight/ dry weight x 100 

             

PROXIMATE ANALYSIS OF FISH TISSUE 

References: Folch et al., 1957. J. Biol. Chem., 226:497-507. 

3.2.3. Lipid 

Reagents: 

Chloroform/methanol - 2:1 v:v   

Upper phase - chloroform: methanol: water 3:48:47 

1) Accurately weigh approximately 2.0 g of tissue and homogenize in 20 ml of 

chloroform/methanol with a Polytron homogenizer for 3 min. 

2) Filter homogenate through sintered glass filter into glass-stoppered graduated cylinder. 

3) Remove residue and reextract in Polytron with 14 ml chloroform/methanol. 

4) Filter through sintered glass filter into graduated cylinder and make volume up to 40 ml. 

5) Add 8 ml distilled water to cylinder, stopper and mix. 

6) Flush with nitrogen and store in a refrigerator (dark) overnight to allow phases to separate. 

7) Remove upper phase with a pipette and wash lower phase with fresh upper phase three 

times by gently allowing it to flow down the side of the cylinder.   
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8) Add a minimum amount of methanol to make one phase. 

9) Make volume up to 30 ml with chloroform and transfer contents to a teflon-coated screw 

cap test tube with approximately 0.5 g sodium sulfate. 

10) Take a 10 ml aliquot and transfer to a dried and weighed conical-shaped tube.  Evaporate 

chloroform in N-Evap, dry tube and weight. 

11) Flush remaining sample with nitrogen and store in freezer for fatty acid analysis. 

 

% lipid = weight of 10 ml aliquot (30 ml)/ 10 ml sample weight x 100 

                              

 

3.2.4. Crude Protein Analysis. 

(LECO Protein Analyzer) 

Fish Nutrition Lab 

Department of Wildlife and Fisheries Sciences 

 

Reference: Dumas protocol (AOAC, 2005) 

Materials 

EDTA calibration sample (LECO 502-092) 

Tin foil cups (LECO 502-186-100) 

 

Procedure 

Weighing Samples* 

- Weigh approximately 0.1g of sample or EDTA (standard) using a tin foil cup. 

- Wrap foil cup around sample making a round shape; sample needs to fit analyzer holder. 

- Use sample holder to transport samples to analyzer. 

Analysis 

1. Open valves of the three gas tanks (Oxygen, helium and compressed air), and leave 

on around ~20 minutes before starting to run samples. 

2. Run blanks until crude protein values reach zero or below (~10). 

3. Run at least 4 standards, calibrate machine to crude protein values obtained. 

4. Run unknown samples. 

5. IMPORTANT: Close valves. 

 

* Never handle foil cups without gloves. 

Note: analyzer crucible needs to be change around every 400 samples, be cautious to do this 

in case the machine asks for it. 
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3.3. Immunological measurements. Extracellular superoxide anion production measured in 

head-kidney macrophages using the method described in Secombes (1990) and modified by 

Sealey and Gatlin, (2002) using three fish per aquaria (9 per treatment). Oxidative radical 

production in whole blood neutrophils determined using a nitro blue tetrazolium (NBT) assay 

(Li and Gatlin, 2003 and Siwicki et al., 1994). Two fish from each tank (6 fish per treatment) 

euthanized and 1 mL of blood drawn from each fish using 1 mL pre-treated heparinized 

syringes. Plasma lysozyme concentration analyzed from two fish per tank (6 per treatment) 

using a turbidimetric method as previously published (Jorgensen et al., 1993 and Li and 

Gatlin, 2003).  

3.4. HPLC analysis of AFB1 in fish feed. In order to confirm targeted levels and 

demonstrate the binding capacity of 4TX, AFB1 was extracted from each diet with slight 

modifications from previously established methodology (AOAC International, 1995; 2001). 

Briefly, three samples totaling 50 g of diet were pooled according to treatment. A 250 mL 

solution of 70/30% (v/v) methanol/ water was blended with the 50 g diet samples. The 

sample was then filtered using medium filter paper (VWR, Atlanta, GA), and the filtrate was 

collected into a clean plastic centrifuge tube, and capped tightly. One gram of NaCl and 20 

mL HPLC water (VWR) were added to each sample, followed by thorough vortexing. The 

solution was then filtered through a microfiber filter (VWR). Filtered extract (6 mL) was 

pipetted into a plastic syringe barrel reservoir and pushed through a Vicam Aflatest P column 

(Vicam, Milford, MA) at a rate of 2 drops/s. Deionized water (10 mL) was added to the 

syringe barrel and pushed through at a rate of 2 drops/s. The column was rinsed once more 

with 10 mL of water. Aflatoxin B1 was eluted from the column into a glass tube with 1.0 mL 

of methanol. The solution was filtered through a 0.45-μm syringe filter (VWR). Using a 

mobile phase of 3:1:1 water: acetonitrile: methanol, the samples were then injected into the 

HPLC equipped with a Waters Spherisorb® 5 μm4.6×150 mm column and 2475 

Fluorescence Detector (Waters, Milford, MA). Quantification of AFB1 was achieved using 

the Breeze Software (Waters Milford, MA).  

3.5. HPLC analysis of AFB1 in fish musculature. Muscle samples from three fish/tank 

(about 30g) of the same group were pooled and thoroughly homogenized in a mortar. 

Aflatoxin B1 was extracted, filtrated and quantitatively analyzed by HPLC (AOAC, 2000) 

with a reverse phase column. The mobile phase consisted of 45 % methanol and was pumped 
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through the system at a flow rate of 1 ml/min. The column temperature was set to 40 °C, and 

analytes were detected using a fluorescence detector. Aflatoxin standards were purchased 

from Sigma-Aldrich (USA). 

3.6. Histology. Upon termination of the trial, livers from six fish per treatment (two per tank) 

dissected and stored in Davidson's solution. Within 24 h, the livers rinsed with 70% ethanol 

and transferred to vials containing 10 mL fresh 70% ethanol, until further histological 

processing. Samples embedded in paraffin and sectioned at 5 μm. The samples further 

mounted on glass slides and stained with hematoxylin and eosin. Slides blind-examined 

under a light microscope for histopathological changes. Lesions examined including cellular 

pleomorphism, nuclear pleomorphism, dysplasia, hydropic degeneration, fatty degeneration, 

necrosis, leukocyte infiltration and inclusion bodies and will be graded on a scale of 0 to 4 

for each slide, 0 = no pathological changed apparent, 1 = mild, 2 = moderate, 3 = moderate to 

severe, and 4 = severe lesions. All lesions from each slide then averaged for an overall liver 

histopathological score per fish. 

3.7. Water quality parameters. Dissolved oxygen (mg/L) and temperature (C⁰) were 

monitored daily while ammonia (Mg/1N NH3), nitrite (Mg/1N NO2 
–L), Salinity (Ppt), pH 

were monitored weekly during the course of experimental period. 

3.8. Statistical analysis. The Statistical Analysis System (SAS) version 9.2 (SAS 

Institute Inc., Cary, NC) used to compute all statistics. All parameters subjected to a two-way 

ANOVA. Specific differences among treatments and a comparison of means further analyzed 

using Tuckey’s HSD test. Treatment effects considered significant at P ≤ 0.05. 

 

Trial II: Examine the effects of 4TX clay supplements on nutrient digestibility of tilapia 

  

3.9. Fish. Three batches of Nile tilapia were obtained in different time periods from the Sea 

Center Texas Marine Aquarium, Fish Hatchery and Nature Center operated by Texas Parks 

and Wildlife Department in Lake Jackson, TX, and transported to the Aquacultural Research 

and Teaching Facility of Texas A&M University. Fish were maintained in quarantine for 4 

weeks acclimating to local conditions until adequate size for the digestibility trial was 

attained. Over this period, tilapia were fed at a rate approaching apparent satiation with a 

34% crude protein (CP) and 8% crude fat commercial diet (Rangen, Inc., Angleton, TX). 
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3.9.1. Experimental diets. A digestibility trial was conducted to determine the apparent 

digestibility coefficient (ADC) of dry matter, ash, crude protein, lipid, and amino acids in 

tilapia. The ingredient composition and proximate composition was presented in Table 2. An 

indirect method was utilized for the determination of digestibility coefficients and yttrium 

oxide (Y2O3) 0.1% was used as the non-digestible marker. A basal diet (control) formulated 

to contain 33.8 g of protein 100 g− 1, 8.2 g of lipid 100g− 1, and an estimated 290 KCal of 

digestible energy 100g− 1. This diet satisfied or exceeded the known nutrient requirements of 

Nile tilapia (Table 3.1) (Lim and Webster, 2006). The three experimental diets were prepared 

from the basal mixture and supplemented with either 0% 4TX (Control), 0.5% 4TX and 1.0% 

4TX (Table 2). All diets were pressure pelleted through a 5-mm die using a meat grinder and 

then air dried at 25 C and stored at -20 C until fed (Webb and Gatlin, 2003). Resulting diets 

were blended with water using a secondary industrial mixer with a meat grinder attachment 

and pelleted with a 5-mm die. After drying under forced air for 24 h at 25 °C, pelleted diets 

were stored at-20 °C until fed. The analyzed yttrium oxide level of the test diets was 740, 770 

and 730 ug/g, respectively.  

3.9.2. Nile tilapia Culture and Fecal Collection. Nile tilapia (120± 4.7 g/ fish, mean ± SE) 

were stocked (20 fish/tank) into a recirculating system consisting of nine 110-L aquaria. The 

system was operated as a closed recirculating system with a common corrugated-plate 

settling chamber and a common biological filter (Rawles and Gatlin, 2000). Water flow rate 

was maintained at approximately 5-7 L/min. Salinity was maintained at 0.45 ppt using a 

commercial seawater mixture (Fritz Chemical Co., Dallas, TX, USA and well water. Water 

temperature was controlled by conditioning the ambient air in the building and remained at 

26.6±1 C. Water quality (dissolved oxygen, ammonia, and nitrite) was measured weekly to 

ensure optimum environmental conditions. 

All the experimental diets were randomly assigned to nine tanks (3 tanks/treatment). 

Fish were fed to apparent satiation twice daily. Feeding began 4 d prior to the first fecal 

collection. Fecal samples were collected 4 h post feeding by the stripping technique 

(Austreng, 1978; Gaylord and Gatlin, 1996) every day for one month, pooled per tank, dried 

at 60 C overnight and stored in a refrigerator for analysis. 

3.10. Proximate Composition. Proximate composition of diets and fecal samples analyzed 

by following the same protocol as described in Trial I.  
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Table 3.2. Diet formulation and proximate composition of experimental treatments (g/100 g 

of dry weight) 

 

Ingridients (g/100g dry weight) 0% 4TX (Control) 0.5% 4TX 1.0% 4TX 

Menhaden meala  11.00 11.00 11.00 

Soybean mealb  46.68 46.68 46.68 

Dextrinized starchc  20.25 20.25 20.25 

Vitamin premixd  3.00 3.00 3.00 

Mineral premixc  4.00 4.00 4.00 

Carboxymethyl cellulosec  2.00 2.00 2.00 

Soy oile  4.64 4.64 4.64 

CaPO4, dibasicc  1.00 1.00 1.00 

Glycinef  1.00 1.00 1.00 

DL-methioninec  0.15 0.15 0.15 

4TXg  0.00 0.50 1.00 

Yttrium III Oxide 0.10 0.10 0.10 

Celufilf  6.18 5.68 5.18 

    

Proximate composition (g kg−1)    

Protein  31.82 30.27 30.63 

Lipid  9.88 9.76 9.74 

Dry matter  89.70 89.85 89.70 

Ash 8.13 8.67 8.99 

Analyzed amino acid composition (g/100g) 

   Arg 1.63 2.19 1.98 

His 0.69 0.90 0.84 

Thr 0.98 1.33 1.21 

Lys 1.58 2.23 2.04 

Tyr 0.74 1.00 0.87 

Met 0.39 0.60 0.18 

Val 1.31 1.70 1.54 

Ile 1.17 1.58 1.45 

Leu 1.91 2.60 2.36 

Phe 1.28 1.64 1.49 

a Omega Protein, Houston, TX. 

b Producers Cooperative Association, Bryan, TX. 

c MP Biomedicals LLC, Solon, OH. 

d Contains (as g kg−1): Ca(C6H10O6) 5H2O, 348.49; Ca(H2PO4)2 H2O, 136.0; FeSO4 7H2O, 5.0; MgSO4 

7H2O, 132.0; K2HPO4, 240.0; NaH2PO4 H2O, 88.0; NaCl, 45.0; AlCl3 6H2O, 0.15; KI, 0.15; CuSO4 5H2O, 

0.5; MnSO4 H2O, 0.7; CoCl2 6H2O, 1.0; ZnSO4 7H2O, 3.0; Na2SeO3, 0.011. 

e Crisco, Orrville, OH. 

f USB Corporation, Cleveland, OH. 

g Department of Soil and Crop Sciences, Texas A&M University. 

h Sigma-Aldrich, St. Louis, MO. 
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3.11. UPLC determination of amino acids. Quantification of plasma-free AAs was done 

with the use of UPLC analysis in an Acquity UPLC system with integrated TUV detector and 

MassTrak AAA Solutions Kit (Waters Corporation). All samples were de-proteinized with 

1.5 mol/L HClO4 (9552–05; JT Baker), neutralized with 2 mol/L K2CO3 (P5833; Sigma 

Chemical), and centrifuged at 12,000 3 g for 5 min. Supernatant fluid was filtered through 

0.2-mm polycarbonate syringe filters before derivatization (Pohlenz et al., 2012). 

