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CHAPTER 1 

INTRODUCTION 
 

Increasing the health and productivity of birds is a primary goal of investigators and 

producers in the field of the poultry industry. Generally, in the world over, there is much attention to 

increased animal protein in order to meet its higher demand for human consumption. 

           The poultry sector has experienced a very rapid growth. This industry is a source of 

income for 1.5 million people in Pakistan. More than 700 billion Rupees have been invested in Poultry 

Industry. The poultry industry is serving as backbone of the agriculture sector, as manyagricultural 

residues (7 million metric tons) are being consumed by this industry. The poultry sector provides thirty 

one percent of the total meat produced in the country. This industry shows an estimated growth rate of 

7.0 percent per annum. During year 2016-2017, the contribution of poultry industry is 1.4 percent in 

GDP, 7.1 percent and 12.2 percent respectively in agriculture and livestock. The poultry value added 

cost is Rs.162.8 billion (2016-17) compared to Rs. 151.1 billion (2015-16) showing an increase of 7.7 

percent (Economic survey of Pakistan 2016-2017). 

          Due to the increased demand for poultry meat and eggs, the private sector has played a 

pivotal role by introducing  new technologies and strategies. They build poultry businesses controlled 

by local poultry producers. Reductions in input costs is one of the primary goals for a profitable poultry 

industry.  A major input in poultry industry is feed constituting almost 70-75% of total cost of broiler 

production. Quality of feed is a very important parameter, as low quality and substandard feed may 

result in low production causing losses to poultry producers (Agawane and Lonkar, 2004). 

           The primary focus in poultry sector is to provide a good quality feed with ingredients 

to support the growth, flesh quality and health of animals at an economical cost. In order to full fill the 

dietary requirement of birds, the diet must provide the correct balance of nutrients, any anti-nutritional 

components should be below concentrations that would retsrict the performance and growth of the 

animals. Anti-nutritional factors can be natural contaminants of feedstuffs, such as mycotoxins that are 

one of the natural toxins (Guerre et al. 2000). 

Toxigenic Fungi grow on stored agricultural commodities and produce mycotoxins (Abdallah 

et al. 2015; Bhatti et al. 2016). Presence of Molds (Fungi) in poultry feed are a reason of significant 

economic losses. Molds alter the nutrient composition of feed, decreasing the efficiency of nutrient 

utilization and their secondary metabolites called mycotoxins adversely affect the production of poultry 

industry (khan et al. 2017). 

          Presence of mycotoxin in poultry feed indicates a worldwide issue. Mycotoxins are 

unendureable contaminants responsible for harmful effects upon the health of animals and humans.  

Almost five hundred different types of mycotoxins are discovered (Nemati et al. 2015).  

 Mycotoxins are toxic fungal secondary metabolites produced in poultry feed under 

improper storage conditions such as moisture and temprature. The presence of microorganisms in 

animal feed can affect feed quality in numerous ways including altered nutrient composition and 

reduction in dry matter and the worst produce toxins. Animal Feed and food are important carriers for 

pathogens (Maciorowski et al 2007). Presence of mycotoxin in poultry feed can be harmful to poutry 

industry due to reduction in weight gain, Poor FCR and animal mortality. Mycotoxins such as 

aflatoxins and ochratoxins are the most harmful and well studied mycotoxins. These toxins are mainly 

produced by fungi of genus Aspergillus, although some other species of fungi from genera Rhizopus 

and Penicillium also produce those toxins (Saleemi et al. 2017).  
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       Several toxigenic fungal strains of Aspergillus (Ghosh et al. 2015) and Penicillium are 

involved in the production of ochratoxin. The level of the existence of ochratoxin A producing fungi 

varies according to the ecological areas. The Penicillium species which produce OTA, Penicillium 

verrucosum, is a common fungus produced during storage and is the cause of OTA production in feed 

crops in the cold temperate regions such as eastern and north western Europe, Canada and South 

America. It grows at less than 30°C temperature and at a lower humidity (Cole et al. 2003). Aspergillus 

ochraceus is the top most specie of ochratoxin –procreating Aspergillus. Its optimum growth was 

obtained at  25-30°C temperature range and at a high humidity and is a major source of OTA 

contamination in cereal and grain products. It contaminates coffee beans generally during sun-drying 

process, leading towards OTA contamination in green coffee (Vega et al. 2006). Aspergillus 

carbonarius is extremely resistant to sunlight and persists during sun-drying process since it has black 

spores and hence can survive and grows at high temperature ranges. It is related with ripening of fruits 

and is the vital source of ochratoxin A contamination in grapes, dried vine fruits, wine, as well as in 

coffee (Frisvad et al. 2004). 

          Ochratoxin has three main types, that is, Ochratoxin A (OTA), ochratoxin B (OTB) 

and Ochratoxin C (OTC). Of these, OTA has potent nephrotoxic, immunotoxic,  and carcinogenic 

effects (Paola &Marco, 2015). Ochratoxin A is a major cause of loss to the poultry industry due to its 

effects on productive performance (Agwane and Lonkar, 2004). It also induces alteration in the 

biochemical parameters (reduction in, hematocrite, haemoglobin, blood cells, serum total proteins; 

whereas the uric acid, creatinine, liver enzymes were increased). It disturbs protein synthesis, 

carbohydrate and lipid metabolism blood coagulation and hormones. Furthermore, weights and 

histology of vital organs like livers and  kidneys were altered. Ochratoxin A is also characterized as 

severe immunsuppressive in avian species (Politis et al. 2005 Elaroussi et al. 2006 and 2008 El- 

Barkouky et al. 2010). 

        The presence of OTA in poultry feedstuffs appears to create a severe hazard for the 

native poultry industry (Anjum et al. 2011). Ochratoxin A has those nephrotoxic, neurotoxic, 

mutagenic, immunosuppressive, hepatotoxic and teratogenic properties in several species of animals 

(Iqbal et al. 2014). The carcinogenic property in mice and rats was responsible for tumours of the liver 

and kidney (Guillamont et al. 2005). 

Due to the high toxicity of OTA, it is imperative to find definitive, technological, biological 

and industrial procedures for elimination of OTA from poultry food and feedstuffs (Amezqueta, S. et 

al. 2009). Various methods are presented for detoxification and removal of mycotoxins which can be 

classified as chemical, physical and microbiological processes (Varga & Toth. 2004). Chemical and 

physical methods involve varying degrees of success, as the OTA toxicological safety of final product 

produced is not confirmed (Zpinar, H. et al. 2002). 

          The biological strategies involve micro-organisms, that can decompose, convert or 

adsorb Ochratoxin A to decontaminate food and feed commodities or to prevent the toxicological 

effects upon consumption (Abidin et al. 2012). 

           One of the most promising approach for overcoming mycotoxin hazards in livestock 

and poultry is the use of certain materials that could adsorb mycotoxins, which can be used to minimize 

their bioavailability in the gastro-intestinal tract (GIT) and reduce their harmful effects on animal’s 

health (Hashmi et al. 2006). An effective approach for detoxification of mycotoxin in animal feedstuff 

is the usage of functional food which involves valuable microorganisms, which can bind mycotoxins in 

the GIT, thus minimizing the amount of their absorption in the blood stream, as well as level of toxicity 

(Ramos and Hernandez, 1996). Several inorganic toxin binders, such as aluminosilicate and organic 

binders such as  yeast and lactic acid producing bacteria (LAB) are used in the feed to reduce the 
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harmful effects of these mycotoxins on broilers (Chen et al. 2016; Huwig et al. 2001; Khan et al. 2010, 

2014a).  

Distillery yeast sludge is a by-product of alcohol production industry (Khan et al. 2017). The 

brewing industry is producing a lot of organic waste and is currently being insisted to decrease the 

organic waste of its effluent, because of the increment in size of brewing industry and decrease in 

number of small brewing industries, Wastes are now concentrated in fewer locations. Organic waste 

includes excess yeast sludge in addition to other waste by-products. Distillery yeast sludge (DYS) is 

also named as spent yeast and trub (Sharif et al. 2012). 

Yeast sludge includes three important species of yeasts, that is, Saccharomyces cerevisiae, 

Candida guilliermondii and Candida parapsilosis (Valentino et al. 2015). So, it is a very good source 

glucomannans present in yeast cell wall, glucomannans are involved in the adsorption of mycotoxins. 

Distillary yeast sludge improves the productive performance of the broilers fed with aflatoxin 

contaminated feed (Hashmi et al. 2006). The distillery yeast sludge reduces the deleterious effects of 

OTA (Mujahid et al.  2012).  

Whey is the liquid left over during cheese making process. Its components are 

immunoglobulin, lactoferrin, lactoperoxidase enzyme, alpha lactalbumin and minerals.  Whey is dietary 

protein that provides immune modulation, muscles growth and antimicrobial activity. Whey has 

antioxidant activity due to cysteine rich protein that helps in the formation of glutathione an antioxidant 

(Walzem et al. 2002). Other studies show that whey protein increase in-vivo antibody production and 

enhance lymphoid cell proliferation (knowless and gill 2002). 

          Whey is a beneficial waste product because of   its high nutritive value, and presence 

of disaccharide lactose. Lactic acid bacteria utilize lactose (milk sugar) for its metabolism and produce 

glucose and galactose, and then during lactic acid fermentation glucose is converted to L (+) lactic acid 

(Pijanowski, 1982). Inclusion of  dried whey in poultry feed has a beneficial effect on growth and 

performance in broilers (Gulsen et al. 2002). Lactobacillus are the beneficial bacteria present in the 

digestive tract of birds that utilize lactose as their source of energy. Therefore, it seems that acid whey 

improves the immunity, survival rates, and increases the growth of beneficial bacteria present in the 

gastrointestinal tract of bacteria because it is a natural prebiotic. The only problem is the fact that birds 

do not have the enzyme lactase (β-galactosidase) necessary for the hydrolysis of lactose into its 

component monosaccharides. So, Lactose is hydrolyzed by bacterial enzymes (Barteczko, 1996). Dry 

whey powder is a viable ingredient in poultry feeding because it improves the growth of chicken, and 

modulate the cecal microbiota. The presence of a greater abundance of beneficial bacteria like B. fraglis 

L. salivarius and S. flexinari improves productive performance and FCR (Pineda-Quiroga et al. 2017). 

Whey was used to reduce the drastic effects of OTA on cultured Oreochromus niloticus and 

it was observed that whey improved the biochemical parameters such as liver function tests and renal 

function tests. It also improves the histopathological findings in OTA effected Oreochromus niloticus 

(Mansour et al. 2011). Effects of whey on ochratoxicosis in Broilers have not been studied to date 

(2019). 

         Therefore, the present study was designed to study the changes on Broiler performance, 

Biochemical and histological parameters associated with ochratoxicosis induced in broiler chicks by 

feeding them with a diet containing known concentration of OTA at level of 200ppb. In addition, to 

determine the protective effect of food industry by products such as yeast sludge, yeast sludge cell mass 

(YSCM), yeast sludge cell wall (YSCW) and whey against harmful effects of OTA on broilers
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CHAPTER 2 

REVIEW OF LITERATURE 
 

In Pakistan poultry feeds of different feed mills contain ingredients that are suitable for the 

growth of fungi. This is due to improper handling of ingredients and poor storage conditions, and 

inappropriate methods of feed utilization. Therefore, feed is likely to be contaminated with 

mycotoxins. 

Moulds grow on plants in the field (pre- or post- harvest) or during the storage period. 

Mycotoxins are produced as a result of contamination of agricultural products with molds. They 

have harmful effects on living organisms consuming the contaminated product. Mycotoxins cause 

deleterious effects on humans and animals and may prove fatal for animals if consumed above safe 

level (Pfohl- Leszkowicz, 2000) 

2.1 Historical Aspects of Mycotoxicosis 

The word mycotoxin is derived from Greek word ‘mykes’ meaning mould, and the Latin word 

‘toxicum’, which means poison (Cheeke and Shull, 1985). Mycotoxicoses history can be traced back 

nearly 3000 years there were plagues in Greece, Egypt, and other parts of Europe due to intake of 

food contaminated with fungus (Schoental, 1994 and Peraica et al. 1999). The presence of 

ochratoxin A was also suspected in Egyptian tombs, causing mysterious deaths of several 

archaeologists (Pittet, 1998). Ergotism was one of the first known diseases in humans caused by 

mycotoxins produced by a fungus known as ergot (Varga and Teren, 1999) causing several deaths in 

France. The outbreak was due to ingestion of rye contaminated with ergot. In 1960, there was an 

outbreak case of “Turkey-X disease” in England the disease was known as causing death to 100,000 

turkeys. Dead birds had a severe liver necrosis and biliary hyperplasia after consuming 11 

contaminated Brazilian groundnut (peanut) meals. The peanut meal was found to be contaminated 

with Aspergillus flavus subsp parasiticus. Peanut meal was confirmed to contain mycotoxins after 

chemical analysis, it contain toxic compounds that gives fluorescence under UV light. These 

compounds were later named as aflatoxins as the causative agent of "Turkey-X disease" (Bradbum et 

al. 1994). The appearance of aflatoxicosis in Great Britain in 1960 established the importance of 

mycotoxins to human and animal health and stimulated active search for other possible toxic fungal 

metabolites. After the discovery of aflatoxins another major group of mycotoxins was isolated and 

characterized as ochratoxins. The discovery of toxicity produced in corn by Aspergillus ochraceus 

has led to the discovery and isolation of ochratoxins in 1965 in South Africa during laboratory 

studies (Scott, 1965); for new toxic metabolites from molds. At the time of discovery, there was no 

connection with human and animal diseases, and subsequent studies revealed the involvement of 

ochratoxin with human and animal diseases. 
Van der Merwe et al. 1965 discovered ochratoxins as mycotoxin produced by Aspergillus 

ochraceus, the mould from which it was first isolated, hence the name. This mycotoxin was obtained 

from strain K-804 isolated from sorghum grain in South Africa. It was extracted and purified. Three 

chemically related metabolites were isolated and characterized as ochratoxin A, B and C. It was 

reported that the main toxic compound and abundant of these metabolites was ochratoxin A (OTA). 

Penicillium and Aspergillus genera are mostly responsible for the production of ochratoxin A 

(IARC, 1993). In cold regions, Penicillium strains namely Penicillium verrucosum is the major 

producer of OTA (Castella et al. 2002), while in tropical and subtropical regions, ochratoxin A is 

mostly produced by Aspergillus species namely A. ochraceus (WHO/ FAO, 2001). The production 
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of ochratoxin A, B and C had been found in other species of Aspergillus ochraceus group namely A. 

ostianus, A. alliaceus, A. melleus , A. petrakki, A. sclerotiorum and A. sulphureus (Teren et al. 1996 

and Mitchell et al. 2004 ). However, since previous review on ochratoxins in which they were 

classed as Aspergillus toxins, ochratoxin A had become established as metabolites of six additional 

species of Penicillium namely, P. viridicatum, P. cyclopium, P. purpurescens, P. variable and P. 

palitans (Scott et al. 1965). Ochratoxin A had gained significance through the possibility of being 

involved in Endemic Balkan Nephropathy in human, a chronic kidney disease associated with 

tumors of the renal system, this disease remarkably reduced the size and function of the kidney, its 

more common in women than in men and can in some cases lead to death (Krogh et al. 1977). 

2. 2 Chemical structure and chemical and physical properties of ochratoxins 

2.2.1 Chemical structures 

Chemically, Ochratoxin A is chlorine involving dihydroisocoumarine connected to L-

phenylalanine. It is crystalline in nature with chemical formula C20H18O6NCl, having 403.822 Da 

Molecular weight. The melting points of OTA are 94-96 °C and 169 °C when crystallized from 

benzene ( oss 199  and  o hler 1998). They also discovered that OTA on hydrolysis gave L-

phenylalanine (C11 H9 O5 Cl). Steyn and Van der Merwe 1966 described ochratoxins as derivatives 

of dihydro isocoumarin and designated them A, B and C due to different fluorescent spots after TLC 

(Thin Layer Chromatography). They also discovered that OTA is the most potent toxin and contains 

chlorine. Nesheim 1967 later on discovered that OTB has no chlorine and that OTC is the ethyl ester 

of OTA. Several forms of ochratoxins were found in nature (Table 2.1)  

 

 

 

Table 2.1 Molecular formula of the major ochratoxins (Betina, 1989) 

Major ochratoxins Molecular formula Molecular weight 

Ochratoxin A C20H18O6NCl 403.8 

Ochratoxin B C20H19O6N 369.3 

Ochratoxin C C22H22O6NCl 431.8 

4-hydroxy-ochratoxin A 

(4-OH OTA) 

C20H18O7NCl 419.5 

Ochratoxin alpha (OTα)  C11H9O5Cl 256.5 

 

Ochratoxins comprise of OTA, OTB and OTC, esters of OTA and OTB, 4-O  OTA and OTα, 

(Figure. 2.1). 
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Fig. 2.1 Structural formula of ochratoxin A, B and C (Azhar et al. 2017) 

 
Fig. 2.2 Composition of metabolites derived from Ochratoxin A (Khoury and Atoui, 

2010)  

2.2.3 Physical Properties of ochratoxin A 

OTA is crystalline in nature and soluble in organic solvents. Therefore it can easily cross 

biological membranes. It crystallizes from xylene in a pure form. OTA exhibits blue fluorescence 

under UV light, but the UV range varies with pH and polarity of solvent (Pohland et al. 1982 and 

Scott 1996). OTA in ethanol gives fluorescence under ultraviolet 213 and 332 nm. (Steyn and 

Holzapfel 1967) 

2.2.4 Chemical Properties 
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OTA can be hydrolyzed by enzymes carboxy peptidase A or chymotrypsin (Pitout and Nel, 

1969). Treatment of OTA with acid catalyst yields the methyl ester (Nesheim, 1969). On hydrolysis, 

OTA breaks down into phenylalanine, and the isocoumarin part, a cleavage product known as 

ochratoxin alpha, was also present in the intestines, feces, urine and liver of animals experimentally 

fed with OTA contaminated diets (Galtier et al. 1976). Ochratoxin A can be hydrolysed by certain 

proteases into phenylalanine and chlorinated dihydroisocoumarinic moiety (OTα), which was also 

genotoxic in nature. A small amount of absorbed OTA is also converted into hydroxyochratoxin A 

(OH-OA) by liver microsomes (Follmann et al. 1995). 

The OTA metabolism involves different mechanisms including hydrolysis and hydroxylation 

in some species, in many studies it involves conjugation and lactone opening. OTA is metabolized in 

liver to OTα by carboxypeptidase present in the intestinal epithelium.  any other metabolites were 

produced by hepatic microsomes of different species. In human it was metabolized to 4(R)-OH-

OTA, 4(S)-OH-OTA, 5′-OH-OTA, 7′-OH-OTA, 9′-OH-OTA, OTB, and in monkeys OTα, 4(R)-OH-

OTA, 4(S)-OH-OTA, and OTB. In chickens in vitro studies shows that it was metabolized by kidney 

cells to 4(S)-OH-OTA, 4(R)-OH-OTA, 5′-OH-OTA, 7′-OH-OTA, 9′-OH-OTA, OTB and in vivo 

4(S)-OH-OTA, 4(R)-OH-OTA, 5′-OH-OTA7′-OH-OTA, 9′-OH-OTA and OTB (Yang et al. 2015). 

