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ABSTRACT 
This study was carried out at the experimental animal house and 

laboratory belonging to poultry physiology unit, Biological Application 
Department, Atomic Energy Authority, Egypt from November to December 
(2008). The aim of this work was to investigate the effects of supplementing 
broiler diets with active dried yeast; Saccharomyces cerevisiae (Sc), vitamin C 
(Vit.C) or their combination to alleviate the deleterious effect of ochratoxin A 
(OA) on productive performance, weights, functional and histological profile of 
internal organ and physiological and immunological parameters.  

A total number of 368 sexed male Ross broiler chicks were used in this 
study. The chicks were randomly distributed according to diet supplementation 
into eight groups (46 chicks each) from 1 day old to 5 weeks of age.  

The results obtained showed that presence OA at 200 ppb in broiler diets 
caused significant decrease in body weight, feed consumption and worse feed 
conversion ratio,  hemoglobin, packed cell volume of blood, red and white blood 
cell counts, blood proteins, thyroide hormones, immune response and weights of 
thymus and bursa and alteration in histological picture of kidney, liver and 
bursa. At the same time, a significant increase in relative weights of kidney, 
liver, gizzard, proventriculus, AST, ALT enzymes, uric acid, creatinine in 
addition to high mortality percentage.  

Addition Sc either alone or in combination with vit.C to OA- fed groups 
alleviated the toxic effects of OA on productive performance, immunological, 
hematological, biochemical and histological parameters. On the other hand, the 
addition of vit.C  to OA- contaminated broiler diet did not prevent the negative 
effects of OA observed in chicks, except for some measurements as body 
weight, mortality percentage and blood proteins, although less extent was shown 
compared to the Sc or Sc + vit.C supplementation. 
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  . حماية جزئية ضد التسمم باالوآراتوآسين فى دجاج التسمين

  فاطمة رسمى محمد:  دآتور:    المشرفون 
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  ٢٠١١  / ١ / ١٧ : تاريخ منح الدرجة      إنتاج الدواجن:  فرع           اإلنتاج الحيوانى: قسم

  المستخلص العربي

ة   ذة الدراس ت ه ة أجري ات التجريبي اث الحيوان ة أبح دة  بمزرع ة لوح ل التابع  والمعام
ة    –فسيولوجيا وإنتاج الدواجن بقسم التطبيقات البيولوجية      - مرآز البحوث النووي

ة     ة الذري وفمبر        خ مصر    -هيئة الطاق رة من ن ى الل الفت سمبر    إل  بهدف   ٢٠٠٨ دي
ضارة  حماية طيور التسمين من   فى   ج والخميرة   آفاءة فيتامين   دراسة    التأثيرات ال

سين     موم االوآراتوآ ن س ة م ىالناتج ة و  المعل اييس اإلنتاجي ضاء  أوزان أق ألع
   .والهستولوجيةالمناعية ووالمقاييس الفسيولوجية 

ذة الدراسة عدد           سيمهم               ٣٦٨استخدم فى ه م تق وم ت سمين ذآور عمر ي  آتكوت ت
ة العدد بداية من      مجاميع متساوي  ٨عشوائيا حسب نوع العليقة المقدمة للطيور إلى        

  .اليوم الثالث من العمر وحتى نهاية األسبوع الخامس من بداية الدراسة
د مستوى                أوضحت النتائج أن تلوث عالئق دجاج التسمين مع االوآراتوآسين عن

آجم عليقة أدى إلى انخفاض معنوى فى وزن الجسم واالستهالك          / ميكروجم  ٢٠٠
ذلك ا ذائى وآ ل الغ دل التحوي ذائى ومع دة الغ ا والغ دة البرس سبية لغ ألوزان الن

راء         دم الحم رات ال دد آ ت وع وبين والهيماتوآري ستوى الهيموجل ية وم الثيموس
تجابة    اض االس ضا انخف سين وأي ون الثيروآ دم وهرم ات ال ضاء وبروتين والبي
رات هستولوجية واضحة  ى تغي سين إل ذلك أدى االوآراتوآ ة المصلية وآ المناعي

د      ى والكب ن الكل ل م ى آ ا ف وق      . والبرس سبة النف ت ن رى ارتفع ة أخ ن ناحي وم
ضا ارتفعت          ة والطحال وأي واألوزان النسبية للكلى والكبد والقانصة والمعدة الغدي
ون   ستوى هرم اتينين وم ك والكري امض اليوري ستوى ح د وم ات الكب إنزيم

  .التراىايودوثيرونين
ت - ة أثبت ضا الدراس رة إضافة أن أي اميأو الخمي ع فيت رة م ؤدىجن  الخمي ى  ت  إل

ى             سم الفطرى عل اجى  األداءوقف وتثبيط التأثيرات السامة لهذا ال اعي  و  االنت  المن
ى  ذلك عل ائف أوزانوآ ضاء ووظ ة وعلاألع اييس  ى الداخلي دم والمق اييس ال  مق
ة افة.الكيميائي ا إض امين  أم ردة فيت ى ج بمف ورإل ق الطي ة  عالئ  الملوث

ة    فانة لم يظهر اى تحسن ف   باالوآراتوآسين تثناء أن ى المقاييس المذآورة سابقا باس
سبة                   ل وزن الجسم ون اييس مث أدى إلى تحسن طفيف غير ملحوظ على بعض المق

  .النفوق وبروتينات الدم
 .دجاج التسمين، فيتامين ج، لخميرةا،  االوآراتوآسين.الكلمات الدالة
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INTRODUCTION 
 

Increasing the productive ability and health of the domestic fowl 

was and still the primary goal of investigators and producers in the field 

of the poultry production. Furthermore, the general policy in Egypt 

pays much attention to increasing animal protein from every possible 

source in order to cover the increasing demand for human 

consumption.    

One of the most effective ways for a profitable poultry industry 

is to reduce the input cost. Feed is the major input in poultry production 

constituting 70-75% of total cost of broiler production. Poor quality or 

damaged feed may result in poor production and discarding of such 

feed will be additional monetary loss (Agwane and Lonkar, 2004).   

Furthermore, the primary objective in poultry nutrition is to 

provide a nutritionally balanced mixture of ingredients to support the 

maintenance, growth, reproductive performance, flesh quality and 

health of animals at an acceptable cost. In order to achieve this goal, 

the diet must provide birds with all required nutrients in the correct 

balance and must be formulated to keep any anti-nutritional 

components below concentrations that would impede the performance 

and health of the animals. Anti-nutritional factors can be presented as 

natural components of feed ingredients or occurred as natural 

contaminants of feedstuffs, such as mycotoxins that are one of the 

natural toxins (Guerre et al., 2000).  

The risks associated with the presence of natural toxins or their 

metabolites are mostly unknown.  Although the toxins are of natural 

origin, most people ignore their risks in natural products. Food 
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contamination with natural toxins may result in a number of troubles 

and even severe diseases. In fact, the natural toxins can be hepatotoxic, 

haematotoxic, nephrotoxic, immunotoxic, neurotoxic, mutagenic, 

genotoxic, reprotoxic, teratogenic and carcinogenic. They can cause 

numerous diseases, which sometimes prove to be fatal to animals 

(Pfohl-Leszkowicz, 2000) or humans (CAST, 2003). 

Molds (Fungi) in poultry feed are a source of significant 

economic losses. Molds adversely influence poultry performance by 

altering the nutrient composition of feed ingredients, decreasing the 

efficiency of nutrient utilization and by producing toxic secondary 

metabolites called mycotoxins (Eppley, 1968). 