 

3.12. Digestibility Estimation and Statistical Analysis 

The digestibility coefficients (DCs) for dry matter, ash, lipids, protein and amino 

acids were computed using the following formula:  

Digestibility Coefficients = 100 - (100 3 % indicator in feed/% indicator in feces) X (% 

nutrient in feces/% nutrient in feed). 

Data from all trials were subjected to ANOVA and Tukey’s multiple- range test by SPSS- 

(SPSS Inc., Chicago, IL, USA). Differences in treatment means were considered significant 

at P ≤ 0.05. 

 

Trial III. Evaluation of 4TX supplements on growth performance of Nile tilapia in 

semi-intensive culture conditions fed AFB1 contaminated diets. 

 

3.13. Experimental design. The trial III was conducted in earthen ponds at Fisheries 

Research Farms, University of Agriculture, Faisalabad for 10 weeks. The experiments were 

designed, following completely randomized design.  

3.14. Experimental fish and stocking density.  Nile tilapia (Average weight 10±2 g) was 

used as experimental animals. Fish were collected from the local fish hatchery and farm, and 

were randomly stocked at 12 fish/pond in monoculture. All the fish were weighed and 

measured individually before initiation of feeding trial.  

3.15. Procurement of ingredients, feed formulation and preparation  

Present trial has the same ingredient and diet composition as used in trial I.  
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3.16. Feeding protocol  

The fish were fed twice a day at 5% body weight by dusting method at 8:30 to 9:00 and 

16:30 to 17:00 h. Feeding rate was adjusted after every 2 weeks with fish growth increments. 

3.17. Growth and proximate analysis 

Fish growth evaluated in terms of % weight gain, feed efficiency and % survival and 

proximate analysis estimated by following the same procedures as adopted in trial I.  
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Chapter-4  

             RESULTS  

Trial I 

4.1 Growth performance 

Growth performance was evaluated in terms of % weight gain, feed efficiency and % 

survival of tilapia fed different levels of AFB1 and 4TX clay supplemented diets. 

4.1.1 Weight gain: Analysis of variance showed that there was a significant difference 

(p<0.05) observed in % weight gain in all the treatments. The results were highly significant 

(p<0.01) when compared control (T1) with other treatments (T2-T10). AFB1 have significant 

effect (p<0.05) on weight gain in all the treatments while 4TX clay and the interaction 

between AFB1 and 4TX clay differs non-significantly among all the treatments (Tab 4.1). By 

comparing mean values of % weight gain between different formulated dietary groups by 

Tukey’s HSD test it was found that growth was significantly higher in control group 

(975.5±29.2) and minimum in T8 group (661.5±63.4) (Tab 4.1a).  

Regardless the inclusion of 4TX clay in the diets, the AFB1 has overall negative 

effect on the weight gain of fish. Maximum weight gain was observed in 0 mg AFB1 group 

(838.23±28.87) and minimum in 4mg AFB1 inclusion group (693.92±34.63). Comparing the 

efficacy of 4TX clay both in WD and PM, the maximum growth was observed in 1% 4TX 

PM group (774.89±38.79) and minimum in 1% 4TX WD group (752.58± 38.63) regardless 

in the inclusion of AFB1 in the diets (Tab 4.1.1). Mean weight gain in all the treatments with 

comparison of control group is shown in Fig 4.1. 

4.1.2 Feed efficiency: Analysis of variance showed that there was a highly significant 

difference (p<0.01) observed in feed efficiency in all the treatment groups. The results were 

highly significant (p<0.01) when compared control (T1) with other treatments (T2-T10). AFB1 

have significant effect (p<0.05) on feed efficiency in all the treatments while 4TX clay and 

the interaction between AFB1 and 4TX clay differs un-significantly among all the treatments 

(Tab 4.1). By comparing mean values of feed efficiency between different formulated dietary 

groups by Tukey’s HSD test it was found that feed efficiency was significantly higher in 

control group (0.737±0.009) and minimum in T8 group (0.583±0.013) (Tab 4.1a). 
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Regardless the inclusion of 4TX clay in the diets, the AFB1 has overall negative 

effect on the feed efficiency of fish. Maximum value was observed in 0 mg AFB1 group 

(0.672±0.012) and minimum in 4mg AFB1 inclusion group (0.614±0.011). Comparing the 

efficacy of 4TX clay both in WD and PM, the maximum growth was observed in 1% 4TX 

PM group (0.657±0.013) while 0.5% and 1% inclusion level of have almost the same values 

(Tab 4.1.2). Mean feed efficiency in all the treatments with comparison of control group is 

shown in Fig 4.2. 

4.1.3 Survival: Analysis of variance showed that there was a non-significant difference 

(p<0.05) observed in % survival in all the treatments (Tab 4.1). By comparing mean values 

of % survival between different formulated dietary groups by Tukey’s HSD test it was found 

that treatment group 5 and 10 showed 100% survival while minimum survival was observed 

in T3 group (91.67±0.00) (Tab 4.1a). 

Regardless the inclusion of 4TX clay in the diets, the AFB1 has not overall negative 

effect on the survival of fish. Maximum survival was observed in 4 mg AFB1 group 

(98.15±1.22) and minimum in 0 mg AFB1 inclusion group (93.52±1.85). Comparing the 

efficacy of 4TX clay both in WD and PM, the minimum survival was observed in 1% 4TX 

WD group (94.45±1.39) while 0.5% and 1% PM inclusion level of 4TX have almost the 

same values (Tab 4.1.3). Mean survival in all the treatments with comparison of control 

group is shown in Fig 4.3. 
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Table 4.1: Analysis of variance table (mean squares) for growth parameters of tilapia 

Source of variation 
Degrees of 

freedom 

Mean squares 

Weight Gain % Feed Efficiency % Survival 

Treatment         9 30417.1* 0.00646** 21.591NS 

C vs others         1 125178.0** 0.02504** 9.248NS 

4TX         2 1454.5NS 0.00179NS 23.121NS 

AFB1                  2 47785.5* 0.00775* 53.997NS 

4TX x AFB1         4 12524.0NS 0.00350NS 7.710NS 

Error               20 10231.4 0.00181 23.141 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

29 

Tab 4.1a: Comparison of means for Growth Performance by HSD test. 

Treatments Weight Gain % Feed Efficiency % Survival 

0 mg AFB1+ 0% 4TX 975.5±29.2A 0.737±0.009A 94.45±2.78A 

0 mg AFB1+0.5% 4TX WD 890.2±45.1AB 0.690±0.020AB 94.45±2.78A 

0 mg AFB1+1% 4TX WD 842.4±69.3AB 0.677±0.027AB 91.67±0.00A 

0 mg AFB1+1% 4TX PM 782.0±15.3AB 0.650±0.012AB 94.44±5.56A 

2mg AFB1+0.5% 4TX WD 707.9±29.8AB 0.623±0.017AB 100.00±0.00A 

2mg AFB1+1% 4TX WD 706.7±66.4AB 0.600±0.050B 94.45±2.78A 

2mg AFB1+1% 4TX PM 831.0±85.3AB 0.680±0.035AB 97.22±2.78A 

4mg AFB1+0.5% 4TX WD 661.5±63.4B 0.583±0.013B 97.22±2.78A 

4mg AFB1+1% 4TX WD 708.6±51.4AB 0.620±0.015AB 97.22±2.78A 

4mg AFB1+1% 4TX PM 711.7±83.3AB 0.640±0.015AB 100.00±0.00A 

Means sharing similar letter in a column are statistically non-significant (P>0.05). 
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Table 4.1.1. 4TX x AFB1 interaction means ± SE for Weight Gain %. 

AFB1  

4TX clay 

Mean 

0.5% 4TX WD 1% 4TX WD 1% 4TX PM 

0 mg 890.24 ± 45.07 842.43 ± 69.28 782.03 ± 15.27 838.23 ± 28.87A 

2 mg 707.86 ± 29.85 706.68 ± 66.43 830.96 ± 85.34 748.50 ± 38.39AB 

4 mg 661.45 ± 63.35 708.62 ± 51.39 711.69 ± 83.33 693.92 ± 34.63B 

Mean 753.18 ± 42.39A 752.58 ± 38.63A 774.89 ± 38.79A    

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  
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Fig. 4. 1. Mean % weight gain in tilapia fed AFB1 and 4TX supplemented diets ± SE 
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Table 4.1.2. 4TX x AFB1 interaction means ± SE for Feed Efficiency. 

AFB1  

4TX clay 

Mean 

0.5% 4TX WD 1% 4TX WD 1% 4TX PM 

0 mg 0.690 ± 0.020 0.677 ± 0.027 0.650 ± 0.012 0.672 ± 0.012A 

2 mg 0.623 ± 0.017 0.600 ± 0.050 0.680 ± 0.035 0.634 ± 0.022AB 

4 mg 0.583 ± 0.013 0.620 ± 0.015 0.640 ± 0.015 0.614 ± 0.011B 

Mean 0.632 ± 0.018A 0.632 ± 0.021A 0.657 ± 0.013A    

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  

 

 

 

Table 4.1.3. 4TX x AFB1 interaction means ± SE for % Survival. 

AFB1  

4TX clay 

Mean 

0.5% 4TX WD 1% 4TX WD 1% 4TX PM 

0 mg 94.45 ± 2.78 91.67 ± 0.00 94.44 ± 5.56 93.52 ± 1.85A 

2 mg 100.00 ± 0.00 94.45 ± 2.78 97.22 ± 2.78 97.22 ± 1.39A 

4 mg 97.22 ± 2.78 97.22 ± 2.78 100.00 ± 0.00 98.15 ± 1.22A 

Mean 97.22 ± 1.39A 94.45 ± 1.39A 97.22 ± 1.96A    

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  

 

 

 

 



 

 

33 

 

 

 

Fig. 4.2. Mean feed efficiency in tilapia fed AFB1 and 4TX supplemented diets ± SE 
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Fig. 4.3. Mean % survival in tilapia fed AFB1 and 4TX supplemented diets ± SE 
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4.2 Organo-somatic Indices 

Organo-somatic indices were calculated in terms of Liver (HSI), intraperitoneal fat 

(IPF) and muscle tissues.  

4.2.1: Liver (HSI): Analysis of variance showed that there observed a highly significant 

difference (p<0.01) in HSI values in all the treatments. The results were also highly 

significant (p<0.01) when compared control (T1) with other treatments (T2-T10). AFB1 have 

highly significant effect (p<0.01) on HSI in all the treatments while 4TX clay differs non-

significantly among all the treatments (Tab 4.2). By comparing mean values of HSI between 

different formulated dietary groups by Tukey’s HSD test it was found that HSI value 

significantly higher in T4 (2.61±0.05) and minimum in T5 group (1.33±0.04) (Tab 4.2a). 

Regardless the inclusion of 4TX clay in the diets, the AFB1 has overall negative 

effect on the HSI values of fish. Maximum value was observed in 0 mg AFB1 group 

(2.28±0.11) and minimum in 2mg AFB1 inclusion group (1.38±0.03). Comparing the 

efficacy of 4TX clay both in WD and PM, the maximum HSI value was observed in 1% 4TX 

PM group (1.79±0.21) and minimum in 0.5% 4TX WD group (1.65± 0.13) regardless in the 

inclusion of AFB1 in the diets (Tab 4.2.1). Mean HSI values in all the treatments with 

comparison of control group are shown in Fig 4.4. 

4.2.2: Intraperitoneal fat (IPF): Analysis of variance showed that there observed a 

significant difference (p<0.05) in IPF values in all the treatments. The results were non-

significant (p<0.05) when compared control (T1) with other treatments (T2-T10). Individually, 

AFB1 and 4TX both have non- significant effect (p<0.05) on IPF in all the treatments while 

their interaction are highly significantly affect (Tab 4.2). By comparing mean values of IPF 

between different formulated dietary groups by Tukey’s HSD test it was found that IPF value 

significantly higher in T2 (0.73±0.06) and minimum in T5 group (0.32±0.07) (Tab 4.2a). 

Regardless the inclusion of 4TX clay in the diets, the AFB1 has overall negative 

effect on the IPF values of tilapia. Maximum value was observed in Control group 

(0.563±0.066) and minimum in 4mg AFB1 inclusion group (0.399±0.045). Comparing the 

efficacy of 4TX clay both in WD and PM, the maximum IPF value was observed in 1% 4TX 

PM group (0.526±0.055) and minimum in 1% 4TX WD group (0.423± 0.059) regardless in 
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the inclusion of AFB1 in the diets (Tab 4.2.2). Mean IPF values in all the treatments with 

comparison of control group are shown in Fig 4.5. 