2.3 Estimation of Ochratoxin A 
The frequent contamination of food with mycotoxin has been considered as a potential danger 

to human/animal health because of their toxic and carcinogenic effects. A well grounded method for 

the estimation of mycotoxin in feed relies on their ability to quantify minute amounts of toxin 

present in feedstuff. Most of the detection methods for mycotoxins are immunoassays, confirmation 

of OTA can be achieved with more sophisticated methods like GC/MS or LC/MS ( Zollner and 

Helm,  2006). 

Reversed-phase high-performance liquid chromatographic was utilized for the quantification 

of OTA. OTA was extracted by using octadecylsilane cartridges (solid phase extraction) and samples 

were concentrated prior to chromatography with isocratic elution and fluorimetric method. The 

method was evaluated for accuracy and precision with standard deviations less than 10%. Higher 

than 80% recoveries of ochratoxin A were obtained in the assays and it was concluded that 

octadecylsilane cartridge method was better and more accurate method as compared to other 

published methods such as immunoaffinity columns or solvent extraction techniques (Jornet et al. 

2000). 

A study was conducted to assess ochratoxin content in different feed samples. It was reported 

that 36 samples were contaminated with ochratoxin out of 156 samples. The maiz was found to have 

highest concentration (84.4 µg/kg) while millet has the lowest concentration (5 µg/kg). It was 

observed that 77% samples do not contain ochratoxin and 23% has detectable levels of OTA. These 

results have suggested that improper methods of food processing and production must be avoided 

and proper harvesting and storage of feed should be done (Zafar et al. 2001). 

Solvent, temperature, pressure and time for extraction of OTA was determined and optimized 

the condition for PLE. It was found that best solvent for extraction was methanol, 5-min cycle, 

Temperature 80 °C and a pressure of 2000 psi. By applying these conditions recovery of OTA was 

ninety two percent. Limit of quantification was 0.0  μg/ kg (Osnaya et al. 2006). 

Twenty yeast strains of Kloeckera apiculata and Saccharomyces cerevisiae and were analyzed 

for there interaction with ochratoxin A during alcoholic fermentation by HPLC-FLD. It was 

determined that Yeast cells are not involved in reduction of OTA during alcoholic fermentation. 

(Angioni et al. 2007) 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/hydrolysis
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/lactones
https://www.sciencedirect.com/science/article/pii/S0278691518300024?via%3Dihub#bib120
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Ochratoxin A was found to be a very stable molecule and can be extracted by using high 

temperatures up to 150 °C in microvawe assisted extraction. OTA can be extracted in less then 30 

minutes using PLE at a temperature of 100 °C. Quantification of ochratoxin A was done by HPLC 

combined with FLD (Liazid et al 2007). 

 

Ochratoxin A levels
 
in commercially available feed sample was determined by using HPLC 

and flourometric detection technology and it was observed that hens fed on OTA contaminated feed 

have gross and microscopical
 
lesions in Liver and kidney and ochratoxin residues were also present 

in liver (3.7-5 ppb, average 4.43 ppb)  and kidney (9-17ppb,
 
average 13.65ppb),  but no ochratoxin 

could be detected in other tissues (Bozzo et al. 2008). 

2.4 Toxicity of Ochratoxin 

Several mycotoxins were found in agricultural commodities, out of which some mycotoxins, 

e.g ochratoxin A (OTA) shown to be carcinogenic (Council for Agricultural Science and 

Technology, CAST, 1989). 

Ochratoxin A and its hydroxyl derivatives are poisonous when ingested by GIT of livestock 

(pigs, poultry) and humans. In most species of animals, OTA is absorbed from the stomach due to its 

acidic characteristics. Moreover, absorption of OTA also takes place in the small intestine 

predominantly in the proximal jejunum part. In non-ruminant species of animals such as mouse, 

hens, pigs and rabbits, about half of the consumed ochratoxin A is absorbed by the stomach. The 

absorbed OTA enters systemic circulation, metabolized by kidney and Liver to ochratoxin α and 

other less toxic metabolites. Its metabolism takes place at different sites in various species, and a 

considerable amount of OTA is excreted unchanged (Galtier, P. 1978). 

Toxicity of OTA is directly or indirectly linked to inhibition of protein synthesis in vitro and in 

vivo at reaction catalyzed by phenylalanine-transferase and phenylalanyl tRNA synthetase due to its 

phenylalanine moiety (Creppy et al. 1980, 1983b and 1986). Due to disruption of protein synthesis 

activity of several cellular enzymes were impaired (Meisner and Krogh 1986 and Meisner and 

Polsinelli 1986). 

 Ochratoxin A impairs calcium homeostasis leading to increased intracellular calcium causing 

changes in the metabolic activity of the cells and also affects calcium sensitive channels (Pfohl-

Leszkowicz et al. 1991 and 1993).  

OTA causes single stranded breaks in DNA and DNA adduct formation in Kidney liver and 

spleen and causes gene mutation. (deGroene et al. 1996 and Degen et al. 1997). The toxicity of OTA 

might be a result of inhibition of ATP production, inhibition of protein synthesis or lipid 

peroxidation (Hohler 1998).  OTA causes toxic effects by increasing the process of apoptosis and by 

disrupting mitochondrial respiration (O’Brien and Dietrich 2005). 

There is sufficient research in experimental animals that indicated the carcinogenicity of OTA. 

Dietary feeding of OTA induced kidney and liver carcinoma. Carcinogenic effects on humans are 

not confirmed but are suspected because of the high incidence of different type of carcinomas in 

regions where high levels of OTA was found in blood (IARC, 1993). 

Ochratoxin A has hepatotoxic, carcinogenic, mutagenic and teratogenic effects in animals, 

(Maqbool et al. 2004). Occurrence of toxins in food products like meat, eggs, cheese and milk 

obtained from animal sources are contaminated due contamination of animal feed (Peraica et al. 

2002). It is very important to investigate out quality of poultry products available for human 

consumption and find ways to detoxify food products. 

Exposure of OTA is determined by mycotoxin analysis in edible products and by estimation 

and detection of OTA in serum samples of humans. In European countries data suggest frequent 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T6R-4TW14XP-5&_user=3419781&_coverDate=06%2F01%2F2009&_rdoc=1&_fmt=full&_orig=search&_cdi=5037&_sort=d&_docanchor=&view=c&_searchStrId=1057601747&_rerunOrigin=google&_acct=C000060525&_version=1&_urlVersion=0&_userid=3419781&md5=79918bbf33720659e3cb34a141153fe6#bib18
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T6R-4TW14XP-5&_user=3419781&_coverDate=06%2F01%2F2009&_rdoc=1&_fmt=full&_orig=search&_cdi=5037&_sort=d&_docanchor=&view=c&_searchStrId=1057601747&_rerunOrigin=google&_acct=C000060525&_version=1&_urlVersion=0&_userid=3419781&md5=79918bbf33720659e3cb34a141153fe6#bib20
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T6R-4TW14XP-5&_user=3419781&_coverDate=06%2F01%2F2009&_rdoc=1&_fmt=full&_orig=search&_cdi=5037&_sort=d&_docanchor=&view=c&_searchStrId=1057601747&_rerunOrigin=google&_acct=C000060525&_version=1&_urlVersion=0&_userid=3419781&md5=79918bbf33720659e3cb34a141153fe6#bib20
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contamination of feedstuff with OTA. Limited data is available from under developed countries that 

compare serum concentration of OTA in population. Level of OTA was determined in blood plasma 

samples of healthy controls and patients of bladder cancer by HPLC from Pakistan. Ninety two 

percent in total samples contained OTA. The OTA levels determined in Pakistani population was 

found to be similar to those reported previously by European Union for the general population 

(Aslam et al. 2012). 

2.5 Effects of ochratoxin A on Broilers 

Mycotoxicosis is a cause of concern for the poultry industry, It adversely affect productive 

performance (growth, FC and FCR), meat and egg production, and causing immunosuppression 

resulting in an increased rate of infections. Ten percent reduction in weight of broilers was observed 

in chicks having contaminated diet (Vilar et al. 2008).  

Occurance of OTA in poultry feed has also been reported in Pakistan (Hanif et al. 2006). OTA 

has well established toxicological effects in birds and animals. In poultry it has been reported that it 

causes pathological, immunological and biochemical alterations (Koynarski et al. 2007). 

It was observed that among groups fed with different levels of OTA, intake of water and 

depression was elevated with increasing dietary concentration of OTA. Liver and kidney was found 

to be enlarged and severely damaged in birds fed higher concentration of OTA. Serum Biochemical 

parameters such as activity of ALT, kidney function parameters and serum total protein were 

significantly elevated in OTA fed groups. It was reported that productive performance and serum 

biochemical alteration became more severe with increase in dietary levels of OTA. (Zahoor ul 

hassan et al. 2010) 

Teratogenic defects and embryonic mortalities were found to be increased in the groups fed 

with high doses of OTA. A significant alteration was observed in the serum levels of ALT, 

creatinine and urea. It was observed in ovo exposure to OTA increased teratogenic risks in the 

developing chicken embryos (Zahoor et al 2012). 

Ducklings received diet supplemented with ochratoxin displayed significant reduction in 

performance parameters such as weight gain feed consumed and FCR. Biochemical parameters such 

as CBC, serum Total protein, albumin, globulin, lipid, cholesterol, triglycerides, coupled with 

increased mortality rate was observed (Abo El –Fetouh et al. 2016). 

Maximum permissible level of OTA in poultry feeds is 0.1 mg OTA/kg (European 

Commission Recommendation 2006/576/EC). A study was conducted on male Hubburd broiler 

chickens fed with 0.1 mg/Kg Ochratoxin A in basal diet and a control group. It was found that 

0.1 mg /kg OTA in broiler diet to chicks did not affect the growth, productive performance, 

haematological parameters, weight of organs, liver function enzymes or renal function parameters 

but overall it compromised the immune system of the broilers, with decreased thymus weight and 

adversely altered biochemical parameters such as concentration of serum total protein, albumin and 

globulins (Pozzo et al. 2013). 

Ochratoxin A levels in liver, plasma, and kidney in chicks feed with fattening experimentally 

contaminated diet, and its adverse effect on body weight gain and the FCR was assessed. The chicks 

were offered with different levels of toxin. The quantity of total ochratoxin A in tissue samples 

(liver, kidneys and plasma) were directly linked to the amount of toxin fed experimentally. Plasma 

contain more ochratoxin A then kidney (Vilarl et al. 2008). 

2.6 Ochratoxin Detoxification 

Protection of animals from mycotoxicosis is very important for the livestock sector, the most 

effective method for this purpose is utilization of detoxifying agent mixed with the feed. These 

adsorbents efficiently adsorb mycotoxins in the animal gastro-intestinal tract. There are Different 
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type of organic and inorganic mycotoxin binders available in market, some of its examples are 

aluminosilicate, diatomaceous earth, activated charcoal, yeast, cell wall of yeast and Lactic acid 

producing bacteria (LAB) (Huwig et al. 2001). Yeast has also been found to ameliorate the toxic 

effects of mycotoxins (Stanley et al. 1993).  

Mycotoxin contamination should be inhibited by using different pre and post harvest 

strategies. Drying and storage conditions should be improved to avoid mycotoxin contamination, 

Growth of fungus and mycotoxin production can also be prevented by different detoxifying agents, 

as well as irradiation. The minimum humidity required for the growth of mycotoxigenic fungus is 

almost 17-18%. Temperature is another important factor, maximum Ochratoxin A production occurs 

between 10 to 25°C (Amézqueta et al. 2009). 

The presence of ochratoxin A in the feed adversely affected all performance parameters of 

birds. Presence of Hydrated sodium calcium Aluminium Silicate (HSCAS) as an adsorbent did not 

adversely affect birds, and no interaction was found between HSCAS and dietary OTA. It was 

reported that ochratoxin A in the diet reduced the Growth and productivity of birds and that HSCAS 

did not cause any improvement in these parameters (Santin et al. 2002). 

It was observed that ochratoxicosis in duckling resulted in poor productive performance and 

adversely effected hemato-biochemical parameters beside decreased blood antioxidant; anti-

ochratoxin improved these parameters in duck (Abo El –Fetouh et al 2016). 

The detoxification of OTA by different strains of Lactobacillus was observed and it was 

indicated that Lactobacillus acidophilus CH-5, L. brevis, L. plantarum BS, L rhamnosus GG, and L. 

sanfranciscensis strains caused the highest decrease 50% of the initial OTA content. They concluded 

that only a small quantity of ochratoxin-A could bind to the bacterial biomass (Piotrowaka and 

Zakowaska, 2005). 

The interactions between aflatoxin and ochratoxin were studied along with possible beneficial 

effects of including yeast cell wall to reduce their toxic effects in broilers. It was concluded that 

Yeast cell wall is not significantly effective in reducing the harmful effects of OTA. Relative organ 

weight was not significantly different in treated and untreated ochratoxicated birds. Yeast cell wall 

improved broiler performance when birds consumed feed supplemented with or without ochratoxin 

A (Santin et al. 2006). 

Protective effect of Lactic acid bacteria against two important mycotoxins, namely OTA and 

patulin (PAT) was investigated in human. In vitro Removal of the two mycotoxins by different lactic 

acid bacteria strains was determined by HPLC coupled with fluorescence detection.  Lactobacillus 

acidophilus VM 20 reduced OTA by 95% and Bifidobacterium animalis VM 12 reduced PAT by 

80% and these two strains were found to be highly effective against OTA. Adsorption of of OTA 

was affected by different factors such as amount of toxins, density of cells, pH and growth phase of 

bacteria (Fuchs et al. 2008). 

Raju and Devegowda (2000) evaluated the combined effects of OTA (2 mg/kg), AF (0.3 

mg/kg) and T-2 toxin (3mg/kg) on performance, organ morphology, serum biochemistry and 

hematology of broiler chicks for 35 days of hatch and the efficacy of esterified glucomannan (EG), a 

cell wall derivative of yeast at 1g /kg in their counteraction. A significant amelioration in the 

mycotoxins-dependent detrimental effects alone or in combination in broilers for 21and 35 days 

were observed as a result of the addition of EG to broiler contaminated diets. It was proposed that 

the role of yeast in mycotoxins detoxification may be attributed to its toxin binding ability, 

stimulation of immune system and by competition for binding sites on enterocytes (Santin et al. 

2001b).  
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Table 2.2 Capacity of glucomannans from Saccharomyces cerevisiae to bind mycotoxins 

(adapted from Devegowda, 2000). 

Mycotoxins                                   % Binding 

Aflatoxins (total)                                95 

Fumonisins                                          67 

Zearalenone (ZEN)                             77 

T-2                                                     33.4 

Citrinin                                             18.4 

Diacetoxyscripenol (DAS)                12.7 

Dioxynivalenol (DON)                     12.6 

Ochratoxin A (OTA)                            12.5 

Nivalenol (NIV)                                 8.2 

Fusariotoxin                                   7.9 

 

Peteri et al. 2007 found that both viable and heat killed yeast cells were able to bind significant 

amounts (up to 250 µg/L) of OTA. 

Elbarkouky et al. 2010 fed male broilers from 1 to 35 days of age a contaminated diet with 

OTA at dietary concentration of 200 ppb and studied the ameliorative effects of supplementing 

broilers diets with active dried yeast (Saccharomyces cerevisiae) at level of 3 g per kg diet on broiler 

performance. It was found that contamination of broiler diets with 200 ppb OTA caused a significant 

reduction in BW, FC and worse FCR. Relative weights of organs (kidney, liver, gizzard and 

proventriculus) were elevated, in addition to increased mortality. Nutritional remedies, such as 

supplementation of beneficial nutrients with protective effects against the toxicity of these 

mycotoxins are gaining increasing attention (Baudrimont et al. 1997a and Creppy et al. 1998). 

A study was conducted to investigate the protective effect of toxin binder product (Toxiroak) 

against OTA. Ochratoxin A adversely altered productive performance of hen’s serum biochemical 

and immunological parameters. Supplementation of toxin binder in ochratoxin contaminated feed 

has provided a partial reduction in ochratoxicosis (Swale et al. 2009). 

Effect of bentonite clay on immunosuppression caused by OTA was investigated and it was 

revealed that bentonite clay did not significantly improve the antibody titre, lymphoproliferative 

response and phagocytic potential affected by OTA, suggesting little to no effect of bentonite clay on 

OTA altered immune parameters (khatoon et al. 2018). 

2.7 Industrial waste for detoxification of ochratoxin A 

2.7.1 Yeast Sludge 

Adsorption potential of yeast sludge against OTA was explored by feeding broilers with 

500ppb of ochratoxin A along with 1 percent and 2 percent yeast sludge. During the biological trial 

feed consumption, weight gain and FCR were recorded. Feed conversion ratio (FCR) was improved 

by supplementation of 2 percent yeast sludge in toxin contaminated feed. The level of serum total 

protein and albumin was found to be higher and serum ALT was found to be lower in group fed with 

2 percent raw distillery yeast sludge along with ochratoxin A. Two percent of raw distillery Yeast 

sludge can efficiently adsorb OTA (Mujahid et al. 2012). 

Addition of distillery yeast sludge (DYS) in moldy feed reduced the immunotoxic effects of 

ochratoxin A. OTA at a level of 56 mg/kg was added in poultry feed. Distillary yeast sludge was 

added at different levels 0%, 0.5%, 1% and 2% in toxin contaminated feed. activity of ALT and 
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serum levels of creatinine and blood urea are significantly higher in toxin-fed group as compared to 

control group, while serum ALT, creatinine and blood urea were found to be improved in 

contaminated feed + 2% YS. Almost all parameters studied were improved with the addition of 2% 

DYS in toxin contaminated feed (Ahrar et al. 2017). 

2.7.2 Whey 

Dairy industry wasted 340,000 tonnes in UK in 2015 alone, of which nearly 200,000 tonnes 

was perfectly consumable. Dairy industry had more beneficial manufacturing waste than any other 

category in food and beverage industry. Smaller dairies often send it to anaerobic digestion or to be 

spread as fertiliser (Megan Tatum, 2016). 

As a by product of cheese processing, whey contains almost 80% lactose (Samli 

et al. 2007). Whey has prebiotic-like effects if added in poultry feed. Because birds lack lactase, they 

cannot digest lactose which is fermented by different types of lactobacillus present in the 

gastrointestinal tract of birds into lactic acid that may stimulate intestinal growth of these bacteria. 

Mehri et al. 2004 observed an improvement in FCR by adding 4% powdered whey to broiler diet. 

Moreover, Rastad et al. 2008 supplemented broiler feed with whey powder and probiotics at 

different levels. Lactobacillus with 2% whey led to improved performance in chicken.  

Whey successfully neutralize the drastic effects of OTA in cultured Oreochromus niloticus. 

Whey supplementation improved the growth performance and nutrients utilization of Oreochromis 

niloticus (Mansour et al. 2015). Red blood cells, white blood cells, phagocytic index, serum total 

protein, serum albumin, globulin and antibody titre was found to be decreased and liver enzymes, 

creatinine and uric acid were found to be increased by OTA. All these parameters were found to be 

improved in whey fed group. The improvement in histopathological examination was also observed 

(Mansour et al. 2011). 