A number of cereal and other crops that are incorporated into the 

human and animal feed are susceptible to fungal attack and mycotoxin 

production, either in the field (before and after harvest) or during 

storage, transport, processing and feeding whenever conditions are 

favorable. The fungi involved produce a highly toxic compound as 

secondary metabolite referred to as mycotoxins, which can cause a 

variety of ill effects in humans and animals, from allergic responses to 

immunosuppression and cancer. The fungi which are known to produce 

mycotoxins and which are involved with the human and animal food 

production chain belong mainly to three major genera: Aspergillus, 

Penicillium and Fusarium (CAST, 1989 and Placinta et al., 1999).  

Mycotoxins are toxic substances represent a diverse group of 

secondary fungal metabolites, which widely differ in their chemical 

nature and consequently in their mode of action (Sudakin, 2003).  From 
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the thousands of known secondary fungal metabolites, only a few 

hundred referred to as mycotoxins (Riley, 1998).  

Over 300 mycotoxins have already been isolated and chemically 

characterized; produced by approximately 350 species of fungi (Betina, 

1989 and Fink-Gremmels, 1999). Although several hundred 

mycotoxins are now recognized, of which approximately a dozen 

groups regularly receive attention as threats to human and animal 

health. The most significant mycotoxins with the greatest public health 

and agro - economic significance are aflatoxins, ochratoxins, certain 

trichothecenes, deoxynivalenol, zearalenone, T-2, fumonisins, citrinin 

moniliforme, cyclopiazonic acid, citreoviridin and ergot alkaloids 

(Danicke, 2002 and Peraica and Dominjan, 2001).  

 In many cases these mycotoxins can be found together in food 

and feed (Versantvoort et al., 2005) and among these; aflatoxin is the 

most intensively studied; however, another very important mycotoxin 

is ochratoxin A (OA) (Sweeney and Dobson, 1998).  

Ochratoxins is a general term describing a family of toxic 

compound consisting of three members known by the trivial name of 

ochratoxin A, B and C. Structurally the three toxins differ very slightly 

from each other; however, the differences have marked effects on their 

respective toxic potentials (Elaroussi  et al., 2006). 

Ochratoxin A (OA) is a mycotoxin that is receiving increasing 

attention worldwide because of the hazard it posses to animal and 

human health. This mycotoxin was isolated as metabolites of the 

fungus Aspergillus ochraceus from which the toxin acquired its name. 

However, ochratoxin production is not unique to Aspergillus ochraceus 



 4

as additional several Aspergillus species (Varga et al., 1996; 2003 and 

Bayman et al., 2002) and several Penicillium species (Larsen et al., 

2001) produce ochratoxins.  

Ochratoxin A (OA) is the most abundant, commonly detected 

and frequently occurring member of this family of mycotoxins. It is 

also the most toxin contaminating feedstuffs (Marquardt and Frohlich, 

1992). On the other hand, ochratoxins B (OB) and ochratoxin C (OC) 

considered non-toxic (Van der Merwe et al., 1965a), however, Steyn 

and Holzapfel (1967) reported their toxicities. 

Besides the production of OA by storage fungi in several 

different food and feed, the presence of OA residues in animal products 

is another concern. Ochratoxin A has also been detected in meat, egg 

and milk (Jorgensen, 1998 and Skaug, 1999).  

Moreover, OA has been frequently found in human plasma, milk 

and urine indicating a diffuse and continuous human exposure to this 

mycotoxin in many countries (Scott et al., 1998; Rosner et al., 2000 

and Skaug et al., 2001). Ochratoxin A has also been identified in the 

blood of animals and humans after consumption of contaminated food 

as mainly reported from the Balkans, Scandinavia, Germany, France, 

Italy, Canada, Japan, Tunisia and Egypt (Kuiper- Goodman and Scott, 

1989; Breitholtz et al., 1991 and Baudrimont et al., 1995). 

According to International Agency for Research on Cancer 

(IARC, 1993), OA has classified as a putative human carcinogen 

(Group-2B). In the subsequent years since the IARC classification, 

studies have shown a tendency in the direction of group 2A toxicity 

(Kuiper-Goodman, 1996). 
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Ochratoxin A is a mycotoxin known to be implicated in a 

diverse range of toxicological effects in a variety of animal species, its 

nephrotoxic, hepatotoxic, immunosuppressive, teratogenicity, 

neurotoxicity, mutagenicity. In addition, OA increases apoptosis in 

several cell types and it is carcinogenic. It causes kidney and liver 

tumors in poultry and possibly in humans (O’Brien and Dietrich, 2005 

and Ringot et al., 2006). Its most prominent toxic effects is the 

nephrotoxicity. Due to its nephrotoxicity, OA has been regarded as an 

important factor for human endemic nephropathy in the Balkan area, 

where OA was found to be involved in a fatal human chronic kidney 

disease called Balkan endemic nephropathy (BEN). It is a chronic 

tubulo-interstitial nephropathy, found in the rural area in Bulgaria, 

Romania and Yugoslavia (Vrabcheva et al., 2000; Pfohl-Leszkowicz et 

al., 2002). Many people face death due to the tumours developed in the 

urinary tract (Castegnaro et al., 1987). 

Ochratoxin A is commonly found in cow milk, human milk and 

correspondingly blood samples (Breitholtz-Emanuelsson et al., 1993). 

Many countries have set maximum permissible OA occurrence in 

agriculture products. Mycotoxins have been found as natural 

contaminants in different food and feed commodities in Egypt ( Aziz et 

al., 1990 and Aziz and Moussa, 2002). Studies carried out in several 

countries including Egypt and Tunisia, have also indicated a link 

between dietary intake of OA and the development of renal and 

urothelial tumours (Maaroufi et al., 1995 a, b and Godin et al., 1998).  

The United States Food and Drug Administration (FDA) has set 

a regulatory level of 20 ppb of aflatoxin in poultry feedstuffs (Aravind 
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et al., 2003). The European Union Legislation has fixed the maximum 

limits for OA in foods and feeds at 5 µg/ kg (5 ppb) (European Union 

Legislation, 2002).  

Ochratoxin A causes a range of adverse effects in animals, with 

renal toxicity being the most prominent (O’Brien and Dietrich, 2005; 

WHO/FAO, 2001). Ochratoxin A causes significant losses and 

reduction in the profitability of poultry industry due to its effects on 

performance and health (Agwane and Lonkar, 2004). It causes a 

reduction in productive performance (growth rate, feed consumption, 

poorer feed conversion and increased mortality). In addition, it induces 

alteration in the hematobiochemical parameters (reduction in 

hemoglobin, hematocrite, red and white blood cells, blood proteins; 

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

disturbs blood coagulation, hormones, protein synthesis, carbohydrate 

and lipid metabolism. Furthermore, weights, histology and function of 

internal organs were altered. As well as; OA are characterized as severe 

immunsuppressive in avian species (Verma et al., 2004; Politis et al., 

2005 Elaroussi et al., 2006 and 2008 El- Barkouky et al., 2010). 

Several techniques have been developed and used to avoid 

mould growth and mycotoxin production both in the field before and 

post harvest, during storage and even after feeding the contaminated 

product (Jouany, 2007).  

Besides the preventive management in the field and during 

storage, relatively new approaches have been employed including 

physical, chemical and nutritive treatments that can be advised to 

detoxify mycotoxins in contaminated feeds and feedstuffs if mycotoxin  
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have been detected after storage (Varga and Toth, 2005).  

Despite all these measures, it remains impossible to totally 

eliminate mycotoxins (CAST, 2003). In addition, these methods 

although have shown varying degrees of success, undesirable changes 

during the detoxification process have been reported (Sweeney and 

Dobson, 1998 and Bata and Lasztity, 1999). New techniques have been 

developed with same or more efficiency comparing to the established 

methods, however they are superior of being processed in shorter time 

and non – toxic.  