4.2.3: Muscle tissues: Analysis of variance showed that there observed a non-significant 

difference (p<0.05) in muscle tissues in all the treatments (Tab 4.2). By comparing mean 

values of muscle between different formulated dietary groups by Tukey’s HSD test it was 

found that muscle values differ non-significantly ranging from (33.65±0.20) in T7 to 

(29.46±0.55 in T3 (Tab 4.2a). 

Regardless the inclusion of 4TX clay in the diets, the AFB1 has non-significant effect 

on the muscle values of tilapia. Maximum value was observed in 2mg AFB1 group 

(32.28±0.82) and minimum in 4mg AFB1 group (0.399±0.045). Comparing the efficacy of 

4TX clay both in WD and PM, the maximum muscle value was observed in 0.5% 4TX PM 

group (31.76±0.70) and minimum in 1% 4TX WD group (30.51± 0.64) regardless in the 

inclusion of AFB1 in the diets (Tab 4.2.3). Mean IPF values in all the treatments with 

comparison of control group are shown in Fig 4.6. 
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Table 4.2: Analysis of variance table (mean squares) for Somatic Indices of tilapia 

Source of variation 
Degrees of 

freedom 

Mean squares 

Liver IPF Muscle 

Treatment         9 0.6620** 0.06262* 5.1683NS 

C vs others              1 0.7917** 0.00747NS 1.0666NS 

4TX              2 0.0529NS 0.02388NS 3.5403NS 

AFB1                       2 2.2972** 0.06375NS 8.3725NS 

4TX x AFB1              4 0.1166* 0.09521** 5.4057NS 

Error              20 0.0306 0.01943 3.4351 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 
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Table 4.2a. Comparison of means for Somatic Indices by HSD test. 

Treatments Liver IPF Muscle 

0 mg AFB1+ 0% 4TX 2.24±0.09AB 0.52±0.02AB 30.53±0.94A 

0 mg AFB1+0.5% 4TX WD 2.07±0.20B 0.73±0.06A 32.64±0.38A 

0 mg AFB1+1% 4TX WD 2.18±0.15AB 0.45±0.14AB 29.46±0.55A 

0 mg AFB1+1% 4TX PM 2.61±0.05A 0.51±0.08AB 29.70±0.49A 

2mg AFB1+0.5% 4TX WD 1.33±0.04C 0.32±0.07B 31.97±1.77A 

2mg AFB1+1% 4TX WD 1.43±0.07C 0.34±0.09AB 31.20±1.84A 

2mg AFB1+1% 4TX PM 1.40±0.04C 0.69±0.06AB 33.65±0.20A 

4mg AFB1+0.5% 4TX WD 1.56±0.04C 0.34±0.10AB 30.65±1.24A 

4mg AFB1+1% 4TX WD 1.38±0.13C 0.48±0.10AB 30.86±0.67A 

4mg AFB1+1% 4TX PM 1.37±0.02C 0.37±0.02AB 30.32±1.15A 

Means sharing similar letter in a column are statistically non-significant (P>0.05). 
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Fig. 4.4. Mean liver index in tilapia fed AFB1 and 4TX supplemented diets ± SE 
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Table 4.2.1. 4TX x AFB1 interactions mean ± SE for Liver. 

AFB1 

4TX clay 

Mean 

0.5% 4TX WD 1% 4TX WD 1% 4TX PM 

0 mg 2.07 ± 0.20b 2.18 ± 0.15b 2.61 ± 0.05a 2.28 ± 0.11A 

2 mg 1.33 ± 0.04c 1.43 ± 0.07c 1.40 ± 0.04c 1.38 ± 0.03B 

4 mg 1.56 ± 0.04c 1.38 ± 0.13c 1.37 ± 0.02c 1.44 ± 0.05B 

Mean 1.65 ± 0.13A 1.66 ± 0.14A 1.79 ± 0.21A    

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 

Small letters represent comparison among interaction means and capital letters are used for 

overall mean. 

 

 

Table 4.2.2. 4TX x AFB1 interaction means ± SE for IPF. 

AFB1  

4TX clay 

Mean 

0.5% 4TX WD 1% 4TX WD 1% 4TX PM 

0 mg 0.730 ± 0.064 0.450 ± 0.138 0.510 ± 0.081 0.563 ± 0.066A 

2 mg 0.317 ± 0.067 0.340 ± 0.087 0.693 ± 0.058 0.450 ± 0.071A 

4 mg 0.343 ± 0.095 0.480 ± 0.096 0.373 ± 0.023 0.399 ± 0.045A 

Mean 0.463 ± 0.077A 0.423 ± 0.059A 0.526 ± 0.055A    

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 

Small letters represent comparison among interaction means and capital letters are used for 

overall mean. 
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Table 4.2.3. 4TX x AFB1 interaction means ± SE for Muscle. 

AFB1  

4TX clay 

Mean 

0.5% 4TX WD 1% 4TX WD 1% 4TX PM 

0 mg 32.64 ± 0.38 29.46 ± 0.55 29.70 ± 0.49 30.60 ± 0.56A 

2 mg 31.97 ± 1.77 31.20 ± 1.84 33.65 ± 0.20 32.28 ± 0.82A 

4 mg 30.65 ± 1.24 30.86 ± 0.67 30.32 ± 1.15 30.61 ± 0.53A 

Mean 31.76 ± 0.70A 30.51 ± 0.64A 31.22 ± 0.71A    

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  
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Fig. 4.5. Mean IPF index in tilapia fed AFB1 and 4TX supplemented diets ± SE 
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Fig. 4.6. Mean muscle index in tilapia fed AFB1 and 4TX supplemented diets ± SE 
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4.3. Proximate composition 

Proximate composition was estimated in terms of Dry matter, Moisture, Ash, Crude 

protein and Lipids. 

4.3.1: % Dry matter: Analysis of variance showed that there was a non-significant 

difference (p<0.05) observed in % dry matter in all the treatments. Dietary levels of AFB1 

alone have significant effect (p<0.05) on dry matter (Tab 4.3). By comparing mean values of 

% weight gain between different formulated dietary groups by Tukey’s HSD test it was 

found that dry matter was higher in T3 group (27.09±0.51) and minimum in T8 group 

(24.41±0.64) (Tab 4.3a). 

Regardless the inclusion of 4TX clay in the diets, the AFB1 has overall negative 

effect on the dry matter of fish. Maximum dry matter was observed in Control group 

(26.19±0.31) and minimum in 4mg AFB1 inclusion group (24.73±0.47). Comparing the 

efficacy of 4TX clay both in WD and PM, there was no significant difference in all the 4TX 

clay levels regardless in the inclusion of AFB1 in the diets (Tab 4.3.1). Mean dry matter in all 

the treatments with comparison to control group is shown in Fig 4.7. 

4.3.2: % Moisture: Analysis of variance showed that there was a non-significant difference 

(p<0.05) observed in % moisture levels in all the treatments (Tab 4.3). By comparing mean 

values of % weight gain between different formulated dietary groups by Tukey’s HSD test it 

was found that moisture was higher in T9 group (75.23±1.04) and minimum in control group 

(74.06±0.66) (Tab 4.3a). 

Regardless the inclusion of 4TX clay in the diets, the AFB1 has overall negative 

effect on the moisture contents of fish. Maximum moisture was observed in 4mg AFB1 group 

(75.27±0.47) and minimum in control group (73.81±0.31). Comparing the efficacy of 4TX 

clay both in WD and PM, there was no significant difference in all the 4TX clay levels 

regardless in the inclusion of AFB1 in the diets (Tab 4.3.2). Mean moisture contents in all the 

treatments with comparison of control group are shown in Fig 4.8. 

4.3.3: % Ash: Analysis of variance showed that there was a non-significant difference 

(p<0.05) observed in % moisture levels in all the treatments (Tab 4.3). By comparing mean 

values of % weight gain between different formulated dietary groups by Tukey’s HSD test it 
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was found that ash was higher in control group (4.94±0.67) and minimum in T10 (4.12±0.35) 

(Tab 4.3a). 

Regardless the inclusion of 4TX clay in the diets, the AFB1 has overall negative 

effect on the % ash contents of fish. Maximum ash was observed in 0mg AFB1 group 

(4.76±0.19) and minimum in 4mg AFB1 group (4.41±0.18). Comparing the efficacy of 4TX 

clay both in WD and PM, maximum ash was observed in 1% 4TX WD group (4.77±0.19) 

and minimum in 1% 4TX PM group (4.40±0.18)(Tab 4.3.3). Mean ash contents in all the 

treatments with comparison of control group are shown in Fig 4.9. 

4.3.4: % Protein: Analysis of variance showed that there was a non-significant difference 

(p<0.05) observed in % protein levels in all the treatments (Tab 4.3). The results were 

significant (p<0.05) when compared control (T1) with other treatments (T2-T10). By 

comparing mean values of % protein between different formulated dietary groups by Tukey’s 

HSD test it was found that protein was higher in T10 group (16.81±0.44) and minimum in 

control (15.35±0.13) (Tab 4.3a). 

% protein decreased significantly in groups exposed to AFB1 as low as 2mg 

(15.98±0.27) as compared to control (16.15±0.15).  A little increase in group exposed to 4mg 

AFB1 (16.61±0.28) is due to the protective effect of 4TX clay against AFB1 toxicity (Tab 

4.3.4). Mean protein contents in all the treatments with comparison of control group are 

shown in Fig 4.10. 

4.3.5: % Lipids: Analysis of variance showed that there was a highly significant difference 

(p<0.01) observed in % lipids levels in all the treatment groups There are also significant 

difference observed in dietary levels of AFB1 (Tab 4.3). By comparing mean values of % 

lipids between different formulated dietary groups by Tukey’s HSD test it was found that 

lipid was higher in T3 group (5.93±0.36) and minimum in T10 group (3.17±0.36) (Tab 4.3a). 

Regardless the inclusion of 4TX clay in the diets, the AFB1 has overall negative 

effect on the % ash contents of fish. Maximum lipid was observed in 0mg AFB1 group 

(5.13±0.27) and minimum in 4mg AFB1 group (3.73±0.25). Comparing the efficacy of 4TX 

clay both in WD and PM, maximum lipid was observed in 1% 4TX WD group (4.65±0.37) 

and minimum in 1% 4TX PM group (4.09±0.29)(Tab 4.3.5). Mean lipid contents in all the 

treatments with comparison of control group are shown in Fig 4.11. 
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Table 4.3. Analysis of variance table (mean squares) for Proximate Composition. 

Source of 

variation 

Degrees 

of 

freedom 

Mean squares 

% Dry 

Matter 

% 

Moisture 

% Ash 

(Wet Basis) 

% Protein 

(Wet Basis) 

% Lipid 

(Wet Basis) 

Diets 9 1.8145NS 1.8145NS 0.2171NS 0.8298NS 1.6056** 

C vs others 1 0.6830NS 0.6830NS 0.3637NS 2.1888* 0.6601NS 

4TX 2 0.3347NS 0.3347NS 0.3188NS 0.0778NS 0.7497NS 

AFB1          2 4.7761* 4.7761NS 0.2904NS 0.9805NS 4.6681** 

4TX x AFB1 4 1.3565NS 1.3565NS 0.0929NS 0.7907NS 0.7387NS 

Error        20 1.2139 1.2139 0.4013 0.4592 0.4054 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 
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Table 4.3a. Comparison of means for Proximate Composition. 

Treatme

nts 
% Dry Matter % Moisture 

% Ash (Wet 

Basis) 

% Protein 

(Wet Basis) 

% Lipid (Wet 

Basis) 

T1 25.94±0.66A 74.06±0.66A 4.94±0.67A 15.35±0.13A 4.82±0.29AB 

T2 25.54±0.47A 74.46±0.47A 4.88±0.06A 15.89±0.06A 4.62±0.30AB 

T3 27.09±0.51A 72.91±0.51A 4.85±0.58A 16.34±0.29A 5.93±0.36A 

T4 25.92±0.22A 74.08±0.22A 4.55±0.28A 16.22±0.34A 4.84±0.40AB 

T5 25.68±0.18A 74.32±0.18A 4.31±0.15A 16.75±0.32A 4.05±0.48B 

T6 24.78±0.28A 75.22±0.28A 4.78±0.19A 15.49±0.40A 4.10±0.39AB 

T7 25.69±0.66A 74.31±0.66A 4.53±0.33A 15.69±0.41A 4.25±0.04AB 

T8 24.41±0.64A 75.59±0.64A 4.41±0.34A 16.39±0.36A 4.09±0.53AB 

T9 24.77±1.04A 75.23±1.04A 4.68±0.25A 16.64±0.75A 3.92±0.31B 

T10 25.01±1.03A 74.99±1.03A 4.12±0.35A 16.81±0.44A 3.17±0.36B 

Means sharing similar letter in a column are statistically non-significant (P>0.05). 
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Table 4.3.1. 4TX x AFB1 interaction means ± SE for % Dry Matter. 