 

2.8 Statement of problem 

A number of toxic compounds of natural origin threaten the production capacity of poultry 

industry. Mycotoxins are one of them. Acute and chronic toxic effects and potent carcinogenic 

effects and frequent occurrence in food commodities make aflatoxins and ochratoxins as the most 

harmful mycotoxin. 

Ochratoxin A is a matter of great concern in food and feed. Although binders are commercially 

available but they are mostly from non-organic source, hence expensive. Industrial waste such as 

yeast sludge and whey can be utilized for the development of an organic binder. The purpose of 

present study is to explore the detoxification potential of industrial waste such as yeast sludge, yeast 

sludge cell mass (YSCM) and yeast sludge cell wall (YSCW) and whey against Ochratoxin A in 

broiler. The objective of this study were 

  1- To determine the detoxification potential of yeast sludge, YSCM, YSCW, whey and 

commercial material in terms of productive performance of Broilers. 

  2- To evaluate the detoxification of ochratoxin A by yeast sludge YSCM, YSCW, whey and 

commercial material in broiler chicks in terms of serum biochemical and histopatholgical 

parameters. 

 3-To determine the effect of yeast sludge products, whey and commercial binder on 

tissue residues of ochratoxin A

https://www.thegrocer.co.uk/megan-tatum/2371.bio
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CHAPTER 3 

MATERIALS AND METHODS 
 

3.1 Experimental Station 

Research work was carried out mostly at the Biochemistry Laboratory of Institute of 

Biochemistry and Biotechnology, University of Veterinary and Animal Sciences, Lahore.  Proximate 

analysis was performed at the Department of Food Science and Human Nutrition UVAS, Lahore. 

Biological trials were carried out at the Hi-Tech Research and Development Center, Lahore. HPLC 

was performed at the Quality Operations Laboratory UVAS, Lahore. FTIR of ohratoxin A was 

performed at PCSIR Laboratories complex, Lahore. 

3.1.2 Chemicals 

Chemicals of analytic grade were brought from different Companies (German 

Company Merck, American Sigma Aldrich chemical company, BDH of UK, Across Belgium, Fluka 

of Switzerland and HiMedia from India) with the help of local Distributers. 

3.2 Collection of Industrial waste and commercial binder 

Yeast sludge was collected from Shukkar Gunj Sugar Mills, Jhang. Whey was 

collected from Fauji foods, Bhalwal, Sargodha. Commercial binder protemyc (yeast cells and 

bentonite) Biorigin, Brazil was purchased from the local market. 

3.3 Proximate analysis of Yeast sludge and whey 

Proximate analyses of yeast sludge and whey given in (Annexure I) were carried out to 

determine the nutritional components following AOAC (2003) method.  

 

 

3.3.1 Moisture Content  
The samples of yeast sludge and whey were taken in clean, dried crucibles (W1) 

andheated at 100°C in an oven for 12 hours. Then the samples were placed in the desiccators until 

they were cooled down to room temperature. The samples were weighed again (W2) after cooling. 

The percent moisture was calculated by using the formula:  

Percent of moisture = W2- W1 

                                   1.5 ×100 

 

3.3.2 Determination of ash 
The samples were ignited andcharred samples were placed at 550° C in muffle furnace 

for 4 hours. The appearance of ash is an indication that all the organic matter in the sample is 

completely oxidized. Thereafter the crucible was allowed to cool down and its weight (W2) was 

recorded. Percent ash was calculate as follows:  

Percent Ash           =              W2 -W1 × 100 

                                             Weight of sample  

3.3.3 Crude Protein 
Crude protein in samples was calculated by determining the total nitrogen using Kjeldhal 

method (Hartwig et al. 1991). Percent total nitrogen was multiplied with protein factor (6.25) to determine the 

Crude proteins present in the sample.  

% of Crude protein = % of Nitrogen × 6.25 
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3.3.4 Crude fat 
A Soxhlet’s apparatus was used to obtain moisture free sample by using petroleum 

ether (B.P.60-40°C).The ether was heated in hot air oven at 60
o
C until it evaporates completely and 

the extracted oil was weighed.  

         % Lipids = Weight of extract × 100  

                         Sample weight (g) 

 

 

3.3.5 Crude fiber: 
Acid and alkali soluble extractives were completely removed to determin the crude fibre and 

weighing the unhydrolyzed, dried residue, it was then incinerated to ash in the muffle furnace and weighed 

again. The difference in the weight of the extracted and incinerated residue was calculated to find out crude 

fibre.  

% of Crude fibre =Weight of extracted residue –Weight of incinerated residue × 100  

                                                        Weight of sample (g)  

3.3.6 Nitrogen free Extract 

NFE was determined by adding the percentage of moisture, ash, crude fat, crude 

protein and crude fibre and subtracting the sum from 100.  

% of NFE (on as such basis) = 100 - % of (moisture +ash +crude fat+ crude protein +crude fibre) 

3.4 Isolation of yeast sludge cell mass from yeast sludge 

Yeast sludge was transferred to a sterilized container and sterilized distilled water was 

added. The container was sealed and yeast sludge was shaken with water for a minute so as to mix 

the water and yeast sludge. The container was refridgerated until stratification occurs. The top layer 

in the container was discarded and middle layer was transferred to another container and the lower 

layer was also discarded. Yeast sludge cell mass was then stored in refrigerator at 4 degree Celsius. 

Before further use it was washed with phosphoric acid pH 2 and 2.4 to kill the bacteria (Billy, 2008). 

The pellet obtained after centrifugation was dried in an oven at 71 degree Celsius. 

 

3.5 Isolation of yeast sludge cell wall from yeast sludge cell mass 

Sonication was carried out using homogenizer (WT-230-HTD Wincom Jiangsu china) 

generating ultrasounds of 40 kHz. Disruption of yeast sludge included four cycles of 5 min of 

sonication and a 2 min break. The temperature of solution was maintained using a cooling water bath 

(Liu et al. 2013). The solution was centrifuged at 1,500 g for ten minutes to separate cell wall of 

yeast sludge cells (Northcote and Horne, 1952). 

3.6 Production of Ochratoxin 

3.6.1 Growth of A. ochraceus 

Identified toxigenic strain culture of A. ochraceus (CECT 2948), was procurred from 

Pathology Department University of Agriculture Faisalabad. It was cultured on Sabraud’s dextrose 

agar. 2.5 g of Sabraud’s dextrose agar was dissolved in hundered milliliter of distilled water in a 

conical flask and autoclaved. Media was allowed to solidify in plates and slants and inoculated with 

spores of A. ochraceus. Inoculated slants and plates were incubated at a temperature of 27°C for two 

weeks (Trenk et al. 1971). 

3.6.2 Inoculum preparation 

Inoculum was prepared by adding 3 mL of 0.5% (v/v) Tween 80 solution in distilled 

water to a slant containing A. ochraceus spores. 

3.6.3 Ochratoxin A production 
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Solid state fermentation method described by Zahoor et al. 2010 was used with some 

variations. Wheat grains 20 gm were taken in Erlenmeyer flask and soaked in 20 mL distilled water. 

Soaked wheat grains were autoclaved at 121 °C for 15 minutes at 15 P/In
2
 pressure. Autoclaved 

distilled water 20 mL was added in flask along with 1mL of inoculum. It was placed at 28 C° for 21 

days in dark and was shaken once daily to avoid clumping.  

3.7 Extraction and quantification of ochratoxin 

3.7.1 Extaction of Ochratoxin A 

OTA was extracted according to method described by Bayman et al. 2002. For each 25 

gm fermented wheat grains, hundered milliliter solvent mixture of Acetonitrile: water (86:14 V: V) 

was added and shacked on orbital shaker for 35 min. Mixture was filtered and filtrate was 

evaporated in water bath at 60 °C until it was completely dried. It was reconstituted 1 mL in 

methanol.  

3.7.2 Detection of ochratoxin A 

The extracted sample (20ụL) was spotted on pre-coated TLC plate and allowed to dry. 

The impregnated TLC plate was placed in the mobile phase (Toluene: methanol: acetic acid in a 

ratio of 90:5:5) in a TLC developing tank. The plates were visualized under a UV lamp at 366nm 

wavelength (Bayman et al. 2002). 

3.8 Fourier Transform Infrared Spectroscopy 

The protocol used for FT-IR, in which liquid medium aliquot was used for the analysis 

of OTA, was selected because it is considered less laborious, more practical and faster. All spectra 

were acquired using a spectrometer (Agilent Technologies) equipped with ATR. Spectrum was 

obtained between 4000 and 650 cm-1(Andrea et al. 2007). 

3.9 Quantification of Ochratoxin A 

Quantification of OTA was carried out at Quality Operations Laboratory, University of 

Veterinary and Animal Sciences, Lahore. The purified extract was analyzed by HPLC using Agilent 

1260 Infinity II system, equipped with a quaternary pump model G7129A, a fluorescence detector 

having 333 and 420 nm as excitation and emission wavelength. Ochratoxin was separated by a 

Supelco C18 column, (150 × 4.6 mm) (Wen et al. 2013). The mobile phase was comprised of 

acetonitrile: water: acetic acid (99:99:2). The injection volume was 20μL and was used at 1 mL/min 

flow rate at 30°C and the retention time was 15 min for each sample.  

3.10 Biological trial: 

A Biological trial of 35 days duration was conducted at Hi-Tech Research and 

Development Center (Annexure VII).  

3.10.1 Housing and Management 

A total of 1750 one day old Broilers of the Arbreaker breed were randomly divided into 

seven dietary treatments replicated five times in such a way that each replicate has 50 birds. The trial 

was run in the months of May-June, 2018 according to method described by Mujahid et al. 2012. 

The temperature was maintained at 27° C and humidity at 72 % v/v. Vaccination was performed 

according to the schedule in Table 3.1. The chicks were housed in pens (Size 4.5×7 ft) in an 

experimental animal house. Rice husks was used as litter with 2-3 inch thickness. Each pen received 

1 manual feeder and 6-7 automatic drinkers. Broilers were fed a commercial starter ration (Table 

3.2) provided by Hi-Tech Feeds throughout the trial. Commercial broiler starter rations used in this 

investigation were free from any medication as growth promoter or antibiotics. The ration were also 

screened for possible residual aflatoxin and other mycotoxins before feeding and were found to be 

free of other mycotoxins; the amounts were below the detection limit of aflatoxin and other 

mycotoxins (detection limit 1 μg/kg feed) ( owel and Taylor, 1981). The ochratoxin A and other 

https://www.google.com/search?biw=1366&bih=657&tbm=isch&q=Erlenmeyer+flask&spell=1&sa=X&ved=0ahUKEwjb3v_d3MnfAhXO_aQKHXfoANwQkeECCEwoAA
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mycotoxins in the feed before the start of the trial to chicks to provide the concentrations employed 

of ochratoxin A per kilogram of feed. Feed and water were provided to chicks ad libidum. Drip 

nipples were used to provide water and the broilers were exposed to continuous fluorescent light 

throughout the whole experimental period. Table 3.1, shows the vaccination program for broiler 

chicks used in this experiment. 

                             Table 3.1 Vaccination program for broiler chicks 

Age(days) Vaccines Method used 

1 Infectious Bronchitis (IB) Spray 

8 Infection bursal disease (IBD) + Newcastle disease (ND)  Eye drop 

11 Infectious Bronchitis (IB) Eye drop 

14 IBD (Gumboro) Eye drop 

16 IBD (Gumboro) Oral 

21 ND (clone 30) Oral 

26 IBD (Gumboro) Oral 

32 ND (clone 30) Oral 

 

3.10.2 Dietary Plan 

During biological trial of 35 days duration chicks were fed with starter ration with 

composition given in Table 3.2. The chicks were assigned seven experimental rations A,B,C,D,E,F 

and G randomly (Table 3.3) for a period of five weeks.  

                                     

 

                               

                                                    Table 3.2 Broiler diet ingredients 

Item  Quantity in g/100g 

Maize 56 

Sunflower meal 12 

Canola meal 6 

Limestone 0.8 

Wheat Bran 2.6 

Molasses 2 

Soybean Meal 19 

DCP 1 

Salt 0.14 

Supplement 0.2 

MHA Liquid 0.2 

L-threonine 0.06 

Lysine Sulphate 0.6 

Phytase 0.01 
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                                 Table 3.3 Grouping and Dietary Treatment 

Groups Dietary Treatment 

A Normal 

B Ochratoxin A 200ppb 

C 200ppb Ochratoxin A and 0.2% Dried Yeast sludge 

D 200ppb Ochratoxin A and 0.2% Dried Yeast sludge cell mass  

E 200ppb Ochratoxin A and 0.2%  Dried Yeast sludge cell wall 

F 200ppb Ochratoxin A and 0.2%  Dried concentrated whey 

G 200ppb Ochratoxin A and 0.2% Protemyc (Commercial Binder) 

3.10.3 Measurements 

The experimental measurements recorded during trial are as follows: 

 3.10.3.1 Body weight 
To study the effects of OTA on body weight, broiler chicks of each group were 

weighed individually to the nearest gram at the beginning of the experiment and then weekly until 

the end of the experiment. 

3.10.3.2 Feed consumption  

The feed consumption for each group was recorded daily and the mean was calculated 

weekly until the end of the experiment as follows:-  

Average feed consumption / chick  

3.10.3.3 Feed conversion ratio (FCR) 
FCR was calculated weekly for each group, considering the weight of dead birds as 

follow: 

Feed conversion ratio (FCR) = gram feed / gram body weight. 

3.10.3.4 Mortality rate 

Mortality rate was recorded daily and was recorded weekly for each group calculated 

as a percent mortality. 

3.11 Sample collection: 

3.11.1 Serum Sample 
At end of the trial blood sample (2 mL) was collected per bird by syringe from the 

jugular vein. Blood was collected in red capped vacutainers to separate serum. Serum samples were 

stored at -20°C.  

3.11.2 Tissue Samples 

The tissue samples (thigh muscles, liver, kidney and heart) of slaughtered birds were 

stored sterilized plastic containers at -20˚C (Pozzo et al. 2013). For histopathological examinations 

liver, kidney and bursa of fabricious samples were collected and stored in 10% (v/v) buffered 

formalin solution. 

3.11.1 Estimation of serum total protein:  

Serum total protein was determined by Chemistry analyzer (Micro lab 300, Merck) 

using commercial kit for estimation of serum total protein of Human (Ref No 10570   1×1000mL) 

(Doumas et al. 1981). 

3.11.2 Estimation of serum albumin 

Serum albumin amounts were determined by using kit for estimation of serum albumin of Human 

(Ref No 10560 1×1000mL) (Doumas and Biggs 1972). 
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3.11.4 Activity of Alanine transaminase (ALT) and Aspartate transaminase (AST) 

Activity of ALT and AST was determined according to recommendation of the expert 

panel of the IFCC (International federation of clinical chemistry) using commercially available kits 

of Human (Ref no 12212 16× 5ml) and (Ref no 12212 16× 5ml) (Reitman and Frankel 1957). 

3.11.5 Estimation of serum creatinin 

Serum creatinin was determined by formation of orange red complex with picric acid 

using kits of Human (Ref No 10051 200 mL) (Hare 1950). 

3.11.6 Determination of haemagglutination inhibition (HI) test against NewCastle disease virus 

(NDV) 

3.11.6.1 Haemagglutination test (HA) 

The haemagglutination activity test (HA) of NDV antigen was performed as it is an 

essential step to find out the number of HA units of the virus to be used in the haemagglutination 

inhibition test. A 96 well mictrotitre plate was taken. Phosphate buffer saline (PBS, 0.1 M, pH 7) 50 

µL was added in 1-12 wells of plate in first row. ND virus 50 µL was poured into 1
st
 well. It was 2 

fold diluted up to 11
th

 well. Chicken RBCs 1% (50 µL) was added from 1-12 wells. Plate was 

incubated at 37 °C for 40 minutes. The highest dilution of virus with agglutination of RBCs was 

observed. It was 1 HA in 6
th

 well (1:64) and four HA was 1:16, so 1mL of virus was mixed in PBS 

to make final volume 16 mL.  Antigen for HI test was prepared. 

3.11.6.2 Haemagglutination Inhibition test (HI) 

A totalof 50 µL of PBS dispensed into the individual wells of one row in U-shaped 

bottom microtitre plate.  Serum sample (50µL) was added only to the first well. A serial double-fold 

dilution was done using micropipette in all wells except the last one, which served as negative 

control. A volume of 50 µl of pre-determined 4 HA units of NDV (prepared in phosphate buffer 

saline) were added to each of 11wells and placed at room temperature for 30 minutes. A volume of 

50 µL of 1% pre washed chicken RBC suspended in PBS were added to all wells. The virus-RBC 

mixture was allowed to stand for 30 minutes at room temprature. The haemagglutination Inhibition 

pattern of the highest dilution of the virus giving complete HA pattern (net formation) was detected. 

In the control well, RBC appeared as button-shaped sediment (Anon, 1971). The antibody titer of 

virus was estimated as the reciprocal of the highest dilution of the serum sample in which complete 

inhibition of viral HA (button like pattern) was obtained. Antibody titers were determined by 

converting the values of the last dilutions which produced total inhibition of hemagglutination and 

were calculated as the logarithm to the base 2 (Majiyagbe and Hitchner 1977). 

3.12 Pathological Studies 

3.12.1 Gross Pathology 

At the end of 5 weeks of the experimental period, ten birds fromeach group were 

weighed, and slaughtered. The internal organs were obtained after dissection with special care from 

the birds. Liver and kidney were examined for any pathological abnormalities these organs are 

mainly affected by the toxic effects of ochratoxin A. 

3.12.2 Histological sections 

Specimens of tissue samples (liver, bursa of Fabricius and liver) were kept for 

histological studies were fixed in 10 % neutral buffered formalin for 72 hours, taking out and passed 

into ascending series of alcohol of different graded concentrations for dehydration, then cleared 

through xylene and Canada blasm, then finally embedded blocked in paraffin wax to be sectioned by 

a microtome into 3-5 µm sections. Sections were routinely stained with Harris hematoxyline and 
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eosin (H and E) method, and examined for histopathological changes. Histological sections were 

prepared according to the procedure described by (Littie, 1954). 

3.13 Extraction of ochratoxin from tissue samples 

Twenty gram of tissues samples (muscles, kidneys, heart and livers) were homogenized 

with 7.5 mL of 1 M phosphoric acid in a homogenizer. Two gram of homogenized samples were 

taken in centrifuge tubes, extracted thrice with ethyl acetate (5 mL), and centrifuged at 350 g for 5 

min. The organic phase obtained concentrated by evaporation to 1 mL, extracted again with 2 mL of 

0.5 M NaHCO3. The aqueous extract was purified further by immunoaffinity column (OchraTest 

WB column), 1 mL of methanol was used to elute OTA from column (Bozo et al. 2008). 

3.13.1 Estimation of ochratoxin A from tissue samples 

The purified extract was analyzed by instrumental High Performance Liquid 

Chromatography (HPLC) Agilent 1260 Infinity II system, equipped with a quaternary pump model 

G7129A, a fluorescence detector having 333 and 420 nm as excitation and emission wavelength, 

respectively, an auto sampler model G1329a and ochratoxin was separated by a Supelco C18 

column, (150 × 4.6 mm). The mobile phase was acetonitrile: water: acetic acid (99:99:2). The 

injection volume was 20μL and was used at 1 mL/min flow rate at 30°C and the retention time was 

15 min for each sample (Biro et al. 2002). 