Biological or microbiological detoxification is a new method 

that depends on microbes and their enzymes in detoxifying mycotoxins, 

This method is based on elimination of the toxin (adsorption), 

elimination of the toxicity (biotransformation), and elimination of the 

toxin-related effect (Molnar et al., 2004 and Bakutis et al., 2005). 

More than twenty yeast and bacteria with mycotoxin-detoxifing 

properties were used (Schatzmayr et al., 2004). Among the different 

potential decontaminating microorganisms, Saccharomyces cerevisiae 

(Sc) represents a unique group, which is widely used in food 

fermentation. An adsorption mechanism has also been suggested for 

OA removal by yeasts (Bejaoui et al., 2004).  

A live yeast, Saccaharomyces cereviciae (Sc), was found to 

alleviate the adverse effects of mycotoxicosis in poultry (Stanley et al., 

1993). Sc has shown considerable binding ability with several 

commonly occurring mycotoxins (Devegowda et al., 1998), and is also 

found more effective as a low-inclusion binder to bind mycooxins 

present in contaminated poultry feed when compared with other 
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physical or chemical  materials (Mahesh and Devegowda, 1996).  

Furthermore, Sc and cell wall component of Sc have the ability to 

alleviate the adverse effects of the several combinations of mycotoxins 

present naturally in feed (Aravind et al., 2003).  

Furthermore, the cell wall of yeasts is known to be composed of 

complex polymers of β-glucans, α-mannans, mannoproteins and a 

minor amount of chitin, all of which have a number of bioprotective 

properties (Miadokova et al., 2006). This resultant was used to remove 

/ bind pathogenic bacteria in the intestine (Fernandez et al., 2002; 

Ceylan et al., 2003). This increased the intestinal absorption capacity 

for nutrients and improved immuno-modulation (Fritts and Waldroup, 

2003; Shashidhara and Devegowda, 2003)  

At the same time, under normal circumstances, the chicken does 

not have a dietary requirement for vitamin C (vit.C), as endogenous 

biosynthetic capacity is adequate. However, under stress condition, 

there is a reduction of vit.C concentration in tissues. The kidneys are 

the principle organ for chickens to synthesize vit.C, but cannot 

synthesize adequate amount of vit.C until 15 days of age (Puls, 1994). 

Amakye-Anim et al. (2000) reported that by 21 days of age, kidneys of 

chickens are functionally and morphologically competent to synthesize 

sufficient amount of vit.C. But, certain conditions may cause stress that 

deplete vit.C levels in the body. These, include exposure to heat or cold 

temperature, starvation and diseases. Vaccination is also a stressor that 

can interfere with adequate biosynthesis of vit.C in chickens (Satterlee 

et al., 1989), thus supplementing the diet with vit.C becomes beneficial  

(Kutlu and Forbes, 1993).   
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Vitamin C plays an important role in the stimulation and 

enhancement of the chicken immune response. This immunestimulator 

via vit.C have reported due to their antioxidant properties in the 

protection of immature lymphocytes from the damage caused by free 

radical due to oxidation (Amakye- Anim et al., 2000), Inhibition of 

biosynthesis and releasing of corticosterone (Gross, 1988) and 

increasing synthesis of cells (Plasma cells) (Franchini et al., 1994), as 

well as activating mononuclear cells to produce interleukins (Schwagar 

and Sculze, 1998). Furthermore, supplementation of vit.C has been 

reported to produce beneficial effects in chicks exposed to dietary OA 

under normal (25°C) and high (33°C) ambient temperatures. Addition 

of vit.C tended to counteract the negative effects of OA on egg weight, 

egg mass, feed intake and increased shell elasticity at both 

temperatures; and also electrolyte concentration and AST activity were 

moderated by the addition of vit.C into the diets (Haazele et al., 1993). 

Therefore, the present study designed to describe the collective 

changes on performance, physiological, immunological and 

histological parameters associated with an induced experimental 

ochratoxicosis in male broiler chicks by feeding them for 5 weeks on a 

diet containing known concentration of OA at level that might 

spontaneously occur in the field. In addition, to determine, the possible 

beneficial effects of adding yeast (Saccharomyces cerevisiae) and 

vitamin C either alone or mixed together to broiler diets would 

ameliorate the deleterious effects of OA on broilers. 
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REVIEW OF LITERATURE 
1. Historical aspects 

Moulds grow on plants in the field (pre or post harvest) or 

during the storage period. These fungi produce toxins, called 

mycotoxins, which have deleterious effects on humans or animals 

consuming the contaminated product. Such cases of poisoning may 

cause death in animals, but are rarely fatal in humans (Pfohl-

Leszkowicz, 2000). The origin of the word mycotoxin is derived from 

the Greek word ‘mykes’ meaning mould, and the Latin word ‘toxicum’, 

which means poison (Cheeke and Shull, 1985). 

The history of mycotoxicoses can be traced back nearly 3000 

years (Schoental, 1994 and Peraica et al., 1999) with the plagues in 

Egypt, Greece and other parts of Europe attributed to intake of fungal-

contaminated food. Also, certain Egyptian tombs are also thought to 

contain ochratoxin A, responsible for the mysterious deaths of several 

archaeologists (Pittet, 1998). 

The history of mycotoxins is related to several outbreaks of the 

associated diseases. One of the first known diseases in humans caused 

by mycotoxins was ergotism in the Middle Ages (Varga and Teren, 

1999) as many as 40.000 habitants died in France. The outbreak of this 

mycotoxicosis was due to consumption of rye contaminated with ergot 

mycotoxins. 

Modern mycotoxicology began in 1960, where an outbreak case 

occurred in England and became known as “Turkey-X disease”, 

causing death to 100.000 of turkey poults. Dead birds exhibited a 

severe liver necrosis and biliary hyperplasia after consuming 
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contaminated Brazilian groundnut (peanut) meal. The main fungal 

contaminant of the peanut meal was identified as Aspergillus flavus 

subsp parasiticus. A chemical analysis of the peanut meal yielded a 

series of toxic compounds that fluoresced under UV light. These 

compounds were named aflatoxins (for Aspergillus flavus toxins) as the 

causative agent in the peanut meal causing the "Turkey-X disease" 

(Bradbum et al., 1994). In retrospect, the intoxication was found to be 

related to the diseases described earlier in swine and dogs (Cysewski et 

al., 1968). 

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. 

Ochratoxins are mold metabolites that were the second major group of 

mycotoxins to be characterized after the discovery of aflatoxins. 

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. 

Ochratoxins was discovered by (Van der Merwe et al., 1965 a, 

b) as mycotoxins produced by Aspergillus ochraceus Wilhelm fungus, 

the mould from which it was first isolated, hence the name. They 

obtained this mycotoxin from strain K-804 isolated in South Africa 

from sorghum grain. Also they extracted, purified and isolated three 
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chemically related metabolites and has been given a trivial names of 

ochratoxin A, B, C. It was reported that the main toxic compound and 

abundant of these metabolites was ochratoxin A (OA). 

Ochratoxin-producing fungi are included in the Penicillium and 

Aspergillus genera (IARC, 1993). In cold and temperate regions, OA is 

mainly formed by Penicillium strains namely Penicillium verrucosum 

or P. nordicum (Larsen et al., 2001 and Castella et al., 2002),while in 

tropical and subtropical regions, ochratoxin A is mainly produced  by 

Aspergillus species namely Aspergillus ochraceus (WHO/ FAO, 2001).  