AFB1  

4TX clay 

Mean 

0.5% 4TX WD 1% 4TX WD 1% 4TX PM 

0 mg 25.54 ± 0.47 27.09 ± 0.51 25.92 ± 0.22 26.19 ± 0.31A 

2 mg 25.68 ± 0.18 24.78 ± 0.28 25.69 ± 0.66 25.38 ± 0.26AB 

4 mg 24.41 ± 0.64 24.77 ± 1.04 25.01 ± 1.03 24.73 ± 0.47B 

Mean 25.21 ± 0.31A 25.55 ± 0.52A 25.54 ± 0.38A    

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  

 

 

 

 

Table 4.3.2. 4TX x AFB1 interaction means ± SE for % Moisture. 

AFB1  

4TX clay 

Mean 

0.5% 4TX WD 1% 4TX WD 1% 4TX PM 

0 mg 74.46 ± 0.47 72.91 ± 0.51 74.08 ± 0.22 73.81 ± 0.31A 

2 mg 74.32 ± 0.18 75.22 ± 0.28 74.31 ± 0.66 74.62 ± 0.26A 

4 mg 75.59 ± 0.64 75.23 ± 1.04 74.99 ± 1.03 75.27 ± 0.47A 

Mean 74.79 ± 0.31A 74.45 ± 0.52A 74.46 ± 0.38A    

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  
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Table 4.3.3. 4TX x AFB1 interaction means ± SE for % Ash (Wet Basis). 

AFB1  

4TX clay 

Mean 

0.5% 4TX WD 1% 4TX WD 1% 4TX PM 

0 mg 4.88 ± 0.06 4.85 ± 0.58 4.55 ± 0.28 4.76 ± 0.19A 

2 mg 4.31 ± 0.15 4.78 ± 0.19 4.53 ± 0.33 4.54 ± 0.14A 

4 mg 4.41 ± 0.34 4.68 ± 0.25 4.12 ± 0.35 4.41 ± 0.18A 

Mean 4.53 ± 0.14A 4.77 ± 0.19A 4.40 ± 0.18A    

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  

 

 

 

 

Table 4.3.4. Treatment x AFB1 interaction means ± SE for % Protein (Wet Basis). 

AFB1  

4TX clay 

Mean 

0.5% 4TX WD 1% 4TX WD 1% 4TX PM 

0 mg 15.89 ± 0.06 16.34 ± 0.29 16.22 ± 0.34 16.15 ± 0.15A 

2 mg 16.75 ± 0.32 15.49 ± 0.40 15.69 ± 0.41 15.98 ± 0.27A 

4 mg 16.39 ± 0.36 16.64 ± 0.75 16.81 ± 0.44 16.61 ± 0.28A 

Mean 16.34 ± 0.19A 16.16 ± 0.31A 16.24 ± 0.26A    

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  
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Table 4.3.5. 4TX x AFB1 interaction means ± SE for % Lipid (Wet Basis). 

AFB1  

4TX clay 

Mean 

0.5% 4TX WD 1% 4TX WD 1% 4TX PM 

0 mg 4.62 ± 0.30 5.93 ± 0.36 4.84 ± 0.40 5.13 ± 0.27A 

2 mg 4.05 ± 0.48 4.10 ± 0.39 4.25 ± 0.04 4.13 ± 0.18B 

4 mg 4.09 ± 0.53 3.92 ± 0.31 3.17 ± 0.36 3.73 ± 0.25B 

Mean 4.25 ± 0.24 4.65 ± 0.37A 4.09 ± 0.29A    

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  
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Fig. 4.7. Mean % dry matter in tilapia fed AFB1 and 4TX supplemented diets ± SE 
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Fig. 4.8. Mean % moisture in tilapia fed AFB1 and 4TX supplemented diets ± SE 
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Fig. 4.9. Mean % ash in tilapia fed AFB1 and 4TX supplemented diets ± SE 
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Fig. 4.10. Mean % protein in tilapia fed AFB1 and 4TX supplemented diets ± SE 
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Fig. 4.11. Mean % lipid in tilapia fed AFB1 and 4TX supplemented diets ± SE 
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4.4 Protein retention efficiency  

Analysis of variance showed that there observed a highly significant difference 

(p<0.01) in PRE values in all the treatments. The results were also highly significant 

(p<0.01) when compared control (T1) with other treatments (T2-T10). Different dietary levels 

of AFB1 have also highly significant effect (p<0.01) (Tab 4.4). By comparing mean values of 

PRE between different formulated dietary groups by Tukey’s HSD test it was found that PRE 

value significantly higher in control (36.36±1.06) and minimum in T8 group (27.76±0.39) 

(Tab 4.4a). 

Regardless the inclusion of 4TX clay in the diets, the AFB1 has overall negative 

effect on the PRE values of fish. Maximum value was observed in 0 mg AFB1 group 

(33.10±0.81) and minimum in 4mg AFB1 inclusion group (29.41±0.74). Comparing the 

efficacy of 4TX clay both in WD and PM, there was no significant difference in all the 4TX 

clay levels regardless in the inclusion of AFB1 in the diets (Tab 4.4a). Mean PRE contents in 

all the treatments with comparison of control group are shown in Fig 4.12. 

4.5 AFB1 in fish musculature 

AFB1 levels in fish muscle tissues was only determined in 4mg AFB1 group assuming 

the detection in highest inclusion level of AFB1. By comparing mean values of AFB1 in 

muscle tissues by Tukey’s HSD test it was found that there was a decreased pattern in AFB1 

value from group T8 to T10. The lowest value (0.43±0.03 ppb) in T10 showed the protective 

effect of 4TX clay (especially in PM form) against the toxic effects of AFB1) (Tab 4.4a). 

Mean AFB1 contents in fish musculature are shown in Fig 4.13. 

4.6 Immune response 

The immune response of Nile tilapia was observed in terms of serum plasma 

lysozyme concentration, NBT assay and extra cellular superoxide anion production. The 

results of plasma lysozyme showed a significant difference (p<0.05) towards the toxicity of 

AFB1 among all the treatments. The maximum value was observed in 4mg AFB1+0.5% 4TX 

WD group (224.65±10.96A) and minimum in 2mg AFB1+0.5% 4TX WD group 

(119.29±10.22F) (Tab 4.4.1).  
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The results of NBT assay also showed a significant difference (p<0.05) among all the 

treatments. The maximum value was observed in 4mg AFB1+1% 4TX PM group (3.60± 

0.10) and minimum in 2mg AFB1+1% 4TX PM group (2.72± 0.07C) (Tab 4.4.1).  

There was a significant difference (p<0.05) observed in the extracellular super oxide 

anion production in head and kidney macrophages of tilapia. By comparing mean values of 

anion production between different formulated dietary groups by Tukey’s HSD test it was 

found that anion production value was significantly higher in control (1.72±0.07A) and 

minimum in T8 group (0.57±0.10) (Tab 4.4.1). 

4.7 Histology  
Hepatocyte necrosis, cellular pleomorphism, nuclear pleomorphism, dysplasia, 

hydropic degeneration, and fatty degeneration were detected in the liver of fish exposed to 

AFB1. Similarly, fish fed AFB1 had greater liver pathological damage than those without 

AFB1, where the major histopathological lesions observed were related to cellular changes 

(Fig. 4.14). Inclusion of 4TX in the diet did not significantly impact histopathological 

outcomes. 

4.8 Water quality parameters 

All the water quality parameters were found within the range optimum for tilapia 

growth (Tab 4.5). 

4.9 Correlation matrices 

Correlation matrices of selected responses of tilapia are represented in Table 4.7 and 

in figures 4.15 to 4.17. 
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Table 4.4. Analysis of variance table (mean squares) for protein retention efficiency 

(PRE %). 

Source of variation 
Degrees of 

freedom 

Mean squares 

 PRE (%) 

Treatment         9  20.6256** 

C vs others         1  71.5180** 

4TX         2  0.0215NS 

AFB1                  2  30.6635* 

4TX x AFB1         4  13.1855NS 

Error              20  5.4954 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 
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Table 4.4a. Comparison of means for PRE= Protein retention efficiency and AFB1 in 

muscle tissues 

Treatments          PRE (%)  AFB1 (ppb) 

0 mg AFB1+ 0% 4TX 36.36±1.06A  - 

0 mg AFB1+0.5% 4TX WD 34.53±0.29AB  - 

0 mg AFB1+1% 4TX WD 33.30±2.30AB  - 

0 mg AFB1+1% 4TX PM 31.46±0.19AB  - 

2mg AFB1+0.5% 4TX WD 31.42±1.00AB  - 

2mg AFB1+1% 4TX WD 29.09±1.30B  - 

2mg AFB1+1% 4TX PM 32.88±2.31AB  - 

4mg AFB1+0.5% 4TX WD 27.76±0.39B  1.87±1.32A 

4mg AFB1+1% 4TX WD 31.08±1.57AB  1.37±0.87A 

4mg AFB1+1% 4TX PM 29.39±1.06B  0.43±0.03A 

Means sharing similar letter in a column are statistically non-significant (P>0.05). 
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Table 4.4.1. 4TXx AFB1 interactions mean ± SE for PRE (%). 

AFB1  

4TX clay 

Mean 

0.5% 4TX WD 1% 4TX WD 1% 4TX PM 

0 mg 34.53 ± 0.29 33.30 ± 2.30 31.46 ± 0.19 33.10 ± 0.81A 

2 mg 31.42 ± 1.00 29.09 ± 1.30 32.88 ± 2.31 31.13 ± 0.99AB 

4 mg 27.76 ± 0.39 31.08 ± 1.57 29.39 ± 1.06 29.41 ± 0.74B 

Mean 31.24 ± 1.03A 31.16 ± 1.08A 31.24 ± 0.89A    

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  
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Table 4.5. Immune response of Nile tilapia fed AFB1 and 4TX supplemented diets ± SD 

Treatments 

Plasma 

Lysozyme 

(units/mL) 

NBT (mg/mL 

blood) 

Extracellular 

super oxide anion 

(mmol) 

0 mg AFB1+ 0% 4TX 185.00±5.00BCD  2.90± 0.11ABC 1.72±0.07A 

0 mg AFB1+0.5% 4TX WD 216.67±7.64AB 2.86 ±0.15BC   1.58±0.02AB 

0 mg AFB1+1% 4TX WD 184.15±7.59BCD 2.84± 0.05BC   1.49±0.05AB 

0 mg AFB1+1% 4TX PM 175.49±5.75CD 3.04± 0.05AB 1.35±0.08B 

2mg AFB1+0.5% 4TX WD 119.29±10.22F   2.92±0.04ABC 1.03±0.08C 

2mg AFB1+1% 4TX WD 122.11±6.49EF 3.17± 0.02A 1.02±0.17C 

2mg AFB1+1% 4TX PM 201.35±6.36ABC 2.72± 0.07C    1.47±0.06AB 

4mg AFB1+0.5% 4TX WD 224.65±10.96A 2.84± 0.04BC 0.57±0.10D 

4mg AFB1+1% 4TX WD 153.30±6.55DE 2.85± 0.18BC 0.95±0.10C 

4mg AFB1+1% 4TX PM 188.49±27.81BC 3.60± 0.10A 1.03±0.08C 

Means sharing similar letter in a column are statistically non-significant (P>0.05). 
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Fig. 4.12. Mean % PRE in tilapia fed AFB1 and 4TX supplemented diets ± SE 
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Fig. 4.13. Mean AFB1 in tilapia muscle tissues fed AFB1 and 4TX supplemented diets ± 

SE 
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Fig 4.14. Microphotographs of liver sections. Nile tilapia (Oreochromis niloticus) were fed 

combinations of aflatoxin B1 (AFB1) and 4TX (400× magnification, H/E staining). 0 ppm 

AFB1+0% 4TX ( Control) (A) and 0 ppm AFB1+ 0.5% 4TX WD (B) treatments resulted in 

normal histological structure, whereas fish fed 2.0 ppm AFB1+0.5% 4TX WD (C) and 4 ppm 

AFB1 + 0.5% 4TX WD (D) showed marked cellular pleomorphism, characterized by zones 

of enlarged, stellated or spindle-shaped hepatocytes (*) surrounded by small polyhedric-

shaped hepatocytes (arrow). Increased fatty degeneration was observed in fish fed 4 ppm 

AFB1 (D). Scale bar=50 μm. Results were based on two fish from each of the three replicate 

groups (n=6). 
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Tab 4.6. Physico-chemical analysis of control and aflatoxin B1 and 4TX treated aquaria 

Week 
Temperature 

(C⁰) 
pH 

Ammonia 

(Mg/1N 

NH3) 

Nitrite 

(Mg/1N NO2 
–L) 

Dissolved 

Oxygen 

(Mg/L) 

Salinity 

(Ppt) 

Initial 26.7 8.52 0.14 0.03 6.45 0.42 

1. 26.7 8.49 0.13 0.03 6.51 0.43 

2. 26.6 8.45 0.15 0.03 5.99 0.41 

3. 26.8 8.46 0.12 0.03 6.32 0.48 

4. 26.7 8.56 0.12 0.03 6.30 0.46 

5. 26.8 8.39 0.13 0.04 6.31 0.47 

6. 26.9 8.48 0.15 0.03 6.36 0.42 

7. 26.5 8.53 0.14 0.03 6.39 0.44 

8. 26.7 8.61 0.13 0.04 6.40 0.46 

9. 26.8 8.54 0.12 0.04 6.42 0.42 

10. 26.7 8.46 0.12 0.03 6.35 0.41 

 

 

 

 



 

 

66 

Table 4.7. Interaction between selected responses of tilapia fed AFB1 X 4TX 

supplemented diets 

Upper values indicated Pearson’s correlation coefficient; lower values indicated level of significance at 5% 

probability. *= Significant (P<0.05); ** = Highly significant (P<0.01). 