3.14 Economic Analysis 

An economic analysis was done to determine the efficiency of the food industry by 

products utilized against ochratoxin A in terms of profit margin (Nworgu et al. 2015). 

The total cost of production (TCP), net profit (NP) and rate of return on investment (RRI) per bird 

(Annexure VI) were determined as presented below:  

 TCP = Total fixed cost of used resources (TFC) + Total variable cost (TVC) 

NP = Total revenue (TR) – Total cost of production (TCP)  

 NP = Net return (NR) = Net farm income (NFI)  

Rate of returns on investment (RRI) (%) = NP / TCP x 100  

3.15 Statistical analysis 

All the results were analyzed statistically by One Way ANOVA and significant 

differences and Duncan Multiple Range Test using SPSS 16 software (Duncan, 1955). 
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CHAPTER 4 

RESULTS 
 

4.1 Maintenance of microbe 

Growth of A. ochraceous was visible on both plates and slants of Sabouraud’s 

Dextrose Agar.  

 
                  Figure 4.1 Growth of A. ochraceous 

4.2 Microscopic analysis of A.ocharceous 

  Microscopic features of Aspergillus ochraceous observed were radiate conidia, entire 

vesicle covered with metullea, thin walled hyaline vesicles,  as shown in Figure 4.2 

 
                                      Figure 4.2 A.ochraceus conidia & vesicle 
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4.4 Production and extraction of OTA on wheat grains 

Ochratoxin A was produced on wheat grains by A. ochraceus. After 14 days of 

incubation at 25ºC growth of A. ochraceus was visible on wheat grains shown in Figure 4.3. 

 

 
                              Fig 4.3 Growth of A.ochraceus on wheat grains 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Results                                                                                                                                                   

22 

 

 

4.5 Detection of presence of OTA 

Ochratoxin A gave greenish blue fluorescence on silica gel coated TLC plate when visualized 

under UV lamp at 366nm. 

 
Fig 4.4 TLC of ochratoxin A. Spot S1 contained sample and S2 contained a standard 
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4.6 Fourier Transform Infrared Spectroscopy of Sample 
The spectral regions which give the best results are between 1550-600 cm

−1
. Characteristic 

peaks of sample and standard were shown in Figure 4.4. Similar spectra of standard and 

sample confirm the presence of ochratoxin A in sample. The FTIR spectrum shown in 

Figure 4.5 indicated presence of C C stretching vibrations with a characteristic bands 

covering the spectral range from (1280–1625) cm
−1

 at band (1375, 1428) cm
−1

 in both sample 

and standard. 

 

 

 

 

 
 

                   Fig 4.5 Fourier Transform Infrared Spectra of Standard and Sample 
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4.7 Estimation of Ochratoxin A: 

The quantity of Ochratoxin A produced was estimated by HPLC against the standard 

OTA of HiMedia and the quantity of ochratoxin A was 506 µg/mL per 25g wheat biomass. 

The chromatograms of sample and standard having same retention time (8.5 – 9.5 min) are 

shown in Fig 4.6 (a) and (b) 

 
                              Fig 4.6 (a) HPLC chromatogram of sample OTA 

 
                          Fig 4.6 (b) HPLC chromatogram of a standard of OTA 
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4.8 Effect of Ochratoxin A on Productive Performance:- 

4.8.1 Body weight 

Results in Table (4.1) shows that body weight was significantly reduced in OTA 

treated group (Group B) as compared to other groups through out the experimental trial. 

Addition of YSCM and YSCW to Broiler feed gives significantly highest weight gain as 

compared to other groups. Improvement in weight gain was also observed in whey and 

commercial binder supplemented group. 

Table 4.1 Effects of OTA, yeast sludge, YSCM, YSCW, whey and commercial binder 

supplementation on weight gain of broiler chicks (Mean ±SD) 
 

Treatment Weight gain g/chick 

 Weeks 

 1
st
 Day 1 2 3 4 5 

A  (Normal Feed) 42±
 
1.5 

171.56
 
±

 
5.6

 ab
   

 
 372.6

 
 ±

 
12.6

ab
   

 
 
754.8

  
±

 
34.2

a
    1003

 
±

 
98.6

a  
 1382.4±

 

74.2
 ab

 

B  (Normal Feed + 

200ppb OTA) 

42±
 
1.5 

166.2
  
 ±17.3

ab
   

 
 338.8

 
 ±

 
 29.4

 a
    

778.8
  
±

 
39.3

ab   
 993 ±

 
56.0

 a
 1329.6

 
±

 

36.9
 a   

 

C  (Normal Feed + 

200ppb OTA+ yeast 

sludge) 

42±
 
1.5 

172.94
 
 ±

 
5.1

b
   

 
 395.6

 
 ±

 
 34.3

 ab
   

 
 

765.48
 
 ±

 
69

ab  
 1111.4

 
±

 
86.9

ab  
 

1428.6
 
±

 

94.1
 abc  

 

D(Normal Feed + 

200ppb OTA+ yeast 

cells) 

42±
 
1.5 

164.52
   
±

 
7.5

 ab
    432.8 ±

 
42

 b
   

 
 

865.1
 
±

 
67.6

b  
 1202.8

 
±

 
78.7

b  
 

1537.4
 
±

 

44.9
 d
 
 
 

E(Normal Feed + 

200ppb OTA+ yeast 

cell wall) 

42±
 
1.5 

165.6
   
±

 
7.9

 ab
    444.4

   
±

 
 3.7

b
    

892.5 ±
 
41.3

b  
 1226.4

 
±

 
51.6

b  
 

1543
 
 ±

 

24
 d
 
 
 

F(Normal Feed + 

200ppb OTA+ whey 

powder) 

42±
 
1.5 

161.76
  
±

 
6.7

 ab
    410.8 ±

 
39.5

b
    

816.8
  
±

 
70.1

ab  
 1166.2±

 
71.9

b  
 

1461
  
±

 
 

54.5
 bcd  

 

G(Normal Feed + 

200ppb OTA+ 

commercial Binder) 

42±
 
1.5 

159.30
   
±

 
9.3

a
  394.6 ±

 
30.8

 ab
    

770.6
  
±

 
 63.9

ab  
 1191.8

 
±

 
104.6

b  
 

1476.2
 
±

 

84.9
 cd  

 

 

Different Superscripts express that means are significantly different (P < 0.05). 
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Fig 4.7     Effects of OTA, yeast sludge, YSCM, YSCW, whey and commercial binder 

supplementation on weight gain of broiler chicks  
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4.8.2 Feed Consumed 

Results presented in Table (4.3) show the effects of dietary supplementation on Feed 

consumption from 1 to 35 days of age. It could be clearly noticed that the amount of feed 

consumed (FC) per chicks per week was negatively affected by OTA diets contamination. The 

trend was clearly observed in OTA group throughout the experimental period. Birds in yeast 

sludge cell mass and yeast sludge cell wall supplemented group consumed significantly more 

feed then other groups. Supplementing broiler diets whey and commercial binder also showed 

improvement in FC as compared to group fed with OTA.  

Table 4.2 Effects of OTA, yeast sludge, YSCM, YSCW, whey and commercial binder 

supplementation on Feed Consumption of broiler chicks (Mean ±SD)  

 

Treatment Feed Consumption g/chick 

 Weeks 

 1 2 3 4 5 
A  (Normal Feed) 161.6

 
±

  

11.8
a 
 

445.8±
  

15.1
ab

 

970.4
 
±

 

15.6
ab

 

1669.2
 
±

  

42.0
a
 

2312
 
±

 

73.9
a
 

B  (Normal Feed + 200ppb 

OTA) 

156.1±
 

14.3
a
 

396.9
 
±

 

38.8
a 
 

1006.6
 
±

  

6.169
 ab 

 

1668.4±
  

167.5
 a
 

2320.4
 
±

 

178.8
a
 

C  (Normal Feed + 200ppb 

OTA+ yeast sludge) 

167.6
 
±

 

10.4
a 
 

450.7±
 

35.3
ab 

 

1032.2.0
 
±

 

71.7
 b
 

1747.8
 a
 ±

 

157.1 

2391.8
 
±

 

175.0
 ab

 

D(Normal Feed + 200ppb 

OTA+YSCM) 

165.16
 
±

 

8.2
a 
 

493.04
 
±

 

40.2
b 
 

1031.9
 
±

 

106
b
 

1869
 
±

 

191.5
a
 

2536.3 ±
  

206.6
 b
 

E(Normal Feed + 200ppb 

OTA+YSCW) 

168.3
 
±

 

12.6
a 
 

496.4±
  

26.7
b 
 

972.9
 
±

 

38.2
ab

 

1886.8
 
±

  

46.5
a 
 

2547.4
b
 ±  

64.2 

F(Normal Feed + 200ppb OTA+ 

whey powder) 

162.8±
 

12.2
a
 

462
 
±

 37.1
 

b
 

955.6
 
±

 

43.3
a
 

1767.6
 
±

 

116.8
a
 

2416.3
 
±

 

183.2
 ab

 

G(Normal Feed + 200ppb 

OTA+ commercial Binder) 

166.2 ±
 

11.9
a 
 

469.96
 
±

 

26.6
b 
 

991.7
 
±

  

93.5
ab

 

1769.8
 
±

 

146.9
a
 

2460.4
 
±

 

147.1
ab

 

Different Superscripts express that means are significantly different (P < 0.05). 
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Fig 4.8    Effects of OTA, yeast sludge, YSCM, YSCW, whey and commercial binder 

supplementation on Feed Consumption of broiler chicks  
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4.8.3 Feed Conversion Ratio 

The results of the present investigation (Table 4.3) show that FCR was increased in OTA 

treated group as compared with all experimental groups. The addition of yeast sludge cell 

mass and yeast sludge cell wall did not significantly improve the FCR. Whey powder 

supplementation gives significantly improved FCR as compared to OTA fed group. All the 

other groups also show improvement in FCR but the results are non significant. 

Table 4.3 Effects of  OTA, yeast sludge, YSCM, YSCW and whey and commercial binder 

supplementation on Feed Conversion Ratio (FCR) of broiler chicks (Mean ±SD) 

 

Treatment FCR 

 Weeks 

 1 2 3 4 5 

A  (Normal Feed) 0.941
 
±

  

0.04 a 

1.19
 
±

 

0.019 ab 

1.28
 
±

 

0.04 b 
1.67±

  

0.15
a
 

1.69 
±

 0.05 ab 

B  (Normal Feed + 200ppb OTA) 0.933
 
±

  

0.09 a 

1.13
 
±

 

0.13 a 

1.29
  

±
 0.05b 

1.56±
  

0.11
a
 

1.75 
±

 0.11b 

C  (Normal Feed + 200ppb OTA+ 
yeast sludge) 

0.966±
 

0.05 a 

1.14
 
±

  

0.04 a 

1.27
 
±

 

0.05 b 
1.57±

  

0.07
a
 

1.68 
±

 0.02 ab 

D(Normal Feed + 200ppb OTA+ 
yeast cell mass) 

0.996 ± 

0.04 a 

1.18 
±

 

0.03 a 

1.18 
±

 

0.10 ab 
1.51±

 

0.14
a
 

1.69 
±

 0.10 ab 

E(Normal Feed + 200ppb OTA+ 
yeast sludge cell wall) 

1.012±
 

0.04 a 

1.15 
±

 

0.027 a 

1.15 
±

 

0.08a 
1.54±

  

0.08
a
 

1.72 
±

 0.08ab 

F(Normal Feed + 200ppb OTA+ 
whey powder) 

1.007±
 

0.07 a 

1.19
 
±

  

0.067 ab 

1.19±
 

0.06ab 
1.51±

 

0.12
a
 

1.65 
±

 0.08a 

G(Normal Feed + 200ppb OTA+ 
commercial Binder) 

1.024
 
±

 

0.09
 a

 

1.33
 
±

 

0.192
 b

 

1.24±
 

0.13
ab

 
1.48±

 

0.06
a
 

1.66±
 0.06ab 

Different Superscripts express that means are significantly different (P < 0.05). 
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Fig 4.9 Effects of  OTA, yeast sludge, YSCM, YSCW, whey and commercial binder 

supplementation on Feed Conversion Ratio (FCR) of broiler chicks  
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4.8.4 Mortality 

Data presented in Table (4.4) shows that 200ppb OTA supplemented group only 

recorded the highest mortality as compared to the other groups. At the first week of 

experiment, mortality was observed in all groups due to stress of travelling, weak immune 

system and adjustment to the new environment, thereafter mortality was increased in OTA 

treated group as compared with the other groups. Supplementing broiler diets with yeast 

sludge, YSCM, YSCW and whey alleviated the toxic effect of OTA on broiler mortality. 

Table 4.4 Effects of OTA, yeast sludge, YSCM, YSCW, whey and commercial binder 

supplementation on Mortality percent of broiler chicks  

 

Treatment Mortality Cumulative Mortality   

 weeks  

 1 2 3 4 5 Total 

(x) 

x/250= % 

A  (Normal Feed) 6 6 5 0 0 17 6.8 

B  (Normal Feed + 200ppb OTA) 2 9 3 5 3 22 9.2 

C  (Normal Feed + 200ppb OTA+ yeast sludge) 4 3 2 4 1 14 5.6 

D(Normal Feed + 200ppb OTA+ yeast cells) 2 8 3 0 0 13 5.2 

E(Normal Feed + 200ppb OTA+ yeast cell wall) 3 7 3 0 0 13 5.2 

F(Normal Feed + 200ppb OTA+ whey powder) 0 2 2 3 3 10 4 

G(Normal Feed + 200ppb OTA+ commercial Binder) 5 5 4 0 5 19 7.6 

 

 

 

 
Fig 4.10 Effects of OTA, yeast sludge, YSCM, YSCW, whey and commercial binder 

supplementation on the mortality percent of broiler chicks  
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4.9 Biochemical parameters 

4.9.1 Serum Total poteins (TP) and Albumin (Alb)  

The results in Table (4.5) shows that OTA supplementation to broiler diets at 200 ppb (OA 

group) caused significant decreases in serum TP and Alb levels compared with other groups. 

Current results also show that the inclusion of yeast sludge, YSCM, YSCW, whey and 

commercial binder in the OTA contaminated diets improved serum Total Protein and albumin 

of broilers as compared with the OTA contaminated group. 

Table 4.5 Effects of OTA, yeast sludge, YSCM, YSCW, whey and commercial binder 

supplementation on serum total protein and albumin of broiler chicks. (Mean ±SD) 

Treatment Serum Biochemical parameters 

 Total protein g/dL Albumin g/dL 

A  (Normal Feed) 3.02±
 
0.19

 a
 1.74±

 
0.15

e
 

B  (Normal Feed + 200ppb OTA) 2.88±
 
0.327

a
 1±

 
0.16

 ab
 

C  (Normal Feed + 200ppb OTA+ yeast sludge) 3.64±
 
0.327

a
 1.5±

 
0.21

d
 

D(Normal Feed + 200ppb OTA+ yeast cells) 2.94±
 
0.181

a
 0.94±

 
0.114

a
 

E(Normal Feed + 200ppb OTA+ yeast cell wall) 3.78±
 
0.585 1.2±

 
0.19

c 
 

F(Normal Feed + 200ppb OTA+ whey powder) 3.72±
 
0.14

b
 1.16±

 
0.11

bc
 

G(Normal Feed + 200ppb OTA+ commercial Binder) 4.78±
 
0.73

c
 1.34±

 
0.15

cd
 

Different Superscripts express that means are significantly different (P < 0.05). 

 

  

  
 

Fig. 4.11 Effects of OTA, YS, YSCM, YSCW, whey and commercial binder 

supplementation on serum total protein and albumin of broiler chicks.  
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4.9.2 Liver function (AST and ALT enzymes) 

Data presented in Table (4.6) show the effects of dietary treatments by OTA, OTA and yeast 

sludge products and whey for 5 weeks on liver functions of broiler chicks determined by the 

serum concentration of AST and ALT in broiler chicks. Results in Table (4.6) indicate that 

broiler chicks fed supplemented diets with OTA at 200 ppb (Group B) showed a significant 

elevation in activity of ALT and AST when compared with other groups. These results reflect 

that OTA caused a detrimental effect on the liver functions through its effects on serum 

transaminase activity. Addition of yeast sludge products and whey to broilers fed OTA 

contaminated diets significantly improved the values of AST and ALT and diminished the 

negative effects of OTA on liver enzymes. 

 

Table 4.6 Effects of OTA, yeast sludge, YSCM, YSCW, whey and commercial binder 

supplementation on activity Liver function enzymes ALT and AST of broiler chicks. 

(Mean ±SD) 

 

 

 

 
 

 

 

 

Different Superscripts express that means are significantly different (P < 0.05). 

 

Treatment Liver Function Tests 

 ALT (U/dL) AST (U/dL) 
A  (Normal Feed) 7.1±

 
0.74

 a
 159±

 
1.581

a
 

B  (Normal Feed + 200ppb OTA) 42±
 
2.23

 f
 401.6±

 
 2.07

 g
 

C  (Normal Feed + 200ppb OTA+ yeast sludge) 32.6±
 
1.81

e
 373±

 
10.59

f
 

D(Normal Feed + 200ppb OTA+ yeast cells) 24.8±
 
1.48

 d
 280.2±

 
3.56

 e
 

E(Normal Feed + 200ppb OTA+ yeast cell wall) 25.7±
 
1.56

 d
 271±

 
4.63

d
 

F(Normal Feed + 200ppb OTA+ whey powder) 18±
 
1.58

c
 251.6±

 
6.34

c
 

G(Normal Feed + 200ppb OTA+ commercial Binder) 12.8±
 
1.48

b
 211.8±

 
1.09

b
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Fig 4.12 Effects of  OTA, YS, YSCM, YSCW, whey and commercial binder 

supplementation on activity Liver function enzymes ALT and AST of broiler chicks.  
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4.9.3 Kidney Function Test (Serum creatinine Levels) 

Serum creatinine concentration was significantly higher in OTA treated broilers at a level of 

200 ppb during the experimental period than those of the control. It was found to be improved 

in groups treated with different detoxifying agents and the lowest concentration was observed 

in yeast sludge treated group along with 200ppb Ochratoxin A. 

Table 4.7 Effects of OTA, yeast sludge, YSCM, YSCW, whey and commercial binder 

supplementation on serum creatinine levels of broiler chicks (Mean ±SD) 

Treatment Kidney Function 

Test mg/dL 

 Creatinine 

A  (Normal Feed) 0.92±
 
0.19

ab
 

B  (Normal Feed + 200ppb OTA) 1.24±
 
0.16

c
 

C  (Normal Feed + 200ppb OTA+ yeast sludge) 0.78±
 
0.08

a 

D(Normal Feed + 200ppb OTA+ yeast cells) 1.18±
 
0.158

bc
 

E(Normal Feed + 200ppb OTA+ yeast cell wall) 1.12±
 
0.258

bc
 

F(Normal Feed + 200ppb OTA+ whey powder) 1.10±
 
0.10

bc
 

G(Normal Feed + 200ppb OTA+ commercial Binder) 1.06±
 
0.241

bc
 

Different Superscripts express that means are significantly different (P < 0.05). 