The production of ochratoxin A, B and C had been found in 

other species of Aspergillus ochraceus group namely Aspergillus 

melleus (Quercins), Aspergillus alliaceus, Aspergillus petrakki, 

Aspergillus ostianus, Aspergillus sulphureus and Aspergillus 

sclerotiorum (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, Penicillium viridicatum, Penicillium cyclopium, Penicillium 

purpurescens, Penicillium variable and Penicillium palitans (Scott et 

al.,1972 and Ciegler et al.,1972).  

Ochratoxin A had gained significance through the possibility of being 

involved in genesis of so called 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). 
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2. Chemical structure and chemical and physical properties of 
ochratoxins 

 

a. Chemical structures 

Van der Merwe et al. (1965 a, b) were the first who discovered 

and extracted ochratoxin A from Aspergillus Ochraceus Wilhelm in 

South Africa. They reported that ochratoxin A (OA) are a group of 

fungal metabolites composed of an isocoumarin moiety (7- carboxy-5 

chloro-8 hydroxy-3, 4 dihydro-3R methyl isocoumarin) that is linked 

through the 7- carboxy group to the amino acid L-b- phenylalanine by 

an amid bond. In addition, they showed that OA had a chemical 

formula (C20H18O6NCL), with molecular weight 403.8 and a melting 

point 169ºc. They indicated that on acid hydrolysis, OA gave L-

phenylalanine and acid (C11 H9 O5 CL). 

Steyn and Van der Merwe (1966) defined ochratoxins as 

dihydro isocoumarin derivatives and designated them A, B and C to 

identify fluorescent spots detected after TLC (Thin Layer 

Chromatography). They added that OA is the most potent one and 

contains chlorine which is not present in ochratoxin B (OB). 

Nesheim (1967) showed that OB has no chlorine and that 

ochratoxin C (OC) is the ethyl ester of OA.  

Chu (1971 and 1974), Pohland et al. (1982), Kuiper-Goodman 

and Scott (1989), Moss (1996) and Hoِhler (1998) reported that 

ochratoxin A contains 7-carboxy-5-chloro-8-hydroxy-3, 4-dihydro-3R-

methylisocoumarin (OA) that is linked through the 7-carboxy group to 

L-b-phenylalanine by a peptide bond. Several form of ochratoxins 
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occur (Table, 1) each of varying toxicity, in addition to OA, OB also 

exists in both the methyl and ethyl ester forms. 
 

Table 1.  Naturally occurring forms of the ochratoxins (Chu, 1974) 
                                                      
 

Common name R1 R2 R3 R4 R5 
Ochratoxin A Phenylalanyl CL H H H 

Ochratoxin B Phenylalanyl H H H H 

OchratoxinC Phenylalanyl ethyl ester CL H H H 

OA methyl ester Phenylalanylmethyl ester CL H H H 

OB methyl ester Phenylalanylmethyl ester H H H H 

OB ethyl ester Phenylalanyl ethyl ester H H H H 

Ochratoxin α OH CL H H H 

Ochratoxin β OH H H H H 

4R-Hydroxy ochratoxin A Phenylalanyl CL H OH H 

4S- Hydroxy ochratoxin A Phenylalanyl CL OH H H 

OchratoxinA-tyrosine analog Tyrosine CL H H H 

Ochratoxin A-serine analog Serine CL H H H 

Ochratoxin A-hydroxy prolin Hydroxy prolin CL H H H 

Ochratoxin A-lysine analog Lysine CL H H H 
 

 

 

Several analogs of OA have been prepared by substitution of 

phenylalanine with other amino acids, the tyrosine, valine, serine and 

alanine analogs are most toxic. Methionine, tryptophan, and glutamic 

acid analogs have intermediate toxic effects, while, the glutamate and 

proline analogs have low toxicity. (Creppy et  al., 1983 c).   

Betina (1989) reported the molecular formula of the major 

ochratoxins as follow (Table, 2) 
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  Table 2. 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-ochratoxinA C20H18O7NCL 419.5 

Ochratoxin alpha C11H9O5CL 256.5 
 

Creppy et al. (1990) reported that OA can be hydroxylated by 

phenylalanine hydroxylase to form the tyrosine analog of OA.     

O’Brien and Dietrich (2005) reported that ochratoxins are a 

weak organic acids consisting of a dihydroisocumarin moiety joined by 

a peptide bond to L-b-phenylalanine. There are three generally 

recognized ochratoxins, designated A, B and C (Figure 1.). 

Structurally, these three toxins differ only very slightly from each 

other, however, OA is chlorinated and is the most toxic, followed by 

OB (substitution of chloride for a hydrogen atom in the isocumarin 

moiety), which is at least an order of magnitude less toxic, and OC, or 

ethyl OA, with little or no toxic potential (Li et al., 1997).  

Ringot et al. (2006) reported that except ochratoxin α (Oα), the 

ochratoxins comprise a polyketide-derived dihydroisocoumarin moiety 

linked via the 7-carboxy group to L-β-phenylalanine by an amide bond. 

Ochratoxins consist of  OA, its methyl ester, its ethyl ester also known 

as ochratoxin C (OC), 4- hydroxyochratoxin A (4-OH OA), ochratoxin 
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B (OB) and its methyl and ethyl esters and ochratoxin α (Oα), where 

where the phenyalalanine moiety is missing (Figure. 2.). 
 

 

Fig. 1. Structures of ochratoxin A and its analogs (Hoehler et al., 1997) 
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    Fig. 2. Structure of ochratoxins (adapted from Ringot et al., 2006) 

 

b. Physical properties 

Steyn and Holzapfel (1967) found that the ultraviolet absorption, 

spectrum (in ethanol) of OA has maxima at 213 and 332 nm.  

Chu and Butz (1970) and Nelly and West (1972) reported that 

OA is a very stable compound in different solvents; it can be stored in 

ethanol solution in the refrigerator for more than a year without loss. 

However such solutions should be protected from light, since 

decomposition occurs upon the exposure to fluorescent light for several 

days. Furthermore, Trenk et al. (1971) found that OA is heat-stable 

compounds and can withstand autoclaving for three hours. 
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Pohland et al. (1982) and Scott (1996) demonstrated that OA is 

a colorless crystalline compound soluble in polar organic solvents, 

dilutes in sodium bicarbonate solution and slightly soluble in water. 

Therefore absorption of OA through biological membranes is expected 

to occur easily. It crystallizes from benzene to give a product with 

melting point at 90˚C containing one molecule of benzene. It 

crystallizes in a pure form from xylene. OA is optically active and 

exhibits blue fluorescence under UV light, but the ultraviolet spectrum 

varies with pH and with the solvent polarity. Fluorescence emission is 

maximum at 467 nm in 96 % ethanol and 428 nm in absolute ethanol  

c. Chemical properties 

Acid hydrolysis of OA is slow (Van der Merwe et al., 1965a); 

whereas enzymatic hydrolysis by carboxy peptidase A or chemotrypsin 

occurs readily (Pitout and Nel, 1969). 

  Treatment of OA with methanol and hydrochloric acid or other 

acid catalyst yields the methyl ester (Nesheim, 1969). 

  On acid hydrolysis, OA yields phenylalanine, and the 

isocoumarin part, ochratoxin alpha, a cleavage product was also found 

in the intestines, feces, urine and liver of animals experimentally fed 

OA containing diets (Galtier et al., 1976). 

Ochratoxin A can be cleaved by certain proteases into 

phenylalanine and the chlorinated dihydroisocoumarinic moiety (Oα), 

which was found not to be much less toxic than OA, but retained some 

genotoxicity (Follmann et al., 1995). In addition to being converted to 

Oα, a small percentage of absorbed OA is converted into 

hydroxyochratoxin A (OH-OA) by liver microsomes. 
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3. Toxicodynamics: mode of action of ochratoxins 

Acute and chronic toxicity of OA are related directly or 

indirectly to its property of inhibiting protein synthesis in vitro and in 

vivo at the elongation step by competition with phenylalanine (Phe) in 

the reaction catalyzed by phenylalanine-transferase and phenylalanyl-

tRNA synthetase (Creppy et al., 1980, 1983b and 1986). 