 

 

 

 

 

Control 

Variables 

%Weight 

gain 

Feed 

efficiency 
% Survival HSI IPF Muscle PRE 

AFB1 in 

muscles 

 

%Weight gain 

 

1        

        

Feed efficiency .900** 1       

.000        

% Survival -.186 .032 1      

.324 .868       

HSI .426* .376* -.375* 1     

.019 .041 .041      

IPF .408* .389* .349 .362* 1    

.025 .033 .055 .049     

Muscle .215 .267 .934** -.297 .521** 1   

.253 .154 .000 .111 .003    

PRE .822** .842** .833** .310 .481** .859** 1  

.000 .000 .000 .096 .006 .000   

AFB1 in muscles -.256 -.297 -.237 .319 -.431 -.226 -.074 1 

.507 .437 .540 .402 .246 .559 .850  
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Fig.4.15. Correlation between % weight gain and feed efficiency in tilapia fed AFB1 X 

4TX supplemented diets 
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Fig.4.16. Correlation between % lipids and HSI in tilapia fed AFB1 X 4TX 

supplemented diets 
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Fig.4.17. Correlation between AFB1 and % weight gain in tilapia fed AFB1 X 4TX 

supplemented diets 
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Trial II 

4.10: Proximate composition: Proximate analysis of diets and fecal samples performed 

in terms of dry matter, moisture (only for diets), crude protein, crude lipid and ash contents 

(Tab 4.5 and 4.5a). 

4.11: Apparent digestibility coefficients: Apparent digestibility coefficients will be 

calculated for dry matter, crude protein and crude lipid. 

4.11.1. Apparent dry matter digestibility (ADMD): By comparing mean values of ADMD 

of fecal materials between different formulated dietary groups by Tukey’s HSD test it was 

found that there was no statistical difference (P>0.05) observed in all the three treatments 

(Tab 4.6). Mean dry matter digestibility in all the treatments with comparison to control 

group is shown in Fig 4.14. 

4.11.2. Apparent crude protein digestibility (ACPD): By comparing mean values of 

ACPD of fecal materials between different formulated dietary groups by Tukey’s HSD test it 

was found that there was no statistical difference (P>0.05) observed in all the three 

treatments (Tab 4.6). Maximum value was observed in control group (86.04±1.24A) while 

minimum in 1.0% 4TX group (84.30±2.26A). Mean crude protein digestibility in all the 

treatments with comparison to control group is shown in Fig 4.15. 

4.11.3. Apparent crude lipid digestibility (ACLD): By comparing mean values of ACLD 

of fecal materials between different formulated dietary groups by Tukey’s HSD test it was 

found that there was no statistical difference (P>0.05) observed in all the three treatments 

(Tab 4.6). Maximum value was observed in control group (70.98±5.23A) while minimum in 

1.0% 4TX group (68.64±2.40A). Mean crude protein digestibility in all the treatments with 

comparison to control group is shown in Fig 4.16. 
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Table 4.8. Analyzed proximate composition of diets (Dry matter basis) 

Treatments Dry matter Moisture Crude protein Crude lipid Ash 

0% 4TX (control) 89.7 10.3 31.82 9.879824783 8.13 

0.5% 4TX 89.85 10.15 30.27 9.756365225 8.59 

1.0% 4TX 89.71 10.29 30.63 9.743931235 8.99 

 

 

 

 

 

 

Table 4.8a. Analyzed proximate composition of fecal samples (Dry matter basis) 

Treatments Dry matter Crude protein Crude lipid Ash 

0% 4TX (control) 64.06 12.37 11.21 44.05 

0.5% 4TX 65.46 12.75 11.86 42.18 

1.0% 4TX 64.66 13.64 11.99 44.41 
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Table 4.9. Apparent digestibility coefficients of dry matter, crude protein and crude 

lipid ± SD  

Diet ADMD ACPD ACLD 

0% 4TX (Control) 74.39±0.82A 86.04±1.24A 70.98±5.23A 

0.5% 4TX PM 74.86±0.61A 85.44±1.23A 69.35±6.92A 

1% 4TX PM 74.53±0.32A 84.30±2.26A 68.64±2.40A 

Means sharing similar letter in a column are statistically non-significant (P>0.05). 
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Fig. 4.18. Calculated ADMD of tilapia fed different levels of 4TX ± SD 
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Fig. 4.19. Calculated ACPD of tilapia fed different levels of 4TX ± SD 
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Fig. 4.20. Calculated ACLD of tilapia fed different levels of 4TX ± SD 
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Table 4.9.1. Mean Analyzed values of Amino acids in diets (dry basis) 

 

Indispensable Diet 1 Diet 2 Diet 3 

Arg 

 

1.82 2.44 2.20 

His 

 

0.76 1.00 0.93 

Thr 

 

1.10 1.48 1.35 

Lys 

 

1.76 2.48 2.27 

Tyr 

 

0.83 1.11 0.97 

Met 

 

0.43 0.66 0.20 

Val 

 

1.46 1.90 1.72 

Ile 

 

1.30 1.76 1.61 

Leu 

 

2.13 2.89 2.63 

Phe 

 

1.42 1.83 1.66 

Dispensable 

   HyPro 

 

0.12 0.16 0.16 

Tau 

 

0.07 0.11 0.09 

Ser 

 

0.37 0.65 0.71 

Gly 

 

2.51 3.37 3.04 

Asp 

 

2.42 3.33 3.12 

Glu 

 

4.96 6.77 6.18 

Ala 

 

1.38 1.90 1.73 

Pro 

 

1.42 1.93 1.75 

Cys 

 

0.06 0.07 0.06 
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4.11.4. Apparent digestibility of amino acids: Mean analyzed values of Indispensable 

(essential) and dispensable (non-essential) amino acids are given in table 4.6.1 and 4.6.2.  

4.11.4.1. Indispensable (Essential) amino acids:  ADC of essential amino acids (Arginine, 

histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan, and 

valine) calculated and by comparing mean values of these amino acids present in fecal 

materials between different formulated dietary groups by Tukey’s HSD test it was found that 

there was no statistical difference (P>0.05) observed in all the three treatments except for 

methionine (Tab 4.6.3).  

Arginine: By comparing mean values of arginine by Tukey’s HSD test it was found that 

there was non-statistical difference (P>0.05) observed in all the three treatments. Maximum 

arginine digestibility observed in 0.5% 4TX group (96.57±0.51A) and minimum in control 

group (93.40±1.97A) (Table 4.6.3). Mean arginine digestibility in all the treatments with 

comparison to control group is shown in Fig 4.17. 

Histidine: By comparing mean values of arginine by Tukey’s HSD test it was found that 

there was non-statistical difference (P>0.05) observed in all the three treatments. Maximum 

histidine digestibility observed in 0.5% 4TX group (96.07±0.75A) while control and 1.0% 

4TX  group showed the same values (92.97±1.97A) (Table 4.6.3). Mean histidine 

digestibility in all the treatments with comparison to control group is shown in Fig 4.18. 

Threonine: By comparing mean values of threonine by Tukey’s HSD test it was found that 

there was non-statistical difference (P>0.05) observed in all the three treatments. Maximum 

threonine digestibility observed in 0.5% 4TX group (91.77±1.06A) and minimum in control 

group (84.73±2.61A) (Table 4.6.3). Mean histidine digestibility in all the treatments with 

comparison to control group is shown in Fig 4.19. 

Lysine: By comparing mean values of lycine by Tukey’s HSD test it was found that there 

was non-statistical difference (P>0.05) observed in all the three treatments. Maximum lysine 

digestibility observed in 0.5% 4TX group (95.33±1.35A) and minimum in control group 

(91.20±2.55A) (Table 4.6.3). Mean histidine digestibility in all the treatments with 

comparison to control group is shown in Fig 4.20. 
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Table 4.9.2. Mean Analyzed values of Amino acids in fecal samples (g/100g dry basis) 

Indispensable 0% 4TX (control) 0.5% 4TX 1.0% 4TX 

Arg 0.47 0.33 0.57 

His 0.21 0.16 0.26 

Thr 0.65 0.49 0.64 

Lys 0.60 0.46 0.64 

Tyr 0.28 0.22 0.34 

Met 0.07 0.06 0.13 

Val 0.65 0.52 0.69 

Ile 0.42 0.32 0.48 

Leu 0.71 0.54 0.79 

Phe 0.48 0.38 0.61 

Dispensable 

   HyPro 0.41 0.26 0.33 

Tau 0.00 0.00 0.00 

Ser 0.29 0.20 0.38 

Gly 1.27 0.87 1.21 

Asp 0.79 0.59 0.81 

Glu 1.30 0.94 1.45 

Ala 0.75 0.53 0.72 

Pro 0.80 0.56 0.79 

Cys 0.00 0.00 0.03 
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Tryptophan: By comparing mean values of tryptophan by Tukey’s HSD test it was found 

that there was non-statistical difference (P>0.05) observed in all the three treatments. 

Maximum tryptophan digestibility observed in 0.5% 4TX group (95.10±1.83A) and 

minimum in T3 group (91.07±5.75A) (Table 4.6.3). Mean tryptophan digestibility in all the 

treatments with comparison to control group is shown in Fig 4.21. 

Methionine: By comparing mean values of methionine by Tukey’s HSD test it was found 

that there was statistical difference (P<0.05) observed in all the three treatments. Maximum 

methionine digestibility observed in 0.5% 4TX group (97.63±0.59A) and minimum in T3 

group (83.30±8.17B) (Table 4.6.3). Mean methionine digestibility in all the treatments with 

comparison to control group is shown in Fig 4.22. 

Valine: By comparing mean values of valine by Tukey’s HSD test it was found that there 

was non-statistical difference (P>0.05) observed in all the three treatments. Maximum valine 

digestibility observed in 0.5% 4TX group (93.10±1.15A) and minimum in control group 

(88.67±1.27A) (Table 4.6.3). Mean valine digestibility in all the treatments with comparison 

to control group is shown in Fig 4.23. 

Isoleucine: By comparing mean values of isoleucine by Tukey’s HSD test it was found that 

there was non-statistical difference (P>0.05) observed in all the three treatments. Maximum 

isoleucine digestibility observed in 0.5% 4TX group (95.50±0.70A) and minimum in control 

group (91.73±2.02A) (Table 4.6.3). Mean isoleucine digestibility in all the treatments with 

comparison to control group is shown in Fig 4.24. 

Leucine: By comparing mean values of leucine by Tukey’s HSD test it was found that there 

was non-statistical difference (P>0.05) observed in all the three treatments. Maximum 

leucine digestibility observed in 0.5% 4TX group (95.27±0.70A) and minimum in control 

group (91.50±2.00A) (Table 4.6.3). Mean leucine digestibility in all the treatments with 

comparison to control group is shown in Fig 4.25. 

Phenylalanine: By comparing mean values of phenylalanine by Tukey’s HSD test it was 

found that there was non-statistical difference (P>0.05) observed in all the three treatments. 

Maximum phenylalanine digestibility observed in 0.5% 4TX group (94.80±1.64A) and 

minimum in T3 group (90.63±5.62A) (Table 4.6.3). Mean phenylalanine digestibility in all 

the treatments with comparison to control group is shown in Fig 4.26. 
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Table 4.9.3.  ADC of Indispensable (Essential) amino acids in tilapia fed 4TX clay ±SD 

 

Indispensable 0% 4TX (Control) 0.5% 4TX 1.0% 4TX 

Arg 93.40±1.97A 96.57±0.51A 93.43±4.17A 

His 92.97±1.97A 96.07±0.75A 92.97±4.44A 

Thr 84.73±2.61A 91.77±1.06A 87.87±6.46A 

Lys 91.20±2.55A 95.33±1.35A 92.80±4.30A 

Tyr 91.40±2.11A 95.10±1.83A 91.07±5.75A 

Met 95.97±3.50AB 97.63±0.59A 83.30±8.17B 

Val 88.67±1.27A 93.10±1.15A 89.73±4.64A 

Ile 91.73±2.02A 95.50±0.70A 92.40±4.78A 

Leu 91.50±2.00A 95.27±0.70A 92.37±4.67A 

Phe 91.37±2.51A 94.80±1.64A 90.63±5.62A 

Means sharing similar letter in a row are statistically non-significant (P>0.05). 
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Table 4.9.4.  ADC of dispensable (non-essential) amino acids in tilapia fed 4TX clay 

±SD 

Dispensable 0% 4TX (Control) 0.5% 4TX 1.0% 4TX 

Ser 79.67±6.52 92.13±2.57 86.50±4.45 

Gly 86.93±3.98 93.57±0.40 89.90±5.35 

Asp 91.60±1.82 95.57±0.76 93.40±3.95 

Glu 93.27±2.06 96.53±0.65 93.97±3.92 

Ala 86.13±3.30 92.93±0.67 89.50±5.85 

Pro 85.50±4.03 92.73±0.59 88.53±6.56 
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Fig 4. 21. Calculated arginine digestibility of tilapia fed different levels of 4TX ± SD 
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Fig. 4.22. Calculated histidine digestibility of tilapia fed different levels of 4TX ± SD 
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Fig. 4.23. Calculated threonine digestibility of tilapia fed different levels of 4TX ± SD 
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Fig. 4.24. Calculated lysine digestibility of tilapia fed different levels of 4TX ± SD 
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Fig. 4.25. Calculated tryptophan digestibility of tilapia fed different levels of 4TX ± SD 
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Fig. 4.26. Calculated methionine digestibility of tilapia fed different levels of 4TX ± SD 
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Fig. 4.27. Calculated valine digestibility of tilapia fed different levels of 4TX ± SD 
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Fig. 4.28. Calculated isoleucine digestibility of tilapia fed different levels of 4TX ± SD 
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Fig. 4.29. Calculated leucine digestibility of tilapia fed different levels of 4TX ± SD 
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Fig. 4.30. Calculated phenylalanine digestibility of tilapia fed different levels of 4TX ± 

SD 
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Trial III 

 

4.12 Growth performance 

Growth performance was evaluated in terms of % weight gain, feed efficiency and % 

survival of tilapia fed different levels of AFB1 and 4TX clay supplemented diets. 