 

 

 

 

 

 

 
Fig 4.13 Effects of OTA, yeast sludge, YSCM, YSCW, whey and commercial binder 

supplementation on serum creatinine levels of broiler chicks  
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4.9.4 Immunological parameters 

The current results obtained in this study and presented in Table (4.8) demonstrate that 

group fed with OTA had inferiority in antibody titers against NDV. This inferiority was 

significantly behind all other groups. At the same time, these groups had lower peak of 

antibody titer. On the other hand,  Yeast sludge cell wall supplemented dietary treatment along 

with OTA  harvested the highest antibody titer against NDV followed by whey supplemented 

group along with OTA compared to all groups fed OTA- contaminated diets. Table (4.9) also 

shows that dietary supplementation with yeast sludge, YSCM, YSCW and whey to broiler 

chicks led to numerical increase in the amount of antibody produced against NDV, indicating 

the beneficial role of these supplementations on immune response in broilers. 

Table 4.8 Effects of OTA, yeast sludge, YSCM, YSCW, whey and commercial binder 

supplementation on HI Titer against NDV of broiler chicks (Mean ±SD) 
Treatment HI Titer against NDV 

A  (Normal Feed) 5.4±
 
0.89

 ab
 

B  (Normal Feed + 200ppb OTA) 4.46±
 
0.50

 a
 

C  (Normal Feed + 200ppb OTA+ yeast sludge) 5.6±
 
1.14

ab
 

D(Normal Feed + 200ppb OTA+ yeast cells) 6.2±
 
1.09

b
 

E(Normal Feed + 200ppb OTA+ yeast cell wall) 6.4±
 
1.14

b
 

F(Normal Feed + 200ppb OTA+ whey powder) 6.2±
 
0.447

b
 

G(Normal Feed + 200ppb OTA+ commercial Binder) 6.2±
 
2.167

ab
 

Different Superscripts express that means are significantly different (P < 0.05). 

 

 

 

 
 

Fig 4.14 Effects of  OTA, yeast sludge, YSCM, YSCW, whey and commercial binder 

supplementation on HI Titer against NDV of broiler chicks  
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4.10 Gross Pathology 

Pathological changes due to OTA were observed in liver and kidney of Broilers of 

OTA fed group. The changes included in Group fed with OTA contaminated feed are swollen 

and congested kidneys, enlargement and yellow discoloration of liver. Liver and kidney of the 

control group are normal. Groups fed with yeast sludge, YSCM, YSCW and commercial 

binder (Protemyc) along with ochratoxin A is almost normal with slight yellow discoloration 

and kidney is almost normal. In Group F fed with whey along with ochratoxin A Liver and 

kidney both are normal.  

 

 
 

 
Fig 4.14 Photograph of the Liver A) Control, B) birds fed OTA, C) OTA +Yeats sudge, 

D) OTA + YSCM, E) OTA+YSCW, F) OTA + Whey and G) OTA and Commercial 

Binder 
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Fig 4.15 Photograph of the Kidney A) Control, B) birds fed 200ppb OTA C) 200ppb 

OTA +Yeats sudge D) 200ppb OTA + YSCM E) 200ppb OTA+YSCW, F) 200ppb OTA + 

Whey and G)200ppb OTA and Commercial Binder 
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4.11 Histopathological Studies 

4.11.1 Kidney 

                Histological examination of kidney in the present study revealed that kidneys of the 

control, group showed normal renal parenchyma and did not show any alteration or 

histopathological changes (Fig.16 A). Histological examination for the kidney of broiler 

chicks fed diet contaminated with 200 ppb OTA (OTA group) showed significant histological 

changes including cloudy swelling in the cytoplasm and degeneration of proximal convoluted 

tubules of kidney (PCT) especially epithelial cells and tubular necrosis completely replaced by 

mononuclear leucocytic cell infiltiration, as well as focal renal hemorrhages (Fig. 16 B). 

Histological examination of Group C fed with OTA contaminated diet supplemented with 

yeast sludge shows improvement with cellular degeneration in some areas. Histological 

examination of Group D and E (4.16 D and E) fed with OTA contaminated diet supplemented 

with YSCMand YSCW shows recovery in proximal convoluted tubules and distal convoluted 

tubule (DCT) is more visible. Tubular epithelial cells are more intact in E treatment group. 

Kidney section of Group F fed with dried whey powder in OTA contaminated feed shows 

improved renal parenchyma with slight cellular degeneration.   Group G fed with commercial 

binder in OTA contaminated diet was normal with slight cellular degeneration in some parts of 

the section examined.  

 
 

 

 

Fig 4.16 Photomicrograph of the Kidney A) Control, B) birds fed OTA showing 

lymphocytic aggregations, severe congestion and hemorrhage C) OTA +Yeats sudge D) 

OTA + YSCM E) OTA+YSCW, F) OTA + Whey and G) OTA and Commercial Binder 

at  35 days of age (Haematoxylin and eosin x100). 
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4.11.2 Liver 

Histopathological investigations in the section of liver showed that untreated chicks 

(Control group) revealed no histopathological changes (Fig. 4.17). However, livers of broiler 

chicks fed OTA- contaminated diet (Group B) showed histological changes presented in 

necrosis of epithelial lining bile duct with thickening in its wall (Fig 4.17 B), as well as hepatic 

hemorrhage focal mononuclear cells aggregation and portal infiltration with heterophils. 

Section of Liver of group C fed with yeast sludge as a binder was better than group B with 

reduced cellular necrosis and mononuclear cell infiltration. Histopathological examination of 

Liver of group D shows portal infiltration but no mononuclear cell infiltration. Liver of group 

E was almost normal. Section of liver of group F also shows improvement then group B but 

still has necrosis of epithelial linings. Section of Liver of Group G also shows cellular 

necrosis. 

 

 
 

 
 

Fig 4.17 Photomicrograph of the Liver A) Control Group almost normal, B) birds fed 

OTA showing hepatic hemorrhage focal mononuclear cells aggregation and portal 

infiltration with heterophils C) OTA +Yeats sudge D) OTA + YSCM, E) OTA+YSCW, 

F) OTA + Whey and G) OTA and Commercial Binder at  35 days of age (Haematoxylin 

and eosin x100) 

 



Results                                                                                                                                                   

41 

 

  4.11.3 Bursa of Fabricius  

Histopatological finding in the sections of the bursa of the control group in the present 

study revealed that no histopathological alteration or any appreciable changes were observed 

(Fig. 4.18A). Microscopic examination in the sections of the bursa from broiler chicks fed the 

contaminated diets with 200 ppb OTA (Group B) showed histological changes presented in 

Follicular atrophy, epithelial sloughing from some area. (Fig. 4.18B) associated with thin 

cortical layer. On the other hand, dietary supplementations with 200ppb OTA and yeast sludge 

to broiler chicks during ochratoxicosis led to overcome the toxic effects of OTA on the bursa 

of Fabricius. No histopatholpogical alterations were observed in sections of bursa of Fabricius 

of broilers fed OTA- contaminated diets and supplemented withYSCM, YSCW, whey and 

commercial binder (Fig. 4.18C.D.E.F and G).  

 
Fig 4.18 Photomicrograph of the Bursa A) Control Group almost normal, B) birds fed 

OTA showing Follicular atrophy, epithelial sloughing from some area C) OTA +Yeats 

sudge D) OTA + YSCM, E) OTA+YSCW, F) OTA + Whey and G) OTA and 

Commercial Binder at  35 days of age (Haematoxylin and eosin x100). 
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Tissue Levels of ochratoxin A 

High OTA residues were detected in the serum, kidney and Liver of group B (200ppb 

ochratoxin A fed group), whereas Heart and thigh muscles contain very low concentration of 

toxin. Tissue level of ochratoxin A was found to be of the order 

Serum>Kidney>Liver>Heart>Muscle. Whereas in groups fed with diet supplemented with 

yeast sludge, YSCM and YSCW, whey and commercial binder a considerable reduction in 

plasma and tissue levels was observed. 

Table 4.9 Effects of  OTA, yeast sludge, YSCM, YSCW, whey and commercial binder 

supplementation on Tissue Levels of ochratoxin A (Mean ±SD) 

Treatment Tissue Levels of ochratoxin A  

µg/Kg 

 Heart Muscle Liver kidney Serum 

A  (Normal Feed) 0
a
 0

a
 0

a
 0

a
 0

a 

B  (Normal Feed + 200ppb 
OTA) 

0.073±0.045
b
 0.016±0

c
 0.929

 
±0.3

b
 1.14±0.2

 b
 3.4±0.25

 f
 

C  (Normal Feed + 200ppb 
OTA+ yeast sludge) 

0.068±0.015
b
 0.004±0

ab
 0.03±0.01

a
 0.08±0.04

 a
 1.4±0.16

 e
 

D(Normal Feed + 200ppb 
OTA+ yeast cells) 

0.020±0.01
a
 0.003±0

ab
 0.07±0.01

a
 0.08±0.01

a
 0.5±0.21

 cd
 

E(Normal Feed + 200ppb 
OTA+ yeast cell wall) 

0.03±0.02
a
 0.0082±0

 b
 

0.022±0.01
a
 

0.04±0.01
 a
 0.3±0.12

ab
 

F(Normal Feed + 200ppb 
OTA+ whey powder) 

0.024±0.01
 a

 0.003±0
 ab

 0.0022±0
a
 0.06±0.03

 a
 0.34±0.1

 cd
 

G(Normal Feed + 200ppb 
OTA+ commercial Binder) 

0.024±0.01
a
 0.006±0

 b
 0.07±0.01

a
 0.08±0.01

 a
 0.53±0.17

 d
 

Different superscripts on means in a column show significant difference among groups (P < 0.05). 
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Fig 4.19 Effects of  OTA, yeast sludge, YSCM, YSCW, whey and commercial binder 

supplementation on Tissue Levels of ochratoxin A  
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4.13 Economics 

Reduction in feed cost/kg weight gain with use of yeast sludge, YSCM, YSCW and 

whey was due to low cost of these detoxifying agents which was almost 50% less than 

commercial binder. Lowest Rate of Return on Investment (RRI) per bird 48 % was recorded in 

Group B fed with diet contaminated with ochratoxin A due to decreased weight gain and 

highest Rate of return per bird 55 % was recorded in Group D (OTA andYSCM)  and Group E 

(OTA andYSCW) because of highest weight gain. Group F has 53% Rate of return per bird 

better than 51 % recorded in Group C (OTA and yeast sludge) and Group A (Normal feed) 

because of improved FCR. Group G has 51 % RRI per bird better then OTA fed group but 

yeast sludge, YSCM, YSCW and whey fed group have better RRI then commercial binder. 
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CHAPTER 5 

DISCUSSION 
  

Ochratoxin A causes deleterious effects in domestic livestock and humans. It is a potential 

carcinogen and nephrotoxic agent (IARC, 1993). Ochratoxin A has three possible mechanisms of 

toxicity: inhibition of enzymes involved in phenylalanine metabolism, inhibition of mitochondrial ATP 

production or by causing lipid peroxidation. OTA is of great concern because of its high level of 

toxicity and increased production rate in poultry feedstuff under suitable conditions. OTA has been 

detected in grains, wheat and cocoa beans. It has also been detected in the tissues samples of poultry. In 

present study the level of toxicity of OTA was characterised by poor FCR, increased mortality, 

increased activities liver function enzymes ALT and AST, reduced serum total ptotein, albumin and HI 

titre against NDV, increased serum creatinine levels and histopathological alterations in the body 

organs. Detoxifying agents yeast sludge, YSCM, YSCW and whey used in this study has reduced the 

toxicity of ochratoxin A. 

5.1 Production and estimation of ochratoxin A 

In present study OTA was produced by solid state fermentation on wheat grains by using 

toxigenic strain of Aspergillus ochraceus. Quantity of ochratoxin A produced on wheat grain was 

estimated by HPLC. Concentartion of OTA in fermented wheat grain was 506 µg/mL per 25g wheat 

biomass. Aspergillus ochraceus strains vary in ochratoxin production (Bayman et al. 2002 and Varga et 

al. 1996), comparing results among studies is difficult. Some early studies had reported higher levels of 

OTA (e.g, 100 ng/ml) (Hesseltine et al. 1972). In previous several studies solid media such as wheat or 

corn are used for OTA production (Hesseltine et al 1972), whereas some studies also used liquid media 

(Téren et al. 1996 and Varga et al. 1996). The highest levels of OTA have been reported on grains 

(Bayman et al. 2002). 

5.2 Productive Performance:- 

5.2.1 Body weight 

Results obtained in the present study (Table 4.1) shows that weight gain was significantly 

(p<0.05) reduced in OTA fed group (Group B) when compared to other groups. The adverse effect of 

OTA on weight gain was observed progressively from week 1 to week 5. The reduction in body weight 

gain due to OTA in the current study was in accordance with several investigations using OTA 

concentration of 1 ppm (Swale et al, 2009) 0.1, 0.5, 1.0, 3.0, 5.0 and 10.0 mg/Kg feed (Zahoor et al. 

2010), 0.5 to 2 ppm (Hanif et al. 2008), 50 -100 ppb (El-Barkouky and Abu-Taleb, 2008), 200ppb (El-

Barkouky et al. 2010), 1 to 4 ppm (Koynarski et al. 2007) 5 ppm (Stoev et al. 2002b) 0.1 ppm (Pozzo et 

al.2013) and 0.5 ppm (Abo El –Fetouh et al. 2016).  

Previous findings indicated that the reduced body weight gain was due to the decreased feed 

consumption caused by OTA that led to decreased serum total proteins (Prior et al. 1980 and 1981). 

Ochratoxin A inhibits the activity of enzyme (phenylalanin-tRNA synthetase) involved in protein 

synthesis. This enzyme is inhibited due to the interference of L-phenylalanine moiety of OTA with 

enzyme, suggesting that the protein synthesis inhibition is a main cause of the acute toxicity of OTA. 

Ochratoxin A also interferes with synthesis of important biomolecules like DNA, RNA and protein. It 

also disturb carbohydrate metabolism, especially the process of glucogenolysis. Supplemented OTA-

treated group in the present study with other groups treated with OTA and yeast sludge components and 

whey significantly alleviated (P < 0.05) the toxic effects of OTA on body weight as compared with 

OTA-fed birds alone. At the same time, inclusion of yeast sludge, YSCM, YSCW and whey along with 

OTA significantly increased weight gain in broilers the highest weight gain was observed in group 
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treated with OTA and YSCW. Elbarkouky 2008 and Elbarkouky et al. 2010 found that supplementation 

of broiler diets with yeast cells improved the performance parameters affected by OTA. They indicated 

that addition of yeast cells to broiler diets providing the partial protection against the harmful effects of 

OTA. Similar findings were reported by Stanley et al. 1993; Newman, 1994; Mahesh and Devegowda, 

1996 and Volkl and Karlovsky, 1998. It was found that live yeast cell improves the weight gain in 

broilers fed with mycotoxin contaminated feed. Saccharomyces cerevisiae ameliorated the mycotoxin 

effects by the adsorption of toxin on the cell wall of yeast, with elimination of OTA in faeces. These 

beneficial effects are due to glucomannan (EG), present in cell wall of yeast. Furthermore, yeast cells 

produce certain enzymes that interact with the mycotoxins, in addition to that it also provide vitamins, 

enzymes and growth protein beneficial for the productive performance of broilers. In this regard, Shane 

1999 has shown glucomannan and its derived compounds from the cell wall of yeast have a high 

adsorption capacity for the mycotoxins within the intestinal tract. Supplemetation of glucomannan 

compounds to poultry feed has improved growth rate in the presence of mycotoxin contamination. 

Amelioration of toxicity of mycotoxin by yeast is due to mannan in the cell wall of yeast. Esterified 

glucomannan (EG) have high adsorption potential (97%) with mycotoxins (Diaz et al. 2002). 

According to Swamy et al. 2002, adsorbent made up of esterified glucomannan (EG) effectively 

reduce the toxic effects of different mycotoxins present in naturally contaminated feed. They 

hypothesized that the mycotoxins are adsorbed to glucomannan matrix preventing its absorption from 

the intestine. Addition of esterified glucomannan to poultry feed reduces the toxic effects of naturally 

contaminated feed with OTA on performance of broilers (Aravind et al. 2003). Raju and Devegowda 

2000, found additional improvement in broiler performance, organ weight and hematological 

parameters in broilers fed with mannan oligosaccharide without toxins. Improvement in broiler 

performance is possibly due to presence of good quality proteins in yeast. Moreover, Santin et al. 2001b 

showed that improvement in performance of broilers fed on diet supplemented with yeast cell wall is 

attributed to improvement in the intestinal mucosa aspects caused by yeast. In this respect, additions of 

yeast to broiler diet provided significant improvements in all performance measurements of birds and 

did not produce any negative changes (Elbarkouky et al. 2010). Weight gain in group having feed 

supplemented with whey along with ochratoxin A is in accordance with (Kermanshahi, and Rostami. 

2006). The addition of whey as a prebiotic to diet improves broiler weight gain. This weight gain is 

attributed to improvement in the functioning of gastrointestinal tract (Coates et al. 1963). It was 

observed that there is a strong interaction between prebiotics and the gastrointestinal micro flora. The 

increase in growth rate of birds fed with diets containing prebiotic indicate that these prebiotics are a 

suitable alternative to antibiotics and antimycotoxins used as growth promoters (Nagarachi et al. 2010). 

5.2.2 Feed consumption (FC) and feed conversion ratio (FCR) 

Data presented in Table (4.2 and 4.3) show the effects of dietary supplementation on Feed 

consumption and FCR in broiler chicks from 1 to 35days of age. It could be clearly noticed that the feed 

consumption was adversely affected by OTA contaminated diet. The trend was clearly observed in 

OTA group throughout the experimental period from the first week till the last week of the experiment 

when compared with other experimental groups. Supplementing broiler diets with yeast sludge, YSCM, 

YSCW and dried whey improved the intestinal mucosa aspects, which is linked to the improvement in 

FC of broilers fed with OTA contaminated diets. In case of FCR, the results of the present investigation 

(Table 4.3) show that FCR was increased in OTA groupwhen compared to other groups. The addition 

of yeast sludge components, whey and commercial binder to broiler diets showed improvement in FCR 

of birds fed with OTA-contaminated ration. The reduction in FC and worse FCR in broiler birds fed 

with OTA supplemented diet observed in the present study are in accordance with Zahoor et al. 2010 

and Bhatti at al. 2016. Furthermore, Burditt et al. 1984 pointed out that OTA was one of the possible 
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causes in poultry farms acting as feed refusal factors. They recorded a refusal of feed during OTA in 

turkeys. In this respect, Hamilton et al. 1982, Huff and Ruff 1982, Kubena et al 1989, Raina et al. 1991, 

and Abo El –Fetouh et al. 2017 also found that broiler birds fed with OTA supplemented diet have poor 

FCR and decreased feed consumption. The FC and FCR were altered in a manner dependent on with 

OTA concentration. The present findings also are in accordance with those Gibson et al. 1989, El-

Karim et al. 1991, who observed that the FCR was elevated in the OTA-fed broiler chicks and this 

increase is attributed to adversely altered protein metabolism. In addition, feed intake was decreased 

and FCR increased in male chicks fed OTA-supplementated diet (Hoehler and Marquardt, 1996). 