Wei et al. (1985) reported that during in vitro studies of the liver 

mitochondria, it was observed that OA inhibit the respiration of whole 

mitochondria by acting as a competitive inhibitor for carrier proteins 

located in the inner mitochondria membrane causes mitochondrial 

damage.  

Meisner and Krogh (1986) and Meisner and Polsinelli (1986) 

reported that OA affects DNA, RNA and protein synthesis in many 

different organisms presumably due to an effect by the phenylalanine 

moiety of the toxin molecule. Since OA disrupts protein synthesis, it 

impairs the activity of several cellular enzymes and particularly the 

activity of PEPCK (phosphoenolpyruvate carboxy kinase), a key 

regulator of the gluconeogenic pathway.  

Although many mycotoxins found to occur naturally in various 

agricultural commodities, only a limited number of mycotoxins, e.g. 

aflatoxins (AFs) and ochratoxin A (OA) shown to be carcinogenic 

(Council for Agricultural Science and Technology, CAST, 1989). 

Khan et al. (1989) and Baudrimont et al. (1994 and 1997b) 

showed that OA-enhanced lipid peroxidation that affects the 

permeability of plasma membrane to Ca2+ and thus impairs calcium 

homeostasis leading to enhanced Ca2+ influx to the cell causing 
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changes in the metabolic activity within the cell. Also, release Ca2+ 

from intracellular stores and influence on calcium sensitive channels. 

Pfohl-Leszkowicz et al. (1991 and 1993) showed that OA have 

mutagenic and carcinogenic effects. It causes DNA single-stranded 

breaks and DNA adducts in kidney, liver and spleen. Furthermore, 

Ochratoxin A is reported to be able to cause DNA-strand breaks in 

vitro and in vivo, micronuclei, unscheduled DNA synthesis, sister 

chromatid exchanges in vitro and gene mutations (deGroene et al., 

1996 and Degen et al., 1997) 

Ochratoxin A can produce defects in the structure and / or 

function of elements comprising the immune system. OA leads to 

inhibition of immune responses transmitted by B and T-lymphocytes 

and induces a regression of IgG, IgA and IgM immunoglobulins 

(Harvey et al., 1992 and Muller et al., 1995). 

Marquardt and Frohlich (1992) and Hohler (1998) reported that 

OA interferes with DNA, RNA and protein synthesis and affects 

carbohydrate metabolism, particularly gluconeogenesis. Also, they 

indicated that the toxicity of OA might be a result of three major 

effects: (1) inhibition of ATP production (2) inhibition of protein 

synthesis (3) Promotion of membrane lipid peroxidation. 

The International Agency for Research on Cancer (IARC) 

classified OA as possible human carcinogen (Group 2B) and reported 

that there was sufficient evidence in experimental animals for the 

carcinogenicity of OA. Dietary feeding of OA induced renal adenomas 

and HCC (hepatocellular carcinoma). Carcinogenic effects on humans 

are suspected because the high incidence of kidney, pelvis, ureter, and 
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urinary bladder carcinomas among patients suffering from Balkan 

endemic nephropathy. In regions with Balkan endemic nephropathy, 

high levels of OA were found in human blood (IARC, 1993). 

Gharbi et al. (1993) reported that OA induced alterations of 

some testicular enzymic activities. They showed a two fold increase in 

the testicular content of testosterone and accumulation of premeiotic 

germinal cells, as measured by increases in alpha-amylase, alkaline 

phosphatase, and gamma-glutamyl transpeptidase (GGT) activities in 

testis homogenate. All of these effects were indicative of a disturbance 

of spermatogenesis.  

Eder et al. (2000) and Benesic et al. (2000) study the effect of 

OA on the cellular calcium homeostasis in proximal tubular kidney 

cells. They showed that OA impairs cellular Ca2+ and cAMP-

homeostasis already at nanomolar concentrations and interferes with 

hormonal calcium signalling, thus leading to altered cells proliferation. 

In addition, cell shrinkage could be produced as a result of the 

intracellular increase of calcium concentrations. 

Maresca et al. (2001) reported that OA has a direct effect on the 

barrier function of intestinal epithelium. OA induced a growth-

inhibitory effect on proliferating intestinal epithelial cells and altered 

both intestinal barrier and transport functions. They concluded that the 

diarrhea observed in OA-treated animals may be a direct consequence 

of the intestinal inflammation induced by the mycotoxin. Nevertheless, 

alterations of sodium-dependent glucose transport could also contribute 

to the dysregulation of the hydric balance. Indeed, one major feature of 

OA-treated animals is an important decrease of sodium-dependent 
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glucose absorption. Impairment of this function by OA is likely to 

contribute significantly to the diarrhea.  

Schaaf et al. (2002) attributed proximal tubule cell damage 

caused by OA to the formation of reactive oxygen species (ROS), 

which induced a wide range of lesions on membranes, proteins, and 

nucleic acids. Also, Baldi et al. (2004) observed that exposure to OA 

increased reactive oxygen species (ROS) production in a concentration-

dependent manner. This finding is further evidence that OA 

cytotoxicity is principally due to oxidative damage, particularly since 

the cell lines that had the greatest sensitivity to OA were also 

characterized by high ROS production. 

According to O’Brien and Dietrich (2005) OA has been 

suggested to mediate its toxic effects via induction of apoptosis, 

disruption of mitochondrial respiration and / or the cytoskeleton, or via 

the generation of DNA adducts. 

Russo et al. (2005) found that the addition of OA at 25 and 50 

µm concentrations for 48 hours to fibroblasts caused a slight but 

significant increase in radical oxygen species (ROS), whereas a 

substantial increase in their production was observed at longer 

exposure, in particular, when the fibroblasts were treated with 50 µm 

OA for 72 hours.  

Schilter et al. (2005) reported that the OA toxicity may induce 

cell regeneration and proliferation, which may then lead to cell 

transformation and tumor development. Furthermore, OA was shown to 

be positive in several in vitro and in vivo genotoxicity tests and 

therefore it has been considered a genotoxic agent (Turesky, 2005). 
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4. Effects of ochartoxin A on productive performance 

a. body weight 

Gentles et al. (1999) demonstrated the negative effect of 

supplementing broiler diet with 2.5 ppm OA from 1 day to 3 weeks of 

age.  They found that the reduction in body weight was seen by the 

second week of feeding OA and was still present at the end of third 

week as body weight of OA- fed birds were 19.3% of the controls.  

Raju and Devegowda (2000), Santin et al. (2001a and 2002a) 

and Kumar et al. (2003) studied the toxic effects of feeding broiler 

chicks a diet contaminated with OA at 2 ppm concentrations. A 

significant decrease in weight gain was notice in broilers fed a 

contaminated diet as compared with the control.  

Stoev et al. (2000 and 2004) fed broiler chicks a mouldy diet 

containing gradual concentrations of 130, 300 or 800 ppb OA. A 

significant decrease in body weight was found after 6 weeks of 

exposure and a greater decrease after 10 weeks of exposure to OA. 

They indicate that the effects of   OA were dose and time dependent.  

Garcia et al. (2003) reported that adding crude extracts of OA 

from contaminated wheat to sorghum-soybean meal diets to meet 567 

ppb of OA /kg feed and fed to broiler chicks for 21 days of age caused 

a significant effect on the performance of chickens, they lowered body 

weight significantly when compared with the control.  