4.12.1 % Weight gain: Analysis of variance showed that there was a highly significant 

difference (p<0.01) observed in % weight gain in all the treatments. By comparing mean 

values of % weight gain between different formulated dietary groups by Tukey’s HSD test it 

was found that growth was significantly higher in control group (421.9±29.83) and minimum 

in T4 group (222.3±57.86) (Tab 4.7). Mean weight gain in all the treatments with comparison 

of control group is shown in Fig 4.27. 

4.12.2 Feed efficiency: Analysis of variance showed that there was a highly significant 

difference (p<0.01) observed in feed efficiency in all the treatment groups. By comparing 

mean values of feed efficiency between different formulated dietary groups by Tukey’s HSD 

test it was found that feed efficiency was significantly higher in control group (0.320±0.01) 

and minimum in T8 group (0.170±0.05) (Tab 4.7). Mean feed efficiency in all the treatments 

with comparison of control group is shown in Fig 4.28. 

4.12.3 % Survival: Analysis of variance showed that there was a highly significant 

difference (p<0.01) observed in feed efficiency in all the treatment groups. By comparing 

mean values of feed efficiency between different formulated dietary groups by Tukey’s HSD 

test it was found that feed efficiency was significantly higher in control group (87.50±2.50) 

and minimum in T4 group (66.67±3.82) (Tab 4.7). Mean feed efficiency in all the treatments 

with comparison of control group is shown in Fig 4.29. 
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Table 4.10. Comparison of means for Growth Performance of tilapia fed AFB1 and 4TX 

supplemented diets in semi intensive culture conditions 

Treatments Weight Gain % Feed Efficiency % Survival 

0 mg AFB1+ 0% 4TX 421.9±29.83A 0.320±0.01A 87.50±2.50A 

0 mg AFB1+0.5% 4TX WD 328.6±24.65B 0.250±0.01B 83.33±3.82A 

0 mg AFB1+1% 4TX WD 271.2±29.39BC 0.207±0.02BC 75.00±2.50B 

2 mg AFB1+1% 4TX PM 222.3±57.86C 0.170±0.05C 66.67±3.82C 

ANOVA (pr>f)   0.0011               0.0011  0.0002 

Means sharing similar letter in a column are statistically non-significant (P>0.05). 
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Fig. 4.31. Mean % weight gain in tilapia fed AFB1 and 4TX supplemented diets ± SD 

in pond 
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Fig. 4.32. Mean % feed efficiency in tilapia fed AFB1 and 4TX supplemented diets ± 

SD in ponds 
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Fig. 4.33. Mean % survival in tilapia fed AFB1 and 4TX supplemented diets ± SD in 

ponds 
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4.13 Proximate composition 

 

Proximate composition was estimated in terms of Dry matter, Moisture, Ash, Crude protein 

and Lipids. 

4.13.1: % Dry matter: Analysis of variance showed that there was a significant difference 

(p<0.05) observed in % dry matter in all the treatments. By comparing mean values of % 

dry matter between different formulated dietary groups by Tukey’s HSD test it was found 

that dry matter was higher in control group (26.09±1.15) and minimum in T4 group 

(24.54±1.14) (Tab 4.8). Mean dry matter in all the treatments with comparison to control 

group is shown in Fig 4.30. 

4.13.2: % Moisture: Analysis of variance showed that there was a significant difference 

(p<0.05) observed in % moisture levels in all the treatments. By comparing mean values of 

% moisture between different formulated dietary groups by Tukey’s HSD test it was found 

that moisture was higher in control group (75.46±0.85) and minimum in T4 (73.91±1.54) 

(Tab 4.8). Mean moisture contents in all the treatments with comparison of control group 

are shown in Fig 4.31. 

4.13.3: % Ash: Analysis of variance showed that there was a non-significant difference 

(p<0.05) observed in % moisture levels in all the treatments. By comparing mean values of 

% weight gain between different formulated dietary groups by Tukey’s HSD test it was 

found that ash was higher in control group (5.937±1.15) and minimum in T4 (5.530±0.57) 

(Tab 4.8). Mean ash contents in all the treatments with comparison of control group are 

shown in Fig 4.32. 

4.13.4: % Protein: Analysis of variance showed that there was a significant difference 

(p<0.05) observed in % protein levels in all the treatments. By comparing mean values of % 

protein between different formulated dietary groups by Tukey’s HSD test it was found that 

protein was higher in control group (15.56±0.22) and minimum in control (14.35±0.70) 

(Tab 4.8). Mean protein contents in all the treatments with comparison of control group are 

shown in Fig 4.33. 

4.13.5: % Lipids: Analysis of variance showed that there was a highly significant 

difference (p<0.01) observed in % lipids levels in all the treatment groups By comparing 

mean values of % lipids between different formulated dietary groups by Tukey’s HSD test it 
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was found that lipid was higher in control group (5.927±0.39) and minimum in T4 group 

(4.617±0.27) (Tab 4.8). Mean lipid contents in all the treatments with comparison of control 

group are shown in Fig 4.34. 

4.14 Correlation matrices 

          Correlation matrices of growth parameters of tilapia are represented in Table 4.12 and 

fig 4.39.  

 

 

 

 

Table 4.11. Comparison of means for Proximate Composition of tilapia in ponds 

 

Treatment

s 

% Dry 

Matter 
% Moisture 

% Ash (Wet 

Basis) 

% Protein 

(Wet Basis) 

% Lipid (Wet 

Basis) 

T1 26.09±1.15A 75.46±0.85A 5.937±1.15A 15.56±0.22A 5.927±0.39A 

T2 24.94±0.81A 75.31±1.54A 5.880±0.10A 15.34±1.06A 4.917±1.02AB 

T3 24.69±0.88A 75.06±0.37A 5.853±1.01A 14.69±0.51A 4.823±0.37AB 

T4 24.54±1.14A 73.91±1.54A 5.530±0.57A 14.35±0.70A 4.617±0.27B 

 

ANOVA (pr>f)        0.2945                  0.2945                    0.9268                    0.1954                       0.0986 

 

Means sharing similar letter in a column are statistically non-significant (P>0.05). 
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Fig. 4.34. Mean % dry matter in tilapia fed AFB1 and 4TX supplemented diets ± SD in 

ponds 
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Fig. 4.35. Mean % moisture in tilapia fed AFB1 and 4TX supplemented diets ± SD in 

ponds 
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Fig. 4.36. Mean % ash in tilapia fed AFB1 and 4TX supplemented diets ± SD in ponds 
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Fig. 4.37. Mean % protein in tilapia fed AFB1 and 4TX supplemented diets ± SD in 

ponds 
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Fig. 4.38. Mean % lipid in tilapia fed AFB1 and 4TX supplemented diets ± SD in ponds 
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Table 4.12. Correlation matrix of growth parameters of tilapia in ponds  

Upper values indicated Pearson’s correlation coefficient; lower values indicated level of significance at 5% 

probability. *= Significant (P<0.05); ** = Highly significant (P<0.01). 

 

 

 

 

 

 

 

 

 

 

 

 

Control variables 
% Weight 

gain 

Feed 

efficiency 

% 

Survival 

% Dry 

matter 

% 

Moisture 
% Ash 

% 

Protein 

% 

Lipid 

% Weight gain 1        

        

Feed efficiency .983** 1       

.000        

% Survival .746** .781** 1      

.005 .003       

% Dry matter .103 .112 -.169 1     

.750 .730 .599      

% Moisture -.103 -.112 .169 -1.000** 1    

.750 .730 .599 .000     

% Ash -.037 .036 .372 .086 -.086 1   

.908 .910 .234 .790 .790    

% Protein -.113 -.030 .026 .290 -.290 -.107 1  

.727 .926 .935 .360 .360 .742   

% Lipid -.340 -.356 -.226 .465 -.465 .115 -.151 1 

.279 .256 .480 .128 .128 .721 .639  
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Fig.4.39. Correlation between % weight gain and feed efficiency in tilapia in ponds 
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Chapter-5  

                                DISCUSSION  

The available studies on the effects of mycotoxins in fish show that performance and 

health status are negatively affected which have economical losses. The awareness of 

mycotoxin problems in aquaculture farms must be developed to minimize the negative 

impact of mycotoxins on the performance and health of exposed fish. Moreover the risk for 

consumers should be also being addressed as mycotoxin residues were found in fish muscle 

beyond acceptable levels. This should be done through increased research in this topic and 

the development of effective mycotoxins risk management (Santos et al., 2010). The 

objectives of this study are therefore to evaluate the efficacy of 4TX bentonite clay against 

the toxic effects of AFB1 in Nile tilapia under laboratory and semi-intensive culture 

conditions and also to examine the effects of 4TX clay on nutrient digestibility of tilapia. To 

achieve these objectives, three trials were conducted. 

Trial I 

 Trial I was regarding the “alleviation of AFB1 toxicity by 4TX bentonite clay 

supplementation and its effect on health performance and immunity in Nile tilapia 

(Oreochromis niloticus)”. Overall, AFB1 had a significant impact on tilapia over 12 weeks. 

With decreased weight gain and lower feed efficiency, 4 ppm AFB1-exposed fish performed 

poorly compared to 2 ppm AFB1-exposed fish and the controls. Reduction in weight gain 

and decreases in feed efficiency at the higher dose confirm the anti-nutritional effects of 

AFB1 as seen in similar studies (Al-Faragi, 2014; Ayyat et al., 2013; Boonyaratpalin et al., 

2001; Chavez-Sanches et al., 1994; Deng et al., 2010; El-Banna et al., 1992; Encarnacao et 

al., 2009; Jantrarotai and Lovell, 1990; Ruby et al. 2013; Salem et al., 2010; Sepahdari et 

al., 2010; Shehata et al., 2009; Zaki et al., 2008; Zychowski et al., 2013a and b).  

Increased use of vegetable sources in aquafeed may have adverse effects on fish 

welfare for the high risk of aflatoxin contamination in plant materials, especially in 

subtropical and tropical areas. Therefore, it is necessary to evaluate the fish aflatoxicosis in 

farming systems, as well as the potential hazard of fish consuming. Since In the present 

study, we did not find notable differences on survival among tilapia exposed to 2 and 4 

mg/kg AFB1 contaminated diets. 

Tuan et al. (2002) reported a similar finding in Nile tilapia that diets containing 10 
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mg AFB1/kg or less didn't increase mortality for 8 weeks. Chávez-Sánchez et al. (1994) 

even concluded that a diet with 30 mg AFB1/kg did not lead to death in this species. Now 

our report confirmed that tilapia can sustain a high dose of 4 mg/kg dietary AFB1. However, 

El-Enbaawy et al. (1994) showed that 500 μg AFB1/kg of body weight by intraperitoneal 

administration for 10 day caused 63.5% mortality for tilapia. These differences might be due 

to different routes of exposure to AFB1, as reported by Bauer et al. (1969) that toxicity of 

AFB1 by intraperitoneal route was 7.5 times more effective than oral route. In the majority 

of aquatic organisms exposed to AFB1, the toxic signs as anorexia, yellowing of the body 

surface, weight loss, feed efficiency reduction, liver dysfunction and histological damage 

are commonly observed (Santacroce et al., 2008).  