Current results also revealed that weight gain was decreased and feed conversion ratio was increased in 

broiler chicks fed OTA supplemented ration. Verma et al. 2004 reported that OTA adversely alter the 

productive performance of broilers. A significant depression in FC and poorer FCR were recorded in 

broilers fed a contaminated diet with OTA as compared with controls. In this respect, Elaroussi et al. 

2006 attributed the decreased FC, increased FCR as results to the decreased serum T4, and increased 

serum T3 levels provoked by OTA. Koynarski et al. 2007, Hanif et al. 2008 and Sawale et al. 2009 

found that dietary inclusion of OTA adversely affected both FC and FCR. Sakhare et al. 2007 reported 

that feed conversion ratio was significantly decreased in broiler chicks fed OTA-supplemented diet 

from one-day old to six week of age. Furthermore, according to several studies by El-Barkouky and 

Abu-Taleb 2008, El-Barkouky et al. 2010 and Abu al Fetouh et al, 2017 FC and FCR were significantly 

altered in broilers fed OTA-contaminated diets at a concentration ranging from 50 -200 ppb. On the 

other hand, Huff and Doerr 1981 found that OTA had no adverse effect on FCR in broiler birds fed 

OTA-contaminated diets for 3 weeks from hatching.  Devegowda et al. 1998 and Dvorska and Surai 

2001 reported that modified yeast cell wall mannanoligosaccharide (MOS) and esterified glucomannan 

(EG) a cell wall derivatives of yeast has been shown to effectively bind several mycotoxins 

(ochratoxins, aflatoxins and fusariotoxins). The reduction of toxic effects of mycotoxins may be due to 

mycotoxin adsorption ability. 

Raju and Devegowda 2000 revealed a significant reduction in OTA-dependent toxic effects in 

broilers by the addition of esterified-glucomannan to contaminated broiler diets. Glucomannan polymer 

extracted from the yeast cell wall has the ability to bind several mycotoxins that were found 

individually and combined in broiler feeds. The addition of MOS into the normal uncontaminated diet 

showed additional benefits on broiler performance. Furthermore Yildiz et al. 2004 found that addition 

of live yeast or yeast component MOS into the mycotoxin contaminated diet of Japanese quail reduced 

the hazardous effects of mycotoxins on FCR from the first week. The cell wall of yeast normally 

containsMOS, and this substance has improved feed conversion of birds in some investigations 

independent of mycotoxins in diet (Fritts and Waldroup, 2003 and Aravind et al. 2003).  

Dvorska and Surai 2001 reported that modified mannanoligosaccharide (MOS) and esterified 

glucomannan (EG) a derivatives of yeast cell wall has been shown to effectively adsorb several 

mycotoxins (aflatoxins, ochratoxins and fusariotoxins).  

Santin et al. 2001a and 2003 showed a significant improvment in FCR of broilers fed the diet with 

yeast (20%) and cell wall of yeast cells (0.1%) either exposed or not exposed to mycotoxins. They 

concluded that Esterified glucomannan have considerably high adsorption ability (80–97%) with 

mycotoxins (Diaz et al. 2002). Swamy et al. 2002 observed that esterified glucomannan (EG) 

effectively reduced the deleterious effects of multiple mycotoxins present in naturally contaminated 

feed. They suggested that the glucomannan matrix adsorb mycotoxins preventing its absorption from 

the intestine. Caridi  2007 reported that yeast strains has the ability to adsorb mycotoxins, thus 

minimizing their gastrointestinal bioavailability. They observed that yeast mannoprotein is an important 

substance for removal of OTA. This product is more beneficial than other inorganic adsorbents because 
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it does not bind vitamins or minerals (Lawlor and Lynch, 2005). In this respect, Schatzmayr et al. 2004 

suggested that the harmful effects of OTA on broilers could be reduced  by addition of stabilized 

Trichosporon spp. yeast cells.  

Birds fed with whey along with ochratoxin A shows an improvement in FCR. Pelicano et al. 

2004, and Pelícia et al. 2004 also reported improvement in FCR in birds fed with whey alone. Wolf et al 

1998 suggested that fermentable carbohydrates increases the growth of beneficial bacteria in the hind 

gut increased due to availability of substrate (the prebiotic) for their growth reaching the hind gut. In the 

absence of carbohydrates, bacteria utilize amino acids and breakdown these amino to obtain energy 

(Russell et al. 1991).When enough energy source is available for the growth of bacteria, the nitrogenous 

waste products decreases and the amount of faecal nitrogen increases due to bacterial mass (Cummings 

et al. 1987). The presence of carbohydrates in diet causes a impaired amino acid digestibility, especially 

when high levels of disaccharides or oligosaccharide werepresent in diet. Positive effects of 

oligosaccharides (prebiotic) on nutrient digestibility were observed by Wu et al. 1999 and Batal & 

Parsons, 2002. Antiochratoxin effect of whey can be attributed to its capacity to increase the 

lactobacillus count in the gut of the poultry (Zarei et al. 2018) because it can efficiently adsorb 

ochratoxin A from the gastrointestinal tract of the poultry.  

5.3.3 Mortality 

Data presented in Table (4.4) show that birds offered diet supplemented with 200ppb OTA has 

the highest mortality rate as compared to the other groups. At the first week of experiment, mortality 

was almost similar in all groups, thereafter mortality was increased in OTA group as compared with the 

rest of groups. 

Supplementing broiler diets with yeast sludge, YSCM, YSCW and whey in presence of OTA 

alleviate the toxic effect of OTA on broiler mortality. Percent  mortality was 6.8, 9.2, 5.6, 5.2, 5.2, 4 

and 7.6 respectively in control, 200ppb OTA, 200ppb OTA + yeast sludge, 200ppb OTA + yeast sludge 

cell mass, 200ppb OTA + yeast sludge cell wall, 200ppb OTA + dried whey groups and 200ppb OTA + 

commercial Binder Group respectively. At the same time, addition of whey in the presence of OTA did 

not result in negative changes and least mortality was recorded as compared with all the other groups. 

On the other hand, yeast sludge supplementation during ochratoxicosis (OTA+yeast sludge) might have 

prevented the toxic effects of OTA on mortality. The increased mortality ratein broilers fed OTA 

contaminated diet has been documented. Maning and Wyatt 1984 studied the effect of diet 

contaminated with OTA in different chemical forms. All chemical forms of OTA caused significant 

increases in the cumulative mortality that ranged from 10 to 17 % as compared with controls. In 

addition, Gibson et al. 1989 observed that contamination of broiler diets with OTA at 200 and 400 ppb 

caused significant increases in mortality and reached to 21.9 % compared. Furthermore, Niemiec et al. 

1991 reported that OTA caused 22.2 % mortality in broiler chicks fed with1.5 μg OTA / g of feed for 5 

weeks of age. Kumar et al. 2003 also reported 35.7% mortality in chicks fed with 2 ppm OTA in the 

presence of  E. coli infection as compared to 14% in chicks infected with Escherichia coli without 

OTA. Also, Elaroussi et al. 2006 reported 5.23% of mortality at a level of 400ppb OTA and 12.98 %  at 

a level 800 ppb OTA included in Broilers diet compared with 1.25 % for the control. Moreover, Huff 

and Doerr 1981 showed that the supplementation of OTA to broiler ration from hatching increased 

mortality. Also, significant increase in mortality (6 / 20) was noticed in the broiler chicks fed diet 

contaminated with 3 ppm of OTA for the first 26 days of age (Kubena et al. 1983). In another report, 

Kubena et al. 1989 observed that male broiler chicks raised on OTA supplemented diet at a level 

200ppb for three weeks had higher mortality of 10 %. El-Barkouky and Abu-Taleb 2008 observed that 

contamination of broiler diet with OTA at of 50-100 ppb caused a significant increase in mortality rate 

of broilers. The effects of OTA were dose dependent. Furthermore, broiler chicks offered with a diet 
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supplemented with OTA at a level of 200 ppp for 5 weeks from hatch recorded the highest mortality (6-

8 %), when compared with the controls (El-Barkouky et al. 2010). Results of the current study (Table 

4.5) revealed that the supplementation of yeast sludge, YSCM, YSCW, whey and commercial binder 

(protemyc) to broiler chicks fed OTA- contaminated diets alleviate the adverse effect of OTA on broiler 

mortality. These results are in a harmony with the reported results of Shane 1999 that the addition of 

glucomannan compounds from the cell wall of yeast to poultry diets has improved survival rates in the 

presence of mycotoxin contamination. Glucomannan compounds extracted from yeast stimulated the 

immune response of Broiler chicks. 

In this respect, the results of Elbarkouky 2008 and Elbarkouky et al. 2010 reported that broiler 

chicks fed a contaminated ration with OTA at levels of 50-200 ppb during the first 35 days of age 

recorded higher mortality (8%) than the control. The addition of Sc to broiler diets provided protection 

against the deleterious effects of OTA reported by Galvano et al. 2001 and Schaaf et al. 2002. 

Elbarkouky and Abu-Taleb 2008 and Elbarkouky et al. 2010 found that the presence of OTA at dietary 

levels of 50-200 ppb in broiler diets significantlyincreased the mortality.  

5.4 Biochemical parameters 

5.4.1 Blood proteins (Total poteins (TP) and Albumin (Alb)  

Table (4.5) illustrates the dietary treatment effects by supplementing broiler diets with 200ppb 

OTA, 200ppb OTA + yeast sludge, 200ppb OTA +YSCM, 200ppb OTA + YSCW, 200ppb OTA + 

whey and 200ppb OTA and commercial binder (protymec) groups respectively,  for 5 weeks on serum 

protein levels (TP and Alb) of broiler chicks. The results in Table (4.5) indicate that OTA 

supplementation to broiler diets at 200 ppb (OTA group) caused significant decreases in serum TP and 

Alb levels compared with other groups. Current results also showed that the inclusion of yeast sludge, 

YSCM, YSCW, whey and commercial binder in the OTA contaminated diets improved serum TP and 

albumin levels of broilers as compared with the OTA contaminated group. At 5 weeks of age, OTA 

group had significantly the lowest level compared with OTA- free diet and other groups. The current 

results also showed that dietary supplementation with industrial waste to broiler chicks subjected to 

ochratoxicosis, significantly alleviated the deleterious of OTA on serum TP and albumin and 

counteracted these negative effects of OTA on albumin, but without significance. The negative effects 

of OTA on serum blood proteins of broilers observed in the present study are in agreement with the 

previous investigations.  Similar reduction in blood proteins were reported when broiler chicks were 

offered OTA supplemented diet  at a level of 130-790 ppb or 567 ppb (Garcia et al. 2003) and at 0.5 – 4 

mg / kg feed (Sawale et al. 2009) and 10mg/Kg (Zahoor et al. 2010). They indicated that the low TP 

concentration is due to the decrease in Alb levels or to pathological alteration in the liver that results in 

a decreaseds hepatic protein synthesis. Sakhare et al. 2007 used the same levels of OA (200 ppb) and 

found that there was significant decreases in serum total protein and albumin  at 21 days of age and 

these changes were more noticeable at 42 days of age, indicating that the effects of OTA was time-

dependent. It was suggested that the reduction in blood proteins caused by OTA could be due to 

pathological alteration in liver provoked by OTA. Similar findings were also reported by El-Barkouky 

and Abu-Taleb, 2008 as OTA was administered at a level of 50 and 100 ppb. A change in serum 

proteins reflect liver function and are very sensitive indicators of ochratoxicosis. Liver dysfunction was 

further supported by the significant reduction in TP and Alb of OTA-treated groups, as OTA negatively 

effect hepatic protein synthesis. The improvement in total protein and albumin with the addition of 

yeast sludge were also reported by Mujahid et al. 2012 and Khan et al 2017 and this improvement in 

total protein level is attributed to good quality proteins present in yeast sludge. 

5.3.2 Liver function (AST and ALT enzymes) 
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Data presented in Table (4.6) show the effects of different treatments on liver functions of broiler 

chicks determined by the activity of AST and ALT in broiler chicks. Results in Table (4.6) indicate that 

broiler chicks fed supplemented diets with OTA at level of 200 ppb (B group) showed significant rise in 

serum concentrations of liver enzymes (AST and ALT) when compared with other groups. These 

results reflect that OTA caused a detrimental effect on the liver functions through its effects on serum 

transaminase activity. Addition of yeast sludge products and whey to broilers fed OTA coontaminated 

diets significantly improved the values of AST and ALT and diminished the negative effects of OTA on 

liver enzymes. The function of serum transaminase enzymes in the living cells is the transfer of the 

amino group from an amino acid to synthesize another one; in addition, those enzymes play an 

important role in gluconeogenesis. Elevation in serum activity of AST and ALT is a major and sensitive 

indicator of liver damage and necrosis (Harper et al. 1977). In the present study, serum levels of those 

two enzymes were determined to find out liver damage during ochratoxicosis in broilers. In this respect, 

Bailey et al. 1989 reported that AST activity was significantly higher among the broilers fed OTA 

contaminated feed for 3 weeks of hatch when compared with the controls. Furthermore AST is the most 

abundant enzyme in the liver, heart and skeletal muscles and in a clinical sense, elevated activities of 

AST indicates myocardial infarction, liver disease or muscle atrophy. Similar results to that obtained in 

this study were reported by Raina et al. 1991, where serum levels of AST and ALT were raised 

progressively in OTA-treated broilers from 14-day post feeding with the 1 μg / g feed of OTA from 7 to 

49 days of age. The increased levels of both enzymes in the broiler serum were linked to cellular 

damage and increase plasma membrane permeability. At the same time, Santin et al. 2002a and Kumar 

et al. 2003, also mentioned that presence of OTA in broiler diets increased the serum concentrations of 

liver enzymes. Serum concentrations of AST and ALT were significantly increased in the broilers 

intoxicated with 2 ppm OTA from hatching to 5 weeks of age. In this regard, Elaroussi et al. 2008 

observed significant increases in AST and ALT levels in broilers fed OTA supplementated diet from 

400ppb to 800 ppb for 5 weeks after hatch. Serum levels of AST and ALT were important physiological 

indicators for liver function, where increasing AST and ALT concentrations reflects impaired amino 

acid metabolism, a condition that results from liver stress, which in turn leads to liver cell damage 

indicating liver dysfunction in broilers exposed to this toxin. 

Moreover, Koynarski et al. 2007 concluded that the increase in AST concentration in broilers 

during ochratoxicosis may be due to the degenerative changes occurred in the internal organs as results 

provoked by OTA intoxication. Similarly, Hanif et al. 2008, explained that broiler chicks fed artificially 

contaminated diet with OTA at two dietary levels of 0.5 and 1 ppm for 42 days showed a significant 

increase in serum content of AST at 28 and 42 days than those of the control group. The effects of 0.5 

ppm OTA was less marked than 1 ppm, indicating that the effects of OTA were dose – dependent. On 

the other hand, present results are in disagreement with those of Kubena et al. (1983, 1985, 1986, 1988 

and 1989), Bailey et al. 1990 and Huff et al. 1992. reported that there were no significant differences in 

serum AST and ALT activities of broiler and Leghorn chicks fed starter diets supplemented with OTA 

at levels of 2 to 4 μg / g feed when compared with the controls. Also, Denli et al. 2008 reported that 

serum activities of ALT and AST were not affected when laying hens, 47 weeks of age were fed a 

ration contaminated with 2 mg pure crystalline OTA / kg diet for 3 weeks. 

Results obtained in the present study indicated that significant differences were observed when 

broilers diet were supplemented with OTA, OTA + yeast sludge, OtA +Yeast sludge cell mass, OA + 

yeast sludge cell wall, OTA+ whey and OTA + commercial binder on values of AST and ALT. Present 

study indicated that diet contaminated with OTA alleviated the negative effects of OTA on liver 

enzymes. These results are coincided with the previous results reported by Agawane and Lonkar 

(2004), who observed that addition of probiotic containing yeast culture Saccharomyces boulardii at 10 
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mg/kg of feed to broiler feeds showed improvement in serum ALT enzyme when OTA was at 0.5 ppm. 

Increasing serum concentration of ALT in broilers fed OTA-containing diets may be due to the necrosis 

of hepatocytes releasing the enzyme after the damage. The improvement in the enzyme concentration in 

broilers fed with Saccharomyces boulardii indicated alleviation of the harmful effects of OTA due to its 

decreased absorption in the body. They also observed that  saccharomyces boulardii produces a 

protease, a toxin binding enzyme that binds to toxin receptor located on the epithelial cells of the gastro 

- intestinal tract and enzymatically alters them. Thus, toxin cannot degrade the epitheliums, which lead 

to decreased absorption and reduction in toxic effect of OTA. Raju and Devegowda (2000) reported that 

incorporated esterifiedglucomannan (EG) into the diets of broiler chicks fed the diet contaminated with 

multiple mycotoxins (ochratoxin, aflatoxin and T-2) resulted in decreased activities of serum AST and 

ALT that were elevated by mycotoxins, indicating improvement in mycotoxicosis in broiler chicks.  

Khan et al 2017 also reported that OTA significantly increased the activity of Liver function enzymes 

and 2 percent yeast sludge improved the level of ALT  

5.3.3 Kidney Function Tests (Serum Creatinine levels) 

Measurement of serum concentrations of creatinine is the indicators to estimate kidney functions 

and it is often considered important in the assessment of the state of kidney. In the present study, serum 

contents of creatinine were directly affected by OTA supplementation (Table 4.7). The significant 

increased levels of uric acid and creatinine in the OTA-treated birds are consistent with previous reports 

showing that serum concentrations creatinine were significantly increased in broilers subjected to 

consuming OTA-supplemented diets at dietary levels of 130, 305 or 790 ppb (Stove et al. 2000 and 

2002a), 567 ppb (Garcia et al., 2003), and 75, 150 and 300ppb (Mohiuddin et al., 1992 and 1993 and 

Patil et al., 2005). In this respect, in a series of experiments conducted by Kubena et al. (1983, 1988 and 

1989), the serum creatinine levels were significantly elevated by 17.2 % respectively, when broiler 

chicks were fed a diet contaminated with 200 or 300 ppb OTA. It was indicated that the elevation in the 

serum creatinine levels was accompanied by the increase in relative kidney weight in the OTA-fed 

chicks indicating impaired renal excretory functions. 

Furthermore, creatinine concentrations were also reported to increase significantly when OTA 

was fed as dietary supplementation to broilers at levels ranging from 100 – 400ppb feed for 3 weeks of 

hatch (Kumar et al. 2003). It was concluded that OTA is a nephrotoxin in broiler chicks that induced 

reduction in the rate of glomerular filtration, caused by impaired renal function. OTA-supplemented 

diets at level of 2 μg / g feed for 3 weeks after hatch. In this regard, Stoev et al. 2002b and Koynarski et 

al. 2007 reported that specific pathogen- free Plymouth Rock chicks fed a contaminated ration with 

OTA toxin at 1 to 5 ppm, developed significant increases in the serum concentrations of uric acid, 

creatinine, urea and non-protein nitrogen towards the control birds.  