Hatab (2003) and ELaroussii et al. (2006) fed broiler chick for 

the first 5 weeks of age a diet supplemented with OA at 400 and 800 

ppb. They reported that from the 1st week and throughout the treatment 

period, body weight was significantly lower in both treatment groups 
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receiving OA- supplemented diet than the control. They indicate that 

the reduction in body weights was dose-dependent.  

Verma et al. (2004) determined the effects of dietary gradual 

concentrations of OA at (1, 2 and 4 mg/kg) on growth rate of broiler 

chicks from one-day old to 7 weeks old. A significant growth 

depression were recorded in broilers fed a diet containing the greater 

concentrations of OA compared to the control group.  

Santin et al. (2006) mentioned that broiler chicks exposed to OA 

at a level of 250 or 500ppb during initial stage (1 to 21 days), final 

stage (22 to 42 days), or in total experimental period (1 to 42 days) had 

lower average body weight as compared to the control. 

Sakhare et al. (2007) fed one-day old broiler chicks for 6 weeks 

of age a diet supplemented with OA at a level of 200 ppb.  They found 

that there was no statistical significant effect of OA on body mass of 

broilers up to 4th week of age. Subsequently, there was a significant 

reduction in body mass in ochratoxicated chicks as compared to the 

control chicks.  

El-Barkouky (2008) and El-Barkouky and Abu-Taleb (2008) 

investigated the effect of OA on productive, hematological and 

biochemical measurements in broiler chicks using two level of 50 and 

100 ug OA / kg diet for 5 weeks of age. They reported that 

contamination of broilers diet with OA resulted in a significant 

reduction in body weight of broilers. Chicks receiving a higher dose of 

OA appeared to be highly affected than those of the chicks receiving a 

lower dose when both were compared with the control.  
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Hanif et al. (2008) reported that dietary supplementation with 

OA at 0.5 and 1 mg/ kg to broiler chicks over a 42 days period caused 

significant reduction in body weight as compared with the control 

birds. The effects of OA were less marked in the birds receiving 0.5 

mg/kg OA than those receiving 1 mg/kg. 

Recently, in other experiment carried out by El-Barkouky et al. 

(2010), who studied the effect of feeding a supplementing diet with 200 

ug OA/ kg feed to male broiler chicks for 5 weeks from hatch on 

performance and relative organ weight. They showed that feeding OA 

at 200 ppb decreased body weight significantly from the 1st week and 

throughout the treatment period when compared with the control.  

b. Feed consumption (FC) and feed conversion ratio (FCR) 

Raju and Devegowda (2000) and Kumar et al. (2003) fed broiler 

chicks a diet contaminated with OA at 2 mg / kg feed for the first 35 

days of age. They found that subjected broiler chicks to dietary OA 

contamination led to depressed feed intake as compared to the control.  

Santin et al. (2001a and 2002a) fed broiler chicks a 

supplemented diet with OA at a dietary level of 2ppm for 6 weeks of 

age.They mentioned that contamination of broiler diets with OA 

negatively influenced on feed intake and feed conversion ratio in 

intoxicated birds than that of the control birds.  

Hatab (2003) and ELarousii et al. (2006) supplemented broiler 

diets with two levels of OA (400 and 800 µg / kg diet) and fed to 

broilers from 1 to 35 days of age to study the effect of  OA on broiler 

performance. They showed that feed consumption was decreased and 
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feed conversion was increased significantly in ochratoxicated groups 

throughout the experimental period as compared with the control.  

The effects of dietary graded concentration of OA (1, 2 and 4 

mg / kg) on feed consumption and feed conversion efficiency were 

studied in broilers from one –day old to 7 weeks of age. OA adversely 

affect the productive performance of broilers, as a significant 

depression in feed consumption and poor feed conversion were 

recorded in broilers fed a contaminated diet with OA as compared with 

the control (Verma et al., 2004 and Koynarski et al., 2007).   
 

Santin et al. (2006) carried out an experimental study to evaluate 

the toxic effects of OA (250 or 500 ppb) on broiler chicks. They 

indicated that the birds exposed to OA during initial stage (1 to 21 

days), final stage (22 to 42 days), or in total experimental period (1 to 

42 days) had lower average feed intake than that of the control. 

El-Barkouky (2008) and El-Barkouky and Abu-Taleb (2008) 

reported that feed conversion ratio was decreased significantly in male 

broiler chicks fed OA- contaminated diet from one-day old to 5 weeks 

of age at a levels of 50 and 100 ug per kg ration.  

Hanif et al. (2008) studied the effect of two concentration (0.5 

and 1 mg/kg) of OA on performance of broiler chicks for 42-days of 

age. They noticed that dietary supplementation with OA at 0.5 and 1 

mg/kg adversely affects the feed conversion ratio in broilers.  
 

El-Barkouky et al. (2010) reported reduced feed consumption 

and worse feed conversion significantly in broiler chicks fed a diet 

contaminated with 200 ug OA/ kg feed for the first 5 weeks of age 

when compared with the control.  
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c. Mortality rate  

Gibson et al. (1989) reported that broiler chicks fed dietary OA 

supplementation at 4 mg / kg diet for the first 3 weeks of age showed 

significant increase in mortality percent that reached 21.9 % compared 

with 2.5 % for the control.  

Niemiec and Scholtyssek (1989) fed broiler chicks for 6 weeks 

old a diet supplemented with OA at 1.5 mg / kg feed. They found that 

broilers given OA had higher mortality percent than the broilers given 

OA-free ration.  

Prakash et al. (2000) observed significant increase in mortality 

percent in broiler chicks fed dietary supplementation with 2 ppm OA 

for 6 week old of hatch. 

Hatab (2003) and ELaroussii et al. (2006) supplemented boiler 

diet with two dietary levels of OA (400 and 800 µg / kg diet) from 1day 

to 35 day of age to study the effect of OA on broiler performance. They 

indicated that mortality was increased in both groups received dietary 

OA supplementation at both experimental levels when compared with 

the control group.  

El-Barkouky and Abu-Taleb (2008) reported that contamination 

of broiler diet with OA50 and 100ug / kg diet resulted in a significant 

increase in mortality rate of broilers. They observed also that the effects 

of OA were dose-dependent.  

In another study conducted by El-Barkouky et al. (2010) 

observed that broiler chicks fed OA-supplemented diet at a level of 200 

ppb for 5 weeks of age recorded a highly significant increase by about 

8% when compared with the control.  
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5. Effects of ochratoxin A on relative organ weights 

a. Relative kidney weights 

Gibson et al. (1989), Elkady (1993) and Gentles et al. (1999)   

studied the effects induced by supplemented OA as a premix into the 

broiler diet at a dietary level up to 4 mg / kg feed from one day to 3 

weeks of age. The relative kidney weight was increased significantly as 

OA levels were increased from 0 to 2 to 4 mg / kg. They reported that 

the deleterious effect observed in kidneys of OA- treated birds is 

assumed to be result from OA nephrotoxicity. 

Sandhu et al. (1995) fed broiler chicks over a period of 38 days 

of hatch a diet containing 0.5 ppm OA. They reported that there was a 

gradual enlargement of the kidney from 10 days post feeding onward 

when compared with the chicks fed OA- free diet. 

Raju and Devegowda (2000), Kumar et al. (2004) and Gupta et 

al. (2008) evaluated the pathological changes in broiler chicks fed OA 

at a dietary level of 2 ppm for 35 days of age. Significant increase in 

the relative kidney weight was observed in OA-treated birds than that 

fed OA-free diet (control). They recorded that OA caused pathological 

changes in the kidneys from 10 days post feeding OA onward.  

Stoev et al. (2000 and 2004) studied the effect of adding OA at  

a level of 130, 305 and 790 ppb on performance and immunological 

parameters in broiler chicks. A significant increase in the relative 

weight of kidneys was observed in ochratoxicated chicks as compared 

with the control chicks. 