When supplemented alone addition of 4TX clay have negative effect on the health 

performance of tilapia as compared to control group regardless the inclusion type of the 

clay.  The results of the present study revealed that inclusion type of 4TX clay also affected 

the health performance of tilapia. The inclusion types include water dispersal (WD) and 

powder mix (PM). Without the addition of AFB1 in the diets, 1% 4TX PM (T4) showed 

reduction in % weight gain (782.0±15.3) as compared to 1% 4TX WD (842.4±69.3), 0.5% 

4TX WD (890.2±45.1) and control (975.5±29.2). Similar weight reduction under clay 

treatments had been observed in other animal experiments (Kubena et al., 1993a; Bailey et 

al., 2006; Hauptmanad et al., 2015) but the explanation for this result was not addressed. In 

the present study, the efficacy of 1% 4TX PM over 1% 4TX WD and 0.5% 4TX WD may 

be due to the decreased protein and essential amino acid digestibility in 1% 4TX PM over 

the others (unpublished results of my digestibility trial with 4TX and tilapia). On the other 

hand when 4TX clay added with AFB1, 1% 4TX PM showed better growth performance 

over 1% 4TX WD. This efficacy of PM inclusion type in the improvement of fish health 

over the WD type may be due to the availability of larger surface area of 4TX clay for the 

binding of AFB1 in PM type which may be occupied by the water molecules when the clay 

dispersed in water first and then added to the remaining ingredients of the diet (WD type). 

In the AFB1 free diets, clay may bond to the nutrients present in the diet and hence 

decreasing the digestibility of these essential nutrients and resulted in poor growth 

performance of tilapia. The 0.5% addition of clay to the diet represents a same percentage of 

reduction in nutrient density, which can affect body weight. Additionally, due to the high 
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adsorptive capacity of smectites there is a potential of the clays adsorbing some essential 

nutrients (Velazquez, 2010). In the literature Zn, Mn, vitamin A and riboflavin had been 

evaluated as indicators of nutrient utilization, showing that at 0.5% clay addition did not 

cause significant impact (Phillips et al., 1995).  

Components in the feed may have been sequestered in the negatively-charged 

interlayer of 4TX during mixing, thereby rendering it less capable of sorbing 100% of AFB1 

at the administered levels. A previous study determined that 0.5% hydrated sodium 

aluminosilicate was not effective in preventing liver lesions in rainbow trout exposed to 

AFB1 and may have interfered with some essential feed components (Arana et al., 2011).  

            As in other species, the target organ of AFB1 in tilapia is the liver, where it is known 

to induce toxicity. AFB1 binds to DNA, creating the AFB1-8, 9-epoxide which is involved in 

the development of fatty liver, necrosis and carcinogenesis in fish and other animals 

(Cummings and Macfarlane, 1997; Klein et al., 2000). In agreement, we found that HSI 

decreased significantly in groups exposed to AFB1, and damage to the liver was 

histologically detected at levels as low as 2 ppm of AFB1. Regardless the inclusion of 4TX 

clay in the diets, 0mg AFB1 group showed highest HSI value (2.28±0.11) as compared to 

2mg (1.38±0.03) and 4mg AFB1 (1.44±0.05) supplemented groups. Histopathological 

changes in the liver and lowered HSI in aflatoxin treated groups suggest a progression 

towards AFB1-induced heptocarcinogenesis. One of the most characteristic signs of 

aflatoxicosis is the deterioration or alteration in size and color of the liver, as a result of 

continuous exposure due to metabolic transformation of the aflatoxin molecules.  

              In agreement, Zychowski et al. (2013a, b) found that HSI decreased significantly in 

groups exposed to AFB1. Histopathological changes in the liver and lowered HSI suggest a 

progression towards AFB1-induced heptocarcinogenesis. In another study of Deng et al. 

(2010), AFB1 induced a significant loss in liver mass, which was also observed in another 

aflatoxicosis study on tilapia (Usanno et al., 2005). One explanation of this AFB1-induced 

depressed liver growth is with respect to the decreased hepatic lipid synthesis. In general, 

liver weight is positively related to the liver lipid content, however, in the animal exposed to 

high AFB1, the incorporation of free fatty acids into liver triglycerides is dramatically 

decreased and the mobilization of lipid in adipose tissue to plasma is inhibited (Singh and 

Venkitasubramanian, 1975). This is also in accordance to Deng et al. (2010), who reported 
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that the decreased liver lipid content in the liver lesion, which could be induced by high 

oxidative stress triggered by AFB1 exposure, could also contribute to the abnormal liver 

growth. The same negative effects of AFB1 on internal organs indices of O. niloticus were 

recorded too by Hussein et al. (2000) and Abdelhamid et al. (2002c and 2004 a, b, d).  

          Overall, 4TX alone at 0.5 and 1.0% WD inclusion rates did not impact % weight gain 

and feed efficiency but the treatments produce results significantly different from the 

controls while 1% 4TX PM has successfully alleviated the AFB1 toxicity proved by the 

increased % weight gain (774.89±38.79) and feed efficiency (0.657±0.013) as compared to 

0.5  and 1% WD levels. Although not significant, 4TX had a positive influence on some of 

the parameters tested. Results were inconclusive regarding its efficacy and varied between 

2.0 and 4.0 ppm AFB1 levels. In published studies using clays to sorb toxins in feeds, the 

clays were either administered in a dry form added to commercial feeds or in an 

encapsulated supplement (Afriyie-Gyawu et al., 2008; Pimpukdee et al., 2004; Robinson et 

al., 2012). This is the first study conducted with the 4TX clay to evaluate its efficacy against 

AFB1 toxicity, but due to the high degree of processing necessary for the production of fish 

feeds, there is potential for 4TX to interact with various components in the feed matrix.  

  In the present study, AFB1 residues detected in 4mg AFB1 supplemented diets with 

highest value (1.87±1.32 ppb) in 4mg AFB1+0.5% 4TX WD group and lowest (0.43±0.03 

ppb) in 4mg AFB1+1.0% 4TX PM group (which shows the efficacy of 1% 4TX in powder 

mix form against water dispersal) suggesting a significant risk for transmission of AFB1 to 

the human consumer, since the US Food and Drug Administration has set a 5 ppb limit for 

AFB1 in human foods. Many studies revealed that animals have AFB1 residues in their 

tissues after exposure to AFB1 that causes poor health effects after ingestion (Han et al., 

2010; Messonnier et al., 2007; Santacroce et al., 2011; Puschner, 2002; Tacon and Metian 

2008). El-Sayed and Khalil (2009) concluded that delayed exposure of sea bass with small 

amounts of AFB1 (0.0018 mg/kg) resulted in poor health performance and the accumulation 

of the AFB1 residues in the edible tissues of the fish which ultimately have threat for the 

consumers. In agreement with these results Han et al. (2009) reported that when gibel carp 

exposed to more than 10 ug AFB1 kg-1 diet the accumulation of AFB1 residues was detected 

in the muscles and ovaries above the safety levels of 2 ppb as set by European Union. In 

Nile tilapia AFB1 residues in the liver regions were noted exposed to as low as 2 ppm (Deng 
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et al., 2010). Abdel Hamid et al. (2004) concluded that AFB1 residues in fish muscle 

represented a combined effect, which was based on the duration and the exposure of AFB1. 

Residues of AFB1 have also been detected at levels up to 5 ppb in walleye fed 50 ppb AFB1 

for 30 days (Hussain et al., 1993). The high levels of AFB1-residues may be attributed to 

high lipid levels in the musculature of these fish. Nevertheless, AFB1 residues were not 

detected in tissues of either shrimp (Bautista et al., 1994) or red tilapia (Usanno et al., 2005) 

after 60 days of exposure even at the highest exposure level. This disagreement may be due 

to the different pathways of metabolism of AFB1 in these species. 

           Immunosuppressive consequences have been demonstrated in a broad range of 

AFB1-exposed animals including turkeys, chickens, trout, humans and others. Detrimental 

effects on the animal's immunity are likely due to interference with specific biochemical and 

physiological pathways (Raisuddin et al., 1993). In the present study, 0 ppm AFB1+0.5% 

4TX WD treatment produced a sharp increase in plasma lysozyme (216.67±7.64) as 

compared to the control group  (185.00±5.00), suggesting that 4TX alone might have a 

positive influence on the tilapia immune system. In future studies, serum levels of fish 

supplemented with 4TX will be monitored and analyzed to detect any changes in mineral 

and vitamin content that may be responsible for enhanced immunity. 

         Decreased extracellular superoxide anion production, an indicator of 

immunosuppression, has been previously reported in murine species as well as fish 

(Mohapatra et al., 2011; Moon et al., 1999). One study found a decrease in total superoxide 

anion production in AFB1-exposed tilapia (El-Boshy et al., 2008), and the other (Zychowski 

et al., 2013b) found that 1.5 ppm level of AFB1 decreased more extracellular superoxide 

anion production (0.67 mmol) as compared to 3ppm AFB1 (1.05 mmol) and control (1.7 

mmol). Because the production of reactive oxygen species such as superoxide anion is 

deployed by the immune system to kill invading microorganisms, AFB1-induced reductions 

in free radical production may result in a decreased resistance to pathogens including 

bacteria (Iwama and Nakanishi, 1996). The results of another study suggests that aflatoxin 

treated fish with reduced bacterial agglutination titres had a marked increase in bacterial 

counts, indicating that chronic exposure to aflatoxin may suppress the release of 

antimicrobial factors (lysozyme, anti-proteases, etc.) that enhance the susceptibility of fish 

to infections. Therefore, even if the lowest doses of AFB1 don’t produce a significant 
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mortality, AFB1 may be responsible for the higher sensitivity to infectious diseases due to 

impaired immune functions (Sahoo and Mukherjee, 2001b). 

           Rainbow trout fed with AFB1 concentration as low as 0.5 μgkg−1 diet for 6 months 

was found to suffer from liver tumors (Halver, 1969). Raghavan et al. (2011) reported that 

AFB1 contamination could lead to the presence of basophilic hepatocytes with 

hyperchromatic and pleomorphic nuclei and occasional multinucleated large hepatocytes 

indicated a progression towards hepatoma or hepatocellular carcinoma (cancer of the liver).           

           Our results of histological studies showed that 0 ppm AFB1 treatments resulted in 

normal histological structure, whereas fish fed 2.0 and 4 ppm AFB1 showed marked cellular 

pleomorphism, characterized by zones of enlarged, stellated or spindle-shaped hepatocytes 

surrounded by small polyhedric-shaped hepatocytes. Increased fatty degeneration was also 

observed in fish fed 4 ppm AFB1.  This finding was in close agreement with the studies 

suggested by Tuan et al. (2002) and Huang et al. (2011). 

In conclusion, the results of this study demonstrated that AFB1 had a negative impact 

on tilapia weight gain and feed efficiency over a relatively short span of 12 weeks. AFB1 

also negatively impacted multiple physiological and biological parameters significantly, 

including HSI, extracellular superoxide anion production, AFB1 residues in muscle tissues 

and protein retention efficiency with both 2.0 and 4.0 ppm treatment levels. Although a 

degree of protection was afforded in some cases with the inclusion of 4TX in the fish feed, 

indeed, future studies should strive to achieve mitigation for aflatoxicosis in tilapia by 

determining an effective dosing method for 4TX in fish. This method may require 

supplementation separate from the feed itself, allowing for AFB1 sorption without food 

matrix interference.  

Trial II 

In trial ІІ effects of 4TX clay supplements on the nutrient digestibility of tilapia were 

evaluated. Nile  tilapia  is  apparently  able to  assimilate a  wide  variety  of  feedstuffs  

and  digestibility data compare favorably with those obtained in studies  with  other  

freshwater  tropical  species. It should be noted that Nile tilapia possesses a relatively long 

gastrointestinal tract and fecal collection   by   natural   voidance   is the   only realistic 

option in this species (Suresh, 2003; Sklan et al., 2004).  Although non-significant, 

addition of 4TX clay at 0.5% (85.44±1.23) and 1.0% (84.30± 2.26) decreased the nutrient 
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digestibility of the crude protein by the tilapia as compared to control group (86.04±1.24). 

Similar results were observed in case of crude lipid digestibility in which 1% 4TX clay 

supplementation showed lowest ACLD (68.64±2.40) as compared to 0.5% (69.35±6.92) and 

control (70.98±5.23). The results of another study concluded that addition of Cu2+-

exchanged montmorillonite (MMT) enhanced (P < 0.05) the apparent digestibilities of crude 

protein, dry matter, crude ash and ether extract and the activities of amylase, total protease, 

alkaline phosphatase and lipase, as compared with the control group (Hu et al., 2008). 

The  data  obtained   with  Nile  tilapia  may suggest that individual essential amino 

acids (EAA) coefficients of digestibility   would  be  a  more  useful  index than ADCp  

alone  for a more  accurate assessment of protein quality. The digestible EEA pattern closely 

reflects the ADCp, but subtle differences in each AA are inevitable within specific 

ingredients because of the complex interactions within the gastrointestinal tract. Although 

non-significant, addition of 0.5% 4TX clay in the diets showed highest digestibility of all the 

EAA except the methionine where a significant difference observed in all the three treatment 

groups with highest digestibility in 0.5% 4TX group (97.63±0.59) and lowest in 1% 4TX 

group (83.30±8.17) as compared to control group (95.97±3.50). The low EAA digestibility 

of tilapia with 1% 4TX supplementation over 0.5% 4TX are in agreement with the low % 

weight gain in 1% 4TX PM (782.0±15.3)  and 1% 4TX WD (842.4±69.3)  over 0.5% 4TX 

WD group (890.2±45.1) in Nile tilapia ( Unpublished results of my trail I) . The higher EAA 

digestibility at 0.5% 4TX level over 1% 4TX are in agreement with the studies of  Phillips et 

al. (1995) concluding that in the literature Zn, Mn, vitamin A and riboflavin had been 

evaluated as indicators of nutrient utilization, showing that at 0.5% clay addition did not 

cause significant impact.  