Furthermore Elaroussi et al. 2008 observed significant increases in serum creatinine levels in the 

OTA-treated broilers at levels of 400 or 800 ppb for the first 35 days of age. In addition, histological 

alterations were observed in these groups, which in turn indicated an impairment in renal function as 

kidney is a major site for OTA toxic action. The adverse effects of OTA on serum levels of creatinine in 

broilers were also reported in laying birds. In this respect, Agawane and Lonkar 2004 reported that 

OTA contaminated diet at a level of 500 ppb caused a significant increase in creatinine concentration of 

broilers. On the other hand, significant improvement in creatinine concentration of broilers was 

observed as a result of addition yeast culture Saccharomyces boulardii at 10 mg /kg to broiler diets 

intoxicated with OTA. Also, Basmacıoglu et al. 2005 reported that the addition of esterified 

glucomannan; (EG) at 0.5% and 1% to the Aflatoxin containing diet significantly recovered the adverse 

effects of Aflatoxin on serum content of creatinine in broilers treated with 200ppb total aflatoxin in 



Discussion                                                                                                                                      

52 

 

their diets. Lawlor and Lynch 2005 indicated that MOS effectively bind ochratoxins and aflatoxin. This 

product does not bind vitamins or minerals, so it is more beneficial than other binders. 

5.3.4 Immunological parameters 

One of the drastic effects of OTA is its ability to compromise the immune system functions. The 

effects of OTA on immunity and resistance are often difficult to recognize, because it predisposed the 

animal to infection. The current results obtained in this study and presented in Table (4.8) demonstrate 

that group fed with OTA had inferiority in antibody titers against NDV. This inferiority was 

significantly behind all other groups. At the same time, these groups had lower peak of antibody titer. 

On the other hand, group treated with yeast sludge cell wall along with OTA significantly harvested the 

highest antibody titer against NDV compared to all groups fed OTA- contaminated diets. Table (4.8) 

also shows that dietary supplementation with yeast sludge, YSCM, YSCW and dried whey to broiler 

chicks for 5 weeks of age led to numerical increase in the amount of antibody produced against NDV, 

indicating the beneficial role of these supplementations on immune response in broilers. Current results 

also showed that supplemented broiler diets with yeast sludge derivatives and dried whey to broilers 

lied under the effect of OTA, caused an increase in the antibody produced against NDV when compared 

with the amount of antibody produced in birds group fed OTA contaminated diets.  

Addition of dried whey individually to broiler chicks subjected to intoxication with OTA in the 

present study result in beneficial effects against the negative effects of OTA on immune response. 

Whey supplementation reveals significant improvement in antibody titer against NDV. 

The significant decrease in antibody production against NDV as results of contaminated broiler 

diets with OTA observed in the present study is consistent with previous reports. Elaroussi et al 2006 

reported that OTA caused a severe reduction in leukocytes in all treated broiler groups, and this was 

manifested mainly by reduction in lymphocytes and heterophils. They observed that OTA reduced the 

protective effect against NDV. In addition, they found lower heamagglutinin titer against NDV in OTA-

treated birds at 35 days of age than that of the control birds. Similar results were also reported by El 

Karim et al. 1991, where reduction in total count of leucocytes, heterophils and lymphocytes were 

observed in broilers fed with diet containing OTA for the first 3 weeks of age. They also recorded that 

HA test against SRBC revealed higher titer of the control birds than other groups that consumed OTA. 

A challenge test using velogenic strain of NDV showed that some chickens from that consumed OTA 

were ill with the characteristic symptoms of ND and others died which may indicate that OTA had a 

bad effect on the immune system of the chickens. Mycotoxins categorized as potent inhibitors of the 

avian immune response by reducing protein synthesis and imposing significant effects on health of 

birds because of their interference with vaccination programs (Gabal and Azzam, 1998). Stove et al. 

2000, showed that dietary supplementation with different concentrations of OTA fed to broiler chicks at 

130, 305 and 790 ppb significantly lowered HI titres against NDV as compared with the control chicks. 

Similar findings were also reported by Santin et al. 2001a and 2002b, that supplementing broiler diet 

with OTA at a level of 2 ppm leads to lower vaccinal titers of NDV than the titers produced in the 

control chicks, showing the effects of OTA on the humoral immune response of broilers. O’Brien and 

Dietrich 2005 linked effect of OTA on immunity to the decrease in the division and differentiation of 

WBCs. Elaroussi et al. 2006 and 2008 fed broiler chicks for the first 35 days of age on basal broiler 

diets contaminated with OTA at two dietary levels of 0.4 and 0.8 ppm to observe the effects of OTA 

contamination on the immune response to the immunization with NDV. Significant sharp decrease in 

antibody titer (three, seven and ten days after immunization) in both ochratoxicated groups of birds 

(high and low level of OTA) as compared to control birds. In addition, AL-Anati and Petzinger 2006 

observed that the immunosuppressive effect of OTA is caused by reduction decrease in the size of 

spleen, lymph nodes, and thymus,  decrease in antibody responses, reduction in immune cell number 
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and function and alteration of cytokine production. The immunosuppressive effects of OTA were 

attributed to necrotic changes and cell death, in combination with reduction in replacement of  damaged 

immune cells, due to reduction in protein synthesis. Sakhare et al. 2007 studied that dietary 

supplementation of OTA to broiler chicks at a level of 200 ppb for 6 weeks  significantly reduced the 

humoral immune response assessed by estimating HI titer at weekly intervals against NDV post 

vaccination compared to the control. It was found that the reduced immune response could be 

determined by decreased protein synthesis, adversely altered processing of antigen due to impaired 

phagocytosis. In addition, significant decrease in HA titre against SRBC was observed in birds (3.73 ± 

0.22) as results of inclusion of OTA in the diet at 1 ppm when compared with 5.0 ± 0.29 or the control 

birds (Sawale et al. 2009).  

The deleterious effects of OTA on the immune system of broiler birds can be attributed to several 

mechanisms such as it interferes with protein, DNA and RNA synthesis through inhibition of enzyme 

known as phenylalanine-t-RNA synthetase by phenylalanine part of OTA that results in decrease 

plasma proteins and immunoglobulin (Hsieh, 1987 and Marquardt and Frohlich, 1992). Decrease in 

Leucocyte count (lymphocytopenia and monocytopenia) that is observed during ochratoxicosis can 

adversely affect immunoglobulin production (Effat, 1989). Inhibition of antigen processing due to 

monocytopenia or the adverse effect of OTA on macrophage and phagocytosis (Creppy et al.1983a). 

The reduction in the production of immunoglobulin producing cells and the decrease in serum 

immunoglobulin can be considered a sequel to the damage of the lymphoid organs and their lymphoid 

cell population that is observed in fowl during ochratoxicosis (Dwivedi and Burns, 1984b and 1985). 

The beneficial effects of adding yeast sludge fraction against the harmfull effects of OTA on the 

immune response of broiler chicks in the present study were in accordance with the report of 

Devegowda (1997), who observed the beneficial effects of viable yeast culture when supplemented to 

mycotoxins- contaminated diets in poultry performance. Besides the beneficial effects on performance, 

the most significant improvement was observed in size of the bursa of Fabricus and increased levels of 

circulating immunoglobulins. Also, Shane (1999) suggested that Esterified Glucomanan (EG) decreases 

the immunosuppressive effect of mycotoxins and enhance the immune response resulting in higher 

antibody level in response to the vaccines. In this respect, EG supplementation was helpful in reducing 

the harmful effects of ochratoxin, aflatoxin, and T-2 toxin in broilers. Modified glucomannan also raise 

antibody titers against NDV, which was decreased by combined dietary mycotoxins. These compounds 

adsorb mycotoxins, improve the immune system and compete for binding sites on enterocytes. It was 

hypothesized that the mycotoxin molecules might got adsorbed in glucomannan matrix and prevent 

toxin absorption from the gastrointestinal tract (Raju and Devegowda, 2000). Elbarkouky 2008 also 

observed that supplementation of broiler diets with Saccharomyces Cervesiae at 200 mg / kg diet 

improved  WBC counts, which were reduced by OTA at levels of 50 or 100 ppb. Shahzad et al. 2014 

observed that dietary OTA supplementation in combination with AFB1 to quail results in significant 

decrease in WBC count. Saccharomyces cerevisiae that have been used as supplements for performance 

promoter in animal for decades, were found to have beneficial effect on immune response in broilers 

exposed to mycotoxins (Newman, 1994 and Savage et al. 1996). 

Regarding the effects of adding whey during ochratoxicosis in this study; whey supplementation 

to OTA- fed broilers did reveal significant increase in antibody titer against immunization with NDV. 

These findings agree with Mansour et al. 2011, who explained that supplementation of diet of O 

niloticus with whey improved the antibody titer against A. hydrophila. Whey protein concentrates 

enhanced Leukocyte proliferation and antibody production (Knowles and Gill, 2002). 

Increase in antibody titer in case of whey is attributed to presence biologically important 

biomolecules in whey. These molecules are known to have enhanced the immune response (Knowles 
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and Gill 2002). The biologically active molecules of whey include whey proteins such as beta-

lactoglobulin, alphalactalbumin, lactoferrin, immunoglobulins and  glycomacropeptide,  demonstrate a 

range of immune system enhancing properties (Horton, 1997).  Also, whey protein concentrates 

significantly increased serum and intestinal tract antibody responses to antigens (Rutherfurd-Markwick, 

et al. 2005). Similar improvement in immune response of cultured oreochromus niloticus was observed 

when whey was included in OTA contaminated diet. Supplimentation of whey results in antibody 

response against SRBCs. 

5.4 Gross Pathology 

Gross pathological changes especially the enlarged and pale discolouration of liver and/or kidneys 

were similar to previous reports of Kumar et al. 2004; Elaroussi et al. 2008; Hameed et al. 2013 and Joo 

et al. 2013. The enlargement of the liver and kidneys in OTA group (Group B) as seen in the present 

study are attributed the fact that liver and kidney are involved in detoxification and elimination of OTA. 

Moreover, OTA is known to have direct toxic action (Stoev et al. 2000) and high level of 

bioaccumulation effect in these two organs (Biro et al. 2002). Kumar et al. 2004 also reported gross 

lesions on kidney, swollen kidney and liver, and reduced size of lymphatic organs such as spleen and 

bursa of Fabricius in ochratoxicated Broilers. It was also reported that it does not cause any type of 

lesions on the heart. Abidin, 2010 reported that the outer layer of liver becomes thickened. Hamilton et 

al. 1982 reported that nephrotoxicity in OTA effected Broilers was characterized by pale and swollen 

kidneys. 

The intensity and severity of gross hepatic and renal lesions were less prominent in yeast sludge, 

YSCM, YSCW, whey and commercial binder treated birds when compared to those seen in the group 

treated with OTA alone.  The present study clearly suggested ameliorating efficacy of these substances 

in ochratoxicosis in birds. Pathan et al. 2006 also reported the marked improvement in gross 

pathological changes of various internal organs after addition of Bio-Bantox (5kg/ton feed), an herbal 

toxin binder along with OTA (1.0 mg/kg feed) in diets of broiler chicks. Santin et al. 2002 reported that 

the addition of 0.25% of aluminosilicate in diets of broilers receiving 2 mg/kg of OTA for 21 and 42 

days did not avoid the gross pathological changes of broilers exposed to OTA. Moreover, the inclusion 

of 2% sea buckthorn leaf powder in feed and sea buckthorn leaf extract in water provided partial 

protection against target organ pathology during ochratoxicosis in Japanese quail (Patial et al. 2013b; 

2015). 

5.6 Histological observation 

Histological changes related to dietary supplementation of OA alone and OA with yeast sludge, 

yeast cells, yeast cell wall, whey powder and commercial binder were demonstrated in the kidney, liver 

and bursa of Fabricius. 

5.5.1 Kidney 

Histological examination of kidney in the present study revealed that kidneys of the control, 

group showed normal renal parenchyma and did not show any alteration or histopathological changes 

(Fig 4.16). Histological examination for the kidney of broiler chicks fed diet contaminated with 200 ppb 

OTA (B group) showed significant histological changes including cloudy swelling in the cytoplasm and 

degeneration of proximal convoluted tubules (PCT) and tubular degeneration completely replaced by 

mononuclear leucocytic cell infiltiration, as well as focal renal hemorrhages (Fig 4.16). At the same 

time, histological study for the sections of kidney from the bird group fed supplemented diet with 

OTA+ yeast sludge, OTA +YSCM, OTA +YSCW, OTA + Dried whey and OTA + commercial binder 

(protemyc) showed no appreciable histopathological alterations (Fig.4.16.), indicating the beneficial 

role of yeast sludge, YSCM, YSCW, whey and commercial binder to alleviate the determintal effects of 

OTA. Examined sections of kidney of bird group fed OTA+ whey supplemented diet revealed no 
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histopathological changes (Fig.4.16 F). The above-mentioned results showed that the lesions of OTA 

were mainly found inProximal convoluted tubules (PCT) and in the cortex. These phenomenons 

indicate that OTA have an affinity to PCT, which showed cloudy swelling in the cytoplasm and 

apparent degeneration in the epithelial cells of PCT. First field outbreak of ochratoxicosis in poultry 

was reprted by Hamilton et al. 1982. They reported several natural episodes of ochratoxicosis affecting 

broiler chicks. Nephrotoxicity was characterized by pale, swollen kidneys. Histological studies revealed 

degeneration of the proximal tubules of the kidneys. Most prominent lesions were observed in kidney 

under microscope due to ochratoxicosis; OTA principally affected the Proximal convoluted tubules 

(PCT) in the kidney causing enlargement and hypertrophy. Dwivedi and Burns, 1984a found 

thicknening of glomerular basement membrane in the kidney sections of broilers fed with 2 – 4 ppm 

OTA, the toxicity of OTA was dose related. Moreover, Stoev et al. (2000 and 2004) observed that 

broilers fed diet supplemented with 130, 300 and 800 μg / kg OTA induced degeneration of tubular 

epithelium of granular cells and interstitial nephritis. In another study, Santin et al. 2002b, observed the 

degeneration of renal proximal tubular epithilium in kidney sections of OTA- fed chicks, with 

glomerular basement membrane thickening. In this respect, Schaaf et al. 2002 related cell damage in the 

kidneys by OTA to the formation of  free radicals suc as reactive oxygen species (ROS) (O2, OH, ROO) 

and the depletion of glutathione  concentration  in cells which results in a wide range of degenerative 

changes in membranes, proteins and nucleic acids. Histological findings in broilers fed OTA-

contaminated diets at 567 ppb were swelling and necrosis of kidney tubular cells (Garcia et al. 2003). 

These changes in the kidney could be explained by apoptotic changes. Moreover, Biro et al. 2002 

offered broilers with a diet contaminated with a total of 0.5 mg OTA for 4 weeks and reported changes 

in the form of glomerular, tubulardegenration, tubular epithelial cell proliferation and several adenoma-

like structures in the kidney parenchyma.  Furthermore, Elaroussi et al. 2008 found that 

supplementation of broiler diets with OTA at 400 and 800 ppb leads to severe histological changes in 

internal organs. Dietary OTA supplementation leads to prominent histological changes in the kidney. 

The lesions were mainly observed in the PCT. Ochratoxin A induced changes were observed as 

degenerative changes in granular cells, cloudy swelling in the cytoplasm and Pyknotic nuclei in the 

epithelial cells of PCT. Furthermore, a reduction in corpuscular space in Bowman’s capsule, significant 

degeneration of Malpigian corpuscles and hyalinization of capsular spaces were recorded. These 

changes in the kidney could be attributed to a genetic factor activated by OTA. Furthermore, swollen 

proximal convoluted tubules, and interstitial nephritis were the main histological alterations observed in 

the kidneys of broilers fed OTA at a level of 2 ppm (Gupta et al. 2008). At the same time, the results of 

this study are in agreement with the results reported by Koynarski et al. 2007 and Hanif et al. 2008. 

They observed that degenerative changes in kidneys of OTA-treated broilers. Degeneration of 

granulocyte  as well as karyolysis in epithelial cells of PCTs were observed and focal leukocytic 

infiltration was seen in the kidney interstice. Necrotic debris, granular or hyaline casts was found in the 

lumen of tubles. They attributed these necrotic changes in the epithelial cells of kidneys to elimination 

of OTA via kidneys, resulting in considerable damage to this organ. Sakhare et al. 2007 fed one-day old 

broiler chicks on OTA-contaminated diet at a level of 200 ppb. On the 21st day of age, a section of 

kidneys of OTA-fed birds revealed necrotic changes in tubular epithelium with inflamation, causing 

occlusion of lumen. Hyaline casts in lumen were prominent in some tubules. At the end of experimental 

trial, histological alteration in tubular epithelium were more pronounced. There was infiltration of 

leukocytes in renal parenchyma and hyalinization of glomerular tuft and Bowman’s capsule. It could be 

deduced from the results obtained from the histological examination on the kidneys that supplementing 

broiler diets with yeast sludge fractions and whey in the presence of the OTA lead to alleviate and 

counteract the negative effects of OTA on the functional and histological changes in kidney. No 
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histopathological alterations were found in kidney sections from ochratoxicated broiler chicks 

supplemented in their diets with yeast sludgeand its components. Also, addition of whey to broiler 

chicks during ochratoxicosis may partially counteract the deleterious effects of OTA on histological 

changes of kidneys, reflecting the beneficial effects of adding yeast sludge fractions and whey to broiler 

diets in decreasing the deleterious effects of OTA on kidney tissues. Yiannikouris et al. 2003 found that 

an adsorbent comprising of esterified glucomannan (EG) has been effective in reducing the harmful 

effects of multiple mycotoxins in naturally contaminated feed. According to their findings it was 

discovered that mycotoxins are adsorbed in the glucomannan matrix of Sc, thus limiting their 

bioavailability in gastrointestinal tract and preventing its absorption from the intestine. Also, Peteri et 

al. 2007 reported that both live and dead yeast cells were able to bind significant quantity (up to 250 ng 

/mL) of OTA. On the other hand, in respect to the beneficial effects of adding whey to broiler diets in 

order to alleviate the detrimental effects of OTA on kidney tissues. Present results are in agreement 

with those reported by  Mansour et al. 2011 in Oreochromus niloticus supplementation of  whey to fish 

diets with OTA showed in low dose of OTA group showed slight swelling tubular epithelial cells with 

mild leukocytic infiltration. The effect of high OTA dose with whey on kidney appeared as focal 

tubular necrosis replaced by inflammatory cells 

Significant increases in serum creatinine (kidney function parameters); increased inflammation in 

the kidney  and  histological changes detected in the kidney of OTA - birds group in the present study 

are all indicators of impaired renal function and confirm that the kidneys are the most affected organ 

and a major site for OTA toxic action.  

5.5.2 Liver 

Histopatological investigations in the section of liver showed that untreated chicks (Group A) 

revealed no histopathological changes (Fig 4.17). However, livers of broiler chicks fed OTA- 

contaminated diet (Group B) showed histological changes presented in necrosis of epithelial lining bile 

duct with thickening in its wall (Fig 4.17), as well as hepatic hemorrhage, focal mononuclear cells 

aggregation and portal infiltration with heterophils. Liver of broiler chicks treated with yeast sludge 

(Group C), yeast sludge cell mass (Group D), yeast sludge cell wall (Group E), dried whey (Group F) 

and commercial binder (Group G) in the presence of 200ppb OTA  revealed improvement in the section 

of liver studied for histopathology (Fig 4.17). On the other hand, examined livers of ochratoxicated 

broilers and treated with yeast sludgeYSCM and YSCW showed normal hepatocytes and no 

histopathological changes (Figure 4.17). Liver of group treated with dried whey in the presence of 

ochratoxin A revealed mild changes as compared to the group treated with OTA only. It could be 

concluded from these results that contamination of broiler diets with OTA at 200 ppb resulted in 

histological changes in broiler livers. These changes may be abolished by supplementing broiler diets 

with yeast sludge, Its components and whey these findings were in accordance with Kozaczynski 1994. 