Santin et al. (2002 a and b) mentioned that the kidney weight 

relative to body weight was increased significantly in broiler chicks fed 
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a diet supplemented with OA at a level of 2 mg /kg diet for 6 weeks of 

age as compared with those of control. The kidneys showed 

hypertrophy of the renal proximal tubular epithelium, with thickening 

of the glomerular basement membrane.  

Stoev et al. (2002 a and b) showed that OA induced an increase 

of the weight of the organs taking part in its detoxification or 

elimination. A strong degenerative changes and an increase in relative 

weight of kidneys in broiler chicks, most notably than that of OA-

untreated chicks as a result of subjected broiler chicks to fed OA-

contaminated diet at a level of 1-5 ppm from 2 to 10 weeks.   

Hatab (2003) and Elaroussi et al. (2008) fed male broiler chicks 

artificially contaminated diet with two levels of OA (400 and 800 ppb) 

from 1 day old to 5 weeks of age. Relative weights of kidney were 

increased significantly and their function was impaired in OA treated 

groups in comparison to the control.  

Verma et al. (2004) and Hanif et al. (2008) reported that broiler 

chicks subjected to intoxication in their diet with O A at a dietary levels 

of 0.5, 1, 2 and 4 ppm over 42 day period showed a significant increase 

in the kidney weight as a percent of body weight when compared to the 

broiler fed OA-free diet. This increase was less marked in birds 

receiving 0.5 mg/kg OA than in those receiving 1 mg/kg and above.  

ElBarkouky et al. (2010) proved that the male broiler chicks fed 

a contaminated diet with OA at the dose level of 200 ug / kg feed from 

one- day old to 5 weeks of age developed significant increase in kidney 

weight relative to body weight. The effects of OA on the relative 

kidney were more pronounced with experimental duration.  
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b. Relative liver weights 

Gibson et al. (1989), Huff et al. (1992) and Elkady (1993) 

supplemented broiler diet with OA at a dietary concentration of 2 and 4 

mg / kg feed and fed to broiler chicks from one –day to 3 weeks of age. 

They reported that significant increase in the relative liver weight 

occurred as the OA levels were increased from 0 to 2 to 4 mg / kg. The 

effects of OA were dose and time – dependent.  

On the contrary, Prakash et al. (2000) and Kumar et al. (2004) 

found that feeding broiler chicks from 1 to 35 days old on OA-

contaminated diets at 2 mg/ kg significantly decreased the relative liver 

weight than that fed OA-free diet (control).  

Stoev et al. (2000 and 2004) fed broiler chicks a diet 

supplemented with gradual concentration of OA at 130, 300 or 800 

ppb. A significant increase in relative weight of liver was observed in 

intoxicated birds with OA than that fed basal diet free from OA. 

Santin et al. (2002 a and b) subjected broiler chicks to fed OA-

supplemented diet at a level of 2 mg / kg diet for 6 week of age. 

Relative weight of the livers of the birds exposed to this toxin was 

increased significantly as compared with those of control.  

Stoev et al. (2002 a and b) demonstrated that OA- treated broiler 

chicks developed an increase in the weight of the organs taking part in 

its detoxification or elimination (kidneys and liver). Strong 

degenerative changes and an increase in relative weight of liver was 

noticed as a result of subjected broiler chicks to fed OA-contaminated 

diet at 1-5 ppm from 2 to 10 weeks of old.   
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Hatab (2003) and  Elaroussi et al. (2008) allocated 240 one- day 

old male broiler chicks at random to one of 3 dietary experimental 

groups of 80 birds and given rations containing OA at level of 0, 400 

and 800 ug / kg feed through 5 weeks of age. Dietary OA 

contamination at both levels resulted in significant increase in the 

relative weights of liver as compared to the control.  

Sakhare et al. (2007) and ElBarkouky et al. (2010) showed that 

male broiler chicks fed a diet contaminated with OA at a dose level of 

200 ug / kg feed for the first 5 weeks of age developed significant 

increase in the relative liver weight when compared to the control.  

Hanif et al. (2008) subjected one-day-old broiler chicks to fed 

on artificially contaminated diet with OA at two dietary levels of 0.5 

and 1ppm for 42 days. Significant increase in the relative weight of 

liver was observed as a result of OA contamination. The effects of 0.5 

ppm OA was less marked than 1ppm as compared with the birds fed 

OA-free diet.  

c. Relative gizzard and proventriculus weights 

Kubena et al. (1988 and 1989) and Huff et al. (1992) suggests 

that the broiler chicks supplemented with OA at a level of 2ppm in 

their diet from 1 day to 3 weeks of age; showed significant increase in 

their relative gizzard and provetriculus weight than the control chicks. 

They attributed this significant increase in both organs to overall 

irritative properties of OA. 

Gibson et al. (1989), Elkady (1993) and Elissalde et al. (1994) 

studied the effects induced by supplemented 3 graded doses of OA up 

to 4 ppm into broilers diets on broiler performance and internal organ 
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weights. They reported that a highly significant increase in the relative 

gizzard and proventriculus weight occurred as the OA levels were 

increased from 0 to 2 to 4 mg / kg diets.  

Raju and Devegowda (2000) reported that exposing broiler 

chicks to fed OA-contaminated ration at a dose of 2 ppm from 1 to 35 

days of age resulted in increasing thre relative gizzard weight by about 

14.6 % when compared with the control.  
 

Hatab (2003) and ELaroussii et al. (2006) describes the toxicity 

signs that developed when the diet of male broiler chicks was 

artificially contaminated with different levels of OA. They mentioned 

that broiler chicks fed a dietary OA supplementation at both examined 

level (400 and 800 ppb) showed a higher significant increase in the 

relative gizzard and proventriculus weight. The relative gizzard weight 

almost doubled in both group subjected to OA in comparison to the 

control group. The increase in these organs was occur as early as 1st 

week and continued to the 5th week of age and was more pronounced in 

groups with the high level of OA, which confirms that the effect of OA 

was dose dependent.  
 

ELBarkouky et al. (2010) added OA at level of 200 ug / kg into 

broiler diet and fed it to broiler chicks for 35 days from hatching.  

Results of this study showed significant increase in relative weight of 

gizzard and proventriculus in the birds receiving a contaminated diet 

with OA as compared with the control. This increase in both organs 

was observed from the 1st week of age and continues through the 

experimental duration and was more severe with time. 
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d. Relative spleen weights 

The effects of dietary supplementation with OA on the relative 

spleen weight of chickens were reported in a series of tests conducted 

by Kubena et al. (1983, 1988 and 1989). They reported in the first trial 

that the relative weight of the spleen was reduced in male broiler chicks 

fed a commercial starter diet containing OA at level of 3 ug / g feed for 

26 days from hatch. At the same time, in later two reports, Kubena et 

al. (1988 and 1989) cleared that addition 2 ug / g feed of the OA to the 

basal broiler diets and fed it to broiler chicks for 3 weeks of hatch did 

not produce any significant changes in the relative spleen weight. 

Sreemannarayana et al. (1989), Hashad (1991) and Hanif et al. 

(2008) reported that OA had no effect on the relative spleen weight of 

broilers fed a diet supplemented with gradual concentration of OA from 

1 to 10 ppm over a four-week period.  

Singh et al. (1990) and Kumar et al. (2004) recorded that 

feeding broiler chicks from 1 to 35 day old on basal diet supplemented 

with 0.5 and 2 ug / g feed of OA resulted in a significant reduction in 

the relative weight of spleen from 10 day post feeding onwards than 

that fed OA-free diet (control).  