Velazquez, (2010) evaluated the efficacy of 4TX clay in chicken against AFB1 

contaminated diets and concluded that in the AFB1 free diets, clay may bond to the nutrients 

present in the diet and hence decreasing the digestibility of these essential nutrients and 

resulted in poor growth performance of tilapia. The 0.5% addition of clay to the diet 

represents a same percentage of reduction in nutrient density, which can affect body weight. 

Additionally, due to the high adsorptive capacity of smectites there is a potential of the clays 

adsorbing some essential nutrients. These results are in line with the findings of the present 

study in which 1% 4TX clay supplementation reduced the apparent digestibility’s of crude 
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protein, crude lipid and of essential amino acids in Nile tilapia as compared to control group. 

Trial III 
          Trial III was regarding the “Evaluation of 4TX supplements on growth performance 

of Nile tilapia in semi-intensive culture conditions fed AFB1 and 4TX supplemented diets”. 

In intensive aquaculture, the features of administrated feed play a main role being the major 

alimentary source involved with the fish growing and their nutritional requirements. 

Increased use of vegetable sources in aquafeed may have adverse effects on fish welfare for 

the high risk of aflatoxin contamination in plant materials, especially in subtropical and 

tropical areas. Moreover, the presence of aflatoxins decrease the nutritional value of 

administrated feed in fish farm, both affecting the fish welfare status and the product quality 

(Hassan et al., 2010; Naylor et al., 2009). Therefore, it is necessary to evaluate the fish 

aflatoxicosis in farming systems, as well as the potential hazard of fish consuming.  

          The results of determination of the effects of clay as a mycotoxin binder on the health 

condition and performance of Oreochromis niloticus revealed that higher survival rate was 

recorded in control group. This means that the total mortalities recorded were lower among 

the group fed on feeds treated with only clay as a mycotoxin binder. The treatment with 2 

mg AFB1+ 1.0% 4TX PM showed minimum % survival (66.67±3.82) as compared to other 

three treatments without AFB1. Control group showed maximum % survival (87.50±2.50A). 

The beneficial effect of bentonite on fish have been reported by Schazmayr et al. (2004) and 

Sean et al. (2006) that the use of clay interfere with the toxic effect of mycotoxins which 

may be reflected on the higher survival rate in comparing with the control group. Moreover, 

the higher performance parameters including, the weight gain, feed efficiency in 

Oreochromis niloticus fed on feed treated with clay in comparing with AFB1 containing 

group reflect the negative effect of aflatoxins on these parameters, also it explained the 

positive effect of using clay as a mycotoxin binder in prevention of the drawbacks resulted 

from the presence of these mycotoxins.           

           Plant ingredients have a higher potential than animal ingredients for contamination 

with aflatoxins. Studies on the Nile tilapia (Oreochromis niloticus) showed reduced growth 

rates when tilapia was fed diets containing 1.8 milligrams (mg) of AFB1 per one kilogram 

(kg) of feed for 75 days. In addition, tissue abnormality or lesions in the livers of this tilapia 

showed the beginnings of cancer development. Another study (Tuan et al., 2002) tested 
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effects of varying concentrations of AFB1 on 2.7 gram Nile tilapia. Fish fed diets that 

contained 2.5, 10, or 100 mg AFB1 per kg of feed for 8 weeks had reduced weight gain and 

reduced red blood cell counts. Fish fed the 10 mg AFB1 per kg feed had abnormal livers. 

Those fed 100 mg AFB1 per kg feed had weight loss and significant damage to the liver, and 

60 % of these fish died by the end of the experiment. The results of present study regarding 

the proximate composition revealed that there observed a non-significant difference 

(p<0.05) in % dry matter, % moisture, % ash and % protein among all the treatments. While 

there observed a significant difference (p<0.05) in % lipid values among all the treatments 

with highest in control (5.927±0.39) and lowest in 2mg AFB1+1% 4TX PM group 

(4.617±0.27).  

           Other studies have shown that tolerance levels for tilapia can vary with the 

production system. In green water and flow through systems, the presence of aflatoxins at 

25 to 30 parts per billion (ppb) in the water decreased growth without any noticeable signs 

of mortality. However, in cage culture, concentrations of aflatoxins above 5 ppb in the water 

caused an increase in mortality rates (Russo et al., 2013; Tuan et al., 2002). The findings of 

our study are in accordance with the work of above mentioned studies. The 4TX 

supplemented diets having no AFB1 showed better growth performance with maximum in 0 

mg AFB1+0.5% 4TX WD group (328.6±24.65) and minimum in 0 mg AFB1+1% 4TX WD 

group (271.2±29.39) as compared to AFB1 treated group (222.3±57.86).  

           From the results of all the three trials, it is concluded that a mycotoxin binder such as 

4TX if utilized effectively could reduce exposure to AFB1, thereby preventing 

bioavailability and subsequent effects, such as immunosuppression, liver damage and 

decreases in growth parameters in Nile tilapia. Further research is needed to develop the 

effective dosing methods of 4TX clay in the diets. With the addition of 4TX clay in the 

diets, tilapia showed an increase in nutrient digestibility which could explain the better 

growth performance of tilapia with the clay in trial I. Trial III were conducted to test the 

protective effect of 4TX clay against AFB1 toxicity in semi-intensive culture conditions. 

Although not so effective as under control conditions, 4TX alleviated the AFB1 toxicity in 

Nile tilapia cultured in earthen ponds. So, decreasing the incidence of aflatoxicosis in farm-

raised fish would ultimately prevent economic loss for the industry. 
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Chapter-6 

                                                                                          SUMMARY 

         The development of pharmaceutical products are usually targeted for the treatment of 

a specific illness; however many, of these medications are useful in other clinical 

applications. For example, aluminosilicate clays have been used as “ancient medicine” for 

centuries on all continents to mitigate diarrhea as well as neutralize a variety of toxins. One 

of these aluminosilicate clays (4TX) has been reported to prevent mycotoxin-related illness 

and mortality in poultry and exposures from aflatoxin-contaminated diets in humans 

(Velazquez, 2010). The purpose of this research was to explore the ability of 4TX clay to 

prevent aflatoxicosis in farm-raised fish. Additionally, the impact of 4TX on the immune 

response, nutrient digestibility and the residues of AFB1 in tilapia muscle tissues were also 

assessed.  

Aflatoxin contamination is a main public health concern, especially in developing 

countries within the tropical and semitropical regions of the earth, where 4.5 billion people 

and their animals are frequently and extremely exposed. The aflatoxins have been reported 

to cause development of hepatocellular carcinoma and altered immune responses from both 

innate and adaptive systems. Aflatoxins have also been associated in growth inhibiting in 

multiple species including fish. Globally, the contamination of susceptible crops with 

mycotoxins causes severe economic losses each year (Wu, 2004). Therefore, there is a need 

to develop field-practical and effective pre- and postharvest intervention strategies that 

could potentially decline agricultural losses and impact animal and human health. The major 

problem with AFB1 exposure in the aquaculture industry is the lack of documented 

mycotoxin levels in fish feed. Trends to incorporate more plant-based feed ingredients in 

aquaculture feeds have increased the risk for mycotoxin contamination; however, limited 

information is available regarding AFB1 levels in fish feed. Additionally, sensitivity to 

AFB1 varies widely between fish species. For example, rainbow trout and hybrid sturgeon 

are cited as two of the most sensitive species, whereas catfish are known to be more 

resistant (Jantrarotai, 1990; Raghavan, 2011; Jackson, 1968). Incorporation of a mycotoxin 

sorbent into the feed, such as 4TX clay (or similar montmorillonites), could prevent 

bioavailability and associated toxicity of AFB1 in farm-raised fish. In addition to rescuing 
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farm-raised fish from toxicity, this clay-based intervention strategy may also have an impact 

on the size and quality of the fillet since aflatoxins are known to bioaccumulate in fish 

tissues (El-Sayed, 2009). Regions in Africa, India and eastern Asia utilize fish as a main 

source of animal-based protein, but are well-known to have issues with mycotoxin 

contamination (Naylor, 2000). By reducing AFB1 exposure in fish, human exposure will 

also be decreased, especially in geographic regions with frequent mycotoxin contamination 

and high fish consumption.  

The present study was therefore planned to alleviate the AFB1 toxicity by using 4TX 

clay as mycotoxin adsorbent and its effect on growth and immune response in Nile tilapia 

(Oreochromis niloticus). For this purpose three trials were conducted. Trial I was regarding 

the “Alleviation of AFB1 toxicity by 4TX bentonite clay supplementation and its effect on 

health performance and immunity in Nile tilapia (Oreochromis niloticus)”. Two levels of 

4TX clay (0.5 and 1%) were assessed against 2 and 4 mg/kg AFB1 contaminated diets along 

with control group. The efficacy of 4TX clay was also compared in terms of its inclusion 

type in the diets. In one treatment the clay was dispersed (denoted as WD in the treatments) 

in water first, kept it overnight in an orbital shaker and then supplemented in the remaining 

ingredients of the diet. In the second treatment the powdered clay (denoted as PM in the 

treatments) directly supplemented with the remaining ingredients of the diet. Ten treatments 

were randomly assigned into triplicate 110L glass aquaria with 12 juvenile tilapia in each 

aquarium for a period of 12 weeks. The results of the study showed significant difference in 

% weight gain and feed efficiency among all the treatments (Pr> 0.05). Control group 

showed maximum % weight gain (975.5±29.2) and the treatment 4mg AFB1+ 0.5% 4TX 

WD showed minimum growth response (661.5±63.4). Overall, AFB1 negatively impacted 

the growth of Nile tilapia regardless the inclusion of 4TX clay. Residues of AFB1 in tilapia 

muscle tissues were also observed in 4mg/kg AFB1 supplemented treatments.  

Trial II was planned to ‘Examine the effects of 4TX clay supplements on nutrient 

digestibility of tilapia’. Trail II was also conducted in 110L glass aquaria with 20 tilapia 

(Avg. weight 20g) in each aquarium. Two levels of the clay 0.5 and 1% were tested along 

with control having the basal diet only. The fecal material were syphoned using the fine 

mesh net. Apparent digestibility coefficients of dry matter, crude protein, crude lipid and 

amino acids were calculated. The results showed that 0.5% 4TX level increased the amino 
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acid digestibility as compared to control and 1% 4TX supplemented levels.  

Trial III was regarding the “Evaluation of 4TX supplements on growth performance 

of Nile tilapia in semi-intensive culture conditions fed AFB1 contaminated diets”. The study 

was conducted in earthen ponds for a period of 12 weeks. Four most effective treatment of 

trial I in terms of weight gain and meat quality were tested in semi-intensive culture 

conditions. The results showed the similar trend in growth performance of tilapia as 

observed in trial I exhibiting the maximum % weight gain in control group (421.9±29.83) 

and minimum in 2mg AFB1+1% 4TX PM group (222.3±57.86). 

 

           So, on the basis of above mentioned experimental conditions and results the 

following conclusions were drawn; 

 

 Regardless the inclusion of 4TX bentonite clay in the diets, overall AFB1 has 

negatively impacted the growth and health performance of Nile tilapia. 

 Clay additives (4TX) effectively alleviated or prevented AFB1 toxicity and enhanced 

growth in tilapia. 

 The clay (4TX) inclusion type Powder mix (PM) showed better growth in terms of 

% weight gain (774.89±38.79) over Water dispersal (WD)(752.58± 38.63) when 

incorporated with AFB1, while in the absence of AFB1, it also showed negative 

effect on the growth performance of tilapia. 

 When incorporated alone, 4TX also negatively impacted the growth performance of 

tilapia in all the three treatment combinations (0.5% WD, 1.0% WD and 1.0% PM). 

 1% 4TX PM level has most lethal effect on growth performance (782.0±15.30) of 

tilapia as compared to 0.5% WD (890.2±45.1) and 1.0% WD (842.4±69.3) levels. 

 Clay supplementation in diets increased nutrient digestibility in tilapia. 

 Apparent digestibility values for dry matter, protein and lipids in all the three 

treatment groups are almost same while, 

 In control group, the following values of apparent digestibility for dry matter 

(74.39±0.82), protein (86.04±1.24) and lipids (70.98±5.23) were observed 

 In 0.5% 4TX PM group, the following values of apparent digestibility for dry matter 

(74.86±0.61), protein (85.44±1.23) and lipids (69.35±6.92) were observed 
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 In 1% 4TX PM group, the following values of apparent digestibility for dry matter 

(74.53±0.32), protein (84.30±2.26) and lipids (68.64±2.40) were observed 

 0.5% 4TX supplement group showed better amino acid digestibility over 1.0% 4TX 

and control group. 

 The results of trial III showed the similar trend in growth performance of tilapia as 

observed in trial I exhibiting the maximum % weight gain in control group 

(421.9±29.83) and minimum in 2mg AFB1+1% 4TX PM group (222.3±57.86). 
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