They reported an elevated activity of acid phosphatase inside the liver cells and in the intracellular 

spaces along with glycogen degradation of hepatocytes in OTA-administered broilers. Elaroussi et al. 

2008 and Stoev et al. 2000 and 2004 recorded liver enlargement, swelling, granular degeneration in the 

epithelium and vacuolation of the hepatic cells, as well as, perivascular mononuclear cell infiltration as 

a result of dietary supplementation of OTA in Broilers. Kumar et al. 2004 reported megalocytosis, 

hepatocyte vacuolation with hyperplasia of the biliary epithelium, necrotic changes and mononuclear 

cell infiltration in this organ of OA-treated broilers at 2 ppm as compared with the control. In this 

respect, histological changes observed in the livers of broilers fed OTA supplemented diets at a level of 

567 ppb were bile ducts hyperplasia and swollen and necrotic hepatocytes, (Garcia et al. 2003). 

Moreover, Koynarski et al. 2007 reported that OTA induced degenerative changes in livers of treated 

birds at levels of 4 ppm of OTA, the liver were enlarged and congested with cloudy swelling. In 
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addition there was an activation of endothelium of capilleries and Kupffer’s cells, hyperemia and edema 

of capillaries, perivascular infiltration of mononuclear cells and granular or vacuolar degeneration. 

They attributed the degenerative changes in the liver to possible elimination of OTA via liver, due to 

recirculation and hepatobiliary way of removal of of OTA exerting direct harmful effect of OTA on 

liver. Similarly, Sakhare et al. 2007 subjected broilers to OA-supplemented diet at concentration of 200 

ppb for 6 weeks of age to determine the histopathological alterations in some internal organs of broilers 

during ochratoxicosis. Histological changes in livers of OTA-fed birds showed necrotic changes in the 

parenchyma of  liver. Most of the liver cells were swollen, congested and vacuolated. Proliferation of 

fibrous connective tissue, along with infiltration of scattered leukocytes in necrotic area, was visible in 

OTA-treated broilers as opposed to the control group. Current study revealed that supplemented broiler 

diets with yeast sludge fractions and whey during ochratoxicosis may be beneficial in alleviation of the 

toxic action of OTA in inducing histopathological changes in the liver. These results are similar to 

previous findings reported by Banlunara et al. 2005, who found that supplementation with esterified 

glucomannan, a cell wall derivatives of Saccharomyces Cervesiae, to mycotoxins -contaminated diet 

can reduce the liver damage such as proliferation of bile duct and fatty degeneration. Similarly, Baptista 

et al. 2002 in his study revealed that dried active yeast was able to minimize the toxicity caused by 

mycotoxins in hepatocytes. Mansour et al. 2011 in Oreochromus niloticus supplementation of  whey to 

fish diets with OTA showed improvement in congestion and degeneration of liver cells in case of Low 

dose of ochratoxin A. Meanwhile, with High dose of ochratoxin A the changes appeared as mild focal 

lymphocytic aggregation, swelling and hyper activation of MMCs 

5.5.3 Bursa Fabricius 

Histopatological finding in the sections of the bursa of the control, yeast sludge, YSCM, YSCW , 

dried whey and commercial binder (protemyc) groups in the present study shows that no 

histopathological alteration or any appreciable changes were observed due to OTA (Fig.4.18A). 

Microscopical examination in the sections of the bursa from broiler chicks fed the contaminated diets 

with 200 ppb OTA (Group B) showed histological alteration presented in lymphocytic necrosis and 

depletion especially in the medulla of bursal lymphoid follicles (Fig.4.18B) associated with thin cortical 

layer. On the other hand, dietary supplementations with yeast sludge fraction and whey to broiler chicks 

during ochratoxicosis led to overcome the harmful effects of OTA on the bursa of Fabricius. No 

histopatholpogical alteration were observed in sections of bursa of Fabricius of broilers fed OTA- 

contaminated diets supplemented with yeast sludge, YSCM, YSCW, whey and commercial binder 

(Fig.4.18 C.D.E.F and G). 

Results of histological examination of the bursa of Fabricius of broilers fed diet contaminated  

with OTA  and supplemented with whey did not reveal any major histopathological changes some areas 

show lymphocytic necrosis and depletion (Fig 4.18 F). In general, current study established that 

presence of OTA in the broiler diets caused severe degenerative histological changes in the bursa of 

Fabricius. At the same time, supplemented broiler diets with yeast sludge and its components in the 

presence of OA resulted in reducing and overcoming the toxicity of OA on this important lymphoid 

organ. On the other hand, dietary supplementation with whey to broiler chicks during ochratoxicosis 

may partially reduce the deleterious effects of OTA on tissues of bursa of Fabricus. Moreover, 

administration of OTA at a dose of 1 mg / kg body weight to broilers caused necrotic changes in the 

bursa of Fabricius with severe atrophy of follicles of bursa of fabricious, which lead to a considerable 

reduction in the size of both bursal plicae and as a result the organ as a whole was decreased in size 

(Kozaczynski, 1994). Degenerative alterations such as atrophy of the bursa of Fabricius and reduction 

of lymphocytes in lymphoid follicles were the main histological findings in the bursa of Fabricius of 

broiler chicks exposed to OTA (Stoev et al. 2000 and 2004; Kumar et al. 2004 and Gupta et al. 2008). 



Discussion                                                                                                                                      

58 

 

Moreover, Santin et al. 2002b described a decrease in the bursal mitotic index, resulting from the 

inhibition of protein synthesis, required for the S stage of cell division. Similarly, Koynarski et al. 2007 

found degenerative alterations and reduction of lymphoid cells (karyopyknosis and karyorrhexis) in the 

follicles of bursa of fabricious. Broiler chicks (Plymouth Rock) fed a diet contaminated with OTA at a 

level of 4 ppm for 2 weeks. Sakhare et al. 2007 fed broiler chicks on OTA-supplemented diet at a level 

of 200 ppb for 6 weeks of age. Histological alterations were found in sections of bursa of Fabricius and 

revealed reduction of medullary lymphocytes from bursal follicle, decrease in size of  follicles, and 

overall reduction in normal lymphoid cells and increase in number of damaged lymphoid cells from 

follicle.  Fibrous connective tissue was found to be increased in inter-follicular space. In this respect, 

Elaroussi et al. 2008 showed significant histological alterations in the section of bursa of broilers fed 

the contaminated diets with 800 ppb OA for 2 and 4 weeks. These histological changes were swollen 

follicle-associated epithelium with vacuolated cytoplasm. In addition, follicles of bursa of fabricious of 

OTA-exposed broilers fed with a level of 800 ppb for 4 weeks appeared to be atrophic with some 

lymphoid depletion and lympholysis in follicles with enlarged nuclei in the germinal centre of the 

follicles compared with the control. 

5.6 Tissue Levels of ochratoxin A  

In the study study OTA residues were found in the serum, liver, kidney, Heart and thigh muscles 

of OTA fed group. Whereas in groups fed with diet supplemented with yeast sludge, YSCM, YSCW, 

whey and commercial binder a considerable reduction in tissue levels was detected (Table 4.9). 

According to Galtier et al. 1976 OTA was detected in all tissues studied (serum, kidney, liver and 

muscle), indicating wide tissue distribution. The detection of OTA in tissue samples in the present study 

are in accordance with the several previous investigations (Biro et al.  2002,  Stoev et al. 2004). The 

detection of OTA residues in liver and kidney is probably due to the reason that these tissues are 

directly involved in metabolism of OTA so it exert a direct harmful effect in these organs. OTA has 

short half life in chicken (4 h) (Fuchs, 1988), so, the residual OTA in tissues decreases quickly by 

offering normal diet to chickens before slaughter. However, taking into account that OTA is suspected 

cause of Balkan endemic nephropathy and other kidney disorders (Stoev et al. 1998). The higher 

concentration of this mycotoxin in tissues of chickens exposed toOTA contaminated diet, the possible 

exposure of humans to this harmful toxin through poultry products should not be ignored, discarding 

the organs with higher concentration of toxin should not be consumed as a preventive measure. 

Furthermore, by providing feed free of mycotoxin  for several days before consumption, chances for 

passing OTA residues into food chain can be minimized (Stoev et al. 2004, Stoev, 2010). The data of 

present study demonstrated that OTA levels in broiler tissues followed the pattern serum 

> kidney > liver> heart> muscles. Similar trend was documented for pig by previous investigators 

(Curtui et al. 2001). 

The resultsof present study revealed that mycotoxin present in mycotoxin present in poultry feed 

exert toxic effect on broilers and these  detoxifying agents make a desirable contribution to lowering 

OTA levels tissues. We previously documented that level of ochratoxin A is highest in kidney as 

compared to liver in chicks fed with 500 ppb ochratoxin A and 2 percent of raw distillery yeast sludge 

effectively reduced the level of ochratoxin A in tissues (Mujahid et al. 2012). The results of the present 

study provide a basic knowledge about interaction of OTA with different detoxifying agents. It also 

provide basic information for future studies to fully assess interaction of OTA with other mycotoxins, 

drugs and nutrients.  

5.7 Suggestions 

One of the limitations of this study is that metabolites of  OTA  were not analyzed. Secondly, 

pharmacokinetic bioavailablity of OTA due to yeast sludge, YSCM, YSCW and whey was not 

https://www.sciencedirect.com/science/article/pii/S0034528811003729?via%3Dihub#b0010
https://www.sciencedirect.com/science/article/pii/S0034528811003729?via%3Dihub#b0075
https://www.sciencedirect.com/science/article/pii/S0034528811003729?via%3Dihub#b0030
https://www.sciencedirect.com/science/article/pii/S0034528811003729?via%3Dihub#b0070
https://www.sciencedirect.com/science/article/pii/S0034528811003729?via%3Dihub#b0075
https://www.sciencedirect.com/science/article/pii/S0034528811003729?via%3Dihub#b0080
https://www.sciencedirect.com/science/article/pii/S0034528811003729?via%3Dihub#b0020
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/mycotoxins
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determined. These parameters should be studied in future OTA residue studies. In addition, under field 

conditions OTA levels varies, other antinutritional factors such as drugs and other toxins with harmful 

effects on kidney and liver could also be present. How do these substances effect OTA toxicity and its 

residue levels in tissues remains to be investigated. 

 

5.8 Conclusion 

Due to the presence of ochratoxin A in poultry feed poultry industry is facing economic losses. 

Commercially available binders for mycotoxins are expensive and not economically favourable. 

Industrial waste materials are cheap and easily available, results of present study revealed the 

deleterious effects of the mycotoxin ochratoxin A on broiler health and productive performance.This 

study also revealed a very good preventive action of Industrial waste materials yeast sludge, YSCM, 

YSCW and whey against OTA in terms of productive performance, serum biochemical and 

Histopathological studies. These deactivators are not only beneficial for broiler health but are also are 

economoically favourable. It is also shown that the OTA residues in liver and kidney are suitable bio-

marker to find out the possible exposure of broilers to this particular mycotoxin and can also be helpful 

to provide information about improvement in toxic effects of OTA by using detoxifying agents.
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CHAPTER 6 

SUMMARY 
 

The poultry industry plays a vital role in providing adequate food for the human population in 

most of the countries.  Pakistan is basically an agricultural country and the livestock industry including 

poultry are providing relatively cheaper protein source for consumers and  provide many job 

opportunities in Pakistan. This industry is facing many bottlenecks, such as poultry diseases through 

feed contamination, which lowers its production capacity. The presence of mycotoxins produced by 

molds in poultry feed production is the major reason of chick feed toxicity. Ochratoxin A is a 

mycotoxin produced by certain species of Aspergillus and Pencillium. OTA adversely affect the 

productive performance in Broilers resulting in increased mortality. So, it is imperative to find a method 

to detoxify or eliminate this mycotoxin from poultry feed. 

Industrial waste materials such as yeast sludge and whey are produced in bulk quantities by 

alcohol production Industry and Dairy Industry. These waste materials are not only nutritionally 

beneficial but they also have the potential to detoxify ochratoxin A. 

Ochratoxin A producing fungal strain was procured from Pathology Department, University of 

Agriculture Faisalabad and culture maintained on Sabraud's Dextrose Agar. Ochratoxin A was 

produced by solid state fermentation on wheat grains. Extraction of ochratoxin was performed by 

immunoaffinity column chromatography and  structure confirmed by FTIR analysis. The concentration 

OTA was determined by HPLC. Industrial waste materials was procured from Shukur Gunj sugar Mill 

Jhang and whey were collected from Nestle Factory, Sheikhupura. Proximate analysis of yeast sludge 

and whey was performed to determine the inherent nutritional potential of these substances. For 

biological evaluation day old broiler chicks (n= 1750) were randomly divided into seven groups. Each 

group has five replicates, 50 birds per replicate. The chicks were assigned seven experimental rations A, 

B, C, D, E, F, and G randomly for a period of five weeks. A (Normal Feed), B (Ochratoxin A 200ppb), 

C (200ppb Ochratoxin A and 2% Yeast sludge), D (200ppb Ochratoxin A and 2% Yeast cell mass), E 

(200ppb Ochratoxin A and 2% Yeast cell wall), F (200ppb Ochratoxin A and 2%  whey), G (200ppb 

Ochratoxin A and 2% commercial material used against ochratoxin A). Vaccination against N.D and 

IBD was performed according to standard practice. During feeding trial weight gain/loss, feed 

consumption, FCR and mortality rate was recorded. Serum samples were collected from 

experimental/control birds at the end of the experimental trial by randomly selecting birds from each 

replicate. At the end of trial, one bird from each replicate is slaughtered and tissue sample such as liver, 

kidney, muscle and heart were collected and stored at -20°C for tissue residue analysis and liver kidney 

and Bursa of fabricius were collected in 10% buffered formalin solution for histopathological 

evaluation. Serum Total protein, serum Albumin, Activity of ALT, AST and serum creatinine levels 

were determined by using commercially available kits (Human) by chemistry analyzer. 

Hemagglutination Inhibition titer against NDV was also determined. Ochratoxin A was extracted from 

the samples by using immunoaffinity column chromatography. Levels of OTA in tissues were estimated 

by HPLC.  

Amount of ochratoxin A produced by solid state fermentation on wheat grain was 506 µg per 25g 

wheat biomass. Body weight was significantly decreased in OTA- treated group (Group B) when 

compared to all experimental groups. The adverse effect of OTA on weight gain was observed 

progressively from week 1 to week 5. Addition of yeast sludge, YSCM, YSCW, whey and commercial 

binder significantly improved the weight gain in Broilers. Amount of feed consumed (FC) per chicks 

per week was negatively affected by OTA contaminated diet. The trend was clearly observed in OTA 
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group throughout the experimental period from the first week till the end of the experiment when 

compared with other experimental groups. Supplementing broiler diets with yeast sludge, YSCM, 

YSCW and whey showed improvement in FC of broilers fed with OTA contaminated diets. The 

addition of yeast sludge components, whey and commercial binder to broiler diets showed improvement 

in FCR of birds fed with OTA-contaminated ration. Supplementing broiler diets with yeast sludge, 

YSCM, YSCW and whey in the presence of OTA alleviate the toxic effect of OTA on broiler mortality. 

Biochemical parameters such as serum total protein and albumin were found to be decreased in 

OTA fed group. Supplementation of OTA contaminated feed with yeast sludge, YSCM, YSCW and 

whey significantly improved the level of Serum total protein and Albumin. The activity of ALT, AST 

and serum creatinine level was found to be highest in the group treated with 200ppb OTA as compared 

to other groups due to its hepatotoxic and nephrotoxic effects. Significant improvement was observed in 

all other groups. HI titer against NDV was lowest in OTA treated group as compared to other groups. 

Pathological changes on the liver of OTA treated group was increased size, inflammation and 

yellow discoloration. Kidneys were also swollen and have hemorrahges. Whereas the Liver and kidney 

were almost normal in all other groups only mild effects were observed. Histopathological studies 

revealed that liver of OTA treated birds have severe cellular degeneration, coagulation, necrosis and 

inflammation of inflammatory cells. Improvements were observed in all other groups with mild 

histological changes. Kidney of OTA treated group exhibit cellular degeneration, necrosis in the 

epithelial cells of renal tubules, cellular swelling, pyknosis, karyorecksis in many epithelial cells, the 

cytoplasm of the cells is more homogenous as compared to control. Improvements were observed in all 

the other groups. 

High toxin concentrations were detected in tissue samples of OTA fed group. Whereas in groups 

fed with diet supplemented with yeast sludge, yeast sludge cell mass (YSCM), yeast sludge cell wall 

(YSCW), whey and commercial binder a considerable decrease in plasma and tissue levels was 

observed. 

In conclusion, the present study revealed the adverse effects of the mycotoxin ochratoxin A on 

performance, blood biochemistry and histopathological parameters in broiler chicken. This study also 

revealed very good preventive action of Industrial waste materials yeast sludge, yeast sludge cell mass, 

yeast sludge cell wall and whey in terms of productive performance, serum biochemical, 

Histopathological studies .and tissue residues of ochratoxin A.
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Annexure I 

 

Table 1 Result of proximate analysis of yeast sludge and whey  

Sr. No. Components %values 

Dried Yeast sludge Dried 

concentrated 

Whey  

1 Dry weight 92.9 95.92 

2 Crude protein 19.36 4.4 

3 Crude fiber 0 0 

4 Fat 1.3 0 

5 Ash 10.88 7.5 

6 NFE 61.3 84.02 

7 Total Energy 89.1Kcalories/100g 17.6K cal/100g 

 

 

Table 2   Sabouraud Dextrose Agar (Oxoid, Code: CM0041) 

Typical Formula*  gm/litre 

Mycological peptone 10.0 

Glucose (dextrose) 40.0 

Agar 15.0 

pH 5.6   
 

3. Phosphate buffer saline (PBS) pH 7.4, 0.1 M 

Sodium Chloride 80 g/ L  

Potassium Chloride 2.0 g/L  

Na2HPO4 · 7H2O 21.7 gm/L 

KH2PO4 2.59 gm/L 
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Annexure II 

Publication I 
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Annexure III 

Publication II 
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Annexure IV 

Biochemical Test Report 
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Annexure V 

Postmortem Report 
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Annexure VI 

Calculation of Rate of Return on investment per Bird 

Groups Cost of Production/bird 

PKR 

Price of Broiler per bird 

PKR 

Profit/bird 

PKR 

RRI 

 % 

A 137.2 207 69.8 51 

B 137.2 204 66.8 48 

C 141 214 73 51 

D 148.5 230.35 81.8 55 

E 148.7 231.45 82.75 55 

F 142.5 219.15 76.65 53 

G 147.6 221.4 73.8 51 
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Annexure VII 

Biological Trial 

 
Day old Broilers 

 
Broiler at 14 days of Age 

 
                                                 Broilers at 35 days of Age                                                                        