Stoev et al. (2000, 2002 a, b and 2004) studied the influence of 

dietary supplementation of OA at graded concentration of 130, 305, 

790 ppb and up to 5 ppm on health of broilers. Significant depression in 

the relative spleen weight was observed as consequence of feeding 

broiler chicks on OA- contaminated diets. They concluded that the 

decreased relative spleen weight was likely to a consequence of 
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degenerative changes and depletion of lymphoid cell in spleen of OA-

treated birds as compared with those of control birds.  

Hatab (2003) distributed 240 one-day-old male broiler chicks 

according to the dietary treatment into 3 experimental groups and fed 

rations containing 0, 400 or 800 µg OA / kg feed through 5 weeks of 

age. They indicated that both group supplemented with OA in their 

diets had higher relative spleen weight significantly than that of the 

birds consumed OA-free ration (control).  

Sakhare et al. (2007) subjected one-day old broiler chicks to fed 

OA-supplemented diet at a level of 0.2 ppm for 6 week of age. They 

found that feeding OA at dietary examined level significantly reduced 

the relative mass of spleen in both periods of observation at 21 and 42 

days when compared with the control.  

e. Relative bursa of Fabricius and thymus weights 

Singh et al. (1990) supplemented broiler diets with crystalline 

OA at levels of 0.5 and 2 ug / g feed to studies the immunosuppression 

due to chronic ochratoxicosis in broiler chicks. They indicated that the 

relative bursa of Fabricius and thymus weights decreased significantly 

in both intoxicated groups compared with the control.  

Elkady (1993), Elissalde et al. (1994) and Santin et al. (2002a) 

adding graded concentration of OA up to 4 ug / g feed into the broiler 

diets and fed to chiks for 42 days of hatch. They reported that although 

the relative bursa of Fabricius weight was decreased but without 

significant; the relative thymus weight was significantly decreased in 

ochratoxicated groups compared with the control group. 
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Stoev et al. (2000 and 2004) fed broiler chicks for 10 weeks 

experimental periods a diets containing graded dietary concentration of 

OA at 130, 305 or 790 ppb. A significant decrease in relative bursa of 

Fabricius and thymus weight was observed after 6 weeks and a greater 

decrease after 10 weeks as consequence of exposure to OA.  

Hatab (2003) and ELaroussii et al. (2006) demonstrates 

significant decreases in the relative bursa of Fabricius and thymus  

weight of broiler chicks consumed OA-supplemented diet at a level of 

400 and 800 ug/ kg for 5 weeks of hatch compared with that of the 

control birds. 

Kumar et al. (2004) and Verma et al. (2004) recorded significant 

reduction in relative bursa of Fabricius and thymus weight of broilers 

fed a diet contaminated with OA at a level of  2 and 4 mg/kg from one 

–day old to 7 weeks of age as compared with those of OA-free diets. 

OA induced these changes from 10 days post contamination onwards.  

Sakhare et al. (2007) subjected one-day old broiler chicks to fed 

on OA-supplemented diet at a level of 200 ppb for 6 week of hatch. 

Significant reduction was observed in the relative bursa of Fabricius 

and thymus weight in broilers receiving OA-contaminated ration as 

opposed to the control group. 

Gupta et al. (2008) reported that feeding broiler chicks a 

supplemented diet with OA at a level of 2 ppm resulted in a significant 

decrease in the bursa of Fabricius weight as a percent of body weight. 

They added that gross and microscopic changes in OA-fed birds 

indicated the bursa is the primary organ to be affected by this toxin at 

all test period interval of 15, 16, 17, 19, 22, 24, 27 and 35 days.  
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6. Effects of ochratoxin A on physiological parameters 

a. Hemoglobin concentration (Hb) and packed cell volume (PCV)     
 
 

Ayed et al. (1991) and Sandhu et al. (1998) mentioned that 

subjected broiler chicks to intoxication with OA in their diet at 0.5 ppm 

concentration for 38 days of hatch caused significant depression in Hb 

and PCV than the control chicks. Anemia was observed in treated OA 

group than the control chicks as results of decreased Hb and PCV.  

Mohiuddin et al. (1992 and 1993) demonstrated that addition of 

OA at a level of 0.75, 1.5, or 3 ug / g feed for 4 weeks to the diets of 4-

week-old broiler chicks resulted in a significant decrease in Hb and 

PCV values in all treatment applied when compared with the control. 

Hatab (2003) and ELaroussii et al. (2006) reported that broiler 

chicks consumed a basal diets contaminated with OA at 400 and 800 

ppb from day 1 to 5 weeks of age suffered a significant reduction in Hb 

concentration and PCV percent in comparison with the control. This 

reduction was dose and time dependent. 

Effects of OA at a dietary level of 0.5 ppm on 

hematobiochemical parameters were studied in broilers from 1 to 42 

days of hatch. Agawane and Lonkar (2004) recorded significant 

reduction in Hb concentration and PCV % in OA-treated birds when 

compared with the control birds. Decreased Hb and PCV in OA- fed 

birds might be due to anemia as a result of depressed erythropoisis.  

Patil et al. (2005) studied the effect of OA at a dietary level of 

0.75 ppm for 45 days periods on haemato-bichemical parameters of 

broiler chicks. Significant decrease in Hb concentration and PCV % 
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was observed in ochratoxicated chicks as compared with the control 

chicks at 15th, 30th and 45th days of the experiment. 

Sakhare et al. (2007) subjected one-day old broiler chicks to 

feed a diet supplemented with 0.2 ppm OA for 6 weeks of age. 

Significant reduction in Hb values and numerical but non significant 

reduction in PCV was observed at 21 and 42nd day of age in the OA -

fed group as opposed to the control group.  

Supplementing two dietary levels of OA at low concentrations 

of 50 and 100 ppb in the diets of broiler chicks for 5 week old, El-

Barkouky (2008) and El-Barkouky and Abu-Taleb (2008) found that 

Hb and PCV were significantly reduced in broilers fed OA-

supplemented diet than that of the control.  

b. Red blood cell (RBC) and white blood cell (WBC) counts      

Effat (1989) and El-Karim et al. (1991) studied the effects of 

OA on the immune response of the broiler chicks. They administered 

OA to broilers by different routes. One group consumed OA at level of 

8 ug / g feed while the second group received OA at level of 30 ug / 

chick directly per Os from one-day old to 35 days of age. Significant 

reduction in total leucocytes counts was observed in both treated 

groups as compared to control groups. A severe leucocytopenia, which 

represented mainly by lymphocytopenia and heterophilia were 

observed in both treated groups and more pronounced in the chicks 

receiving OA per os than that receiving OA in the diets.  

Stoev et al. (2000) studied the effect of adding OA at a dietary 

level of 130, 305 and 790 ppb to broiler diets on performance and 

immunological parameters in broiler chicks. They reported that slight 
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anemia and leucocytosis was observed in broiler chicks fed 

contaminated diets as compared with the control chicks. 

Hatab (2003) and ELaroussi et al. (2006) fed male broiler chicks 

from 1 day old to 5 weeks of age on a basal diet artificially 

contaminated with OA at two dietary concentrations of 0.4 and 0.8 

ppm. They demonstrated that both red and white blood cell counts were 

decreased significantly to reach about 37% and 30 % respectively at the 

end of the test period in OA- fed broilers as compared to the control.  

Patil et al. (2005) studied the effect of presence OA at a dietary 

concentration of 0.75 ppm for 45 days period in broiler diets on 

haemato-bichemical parameters of broiler chicks. Significant decrease 

in total erythrocyte and leucocytes counts was observed in 

ochratoxicated chicks as compared with the control chicks. 

Sakhare et al. (2007) fed one-day old broiler chicks for 6 weeks 

of age on OA-supplemented diet at a level of 200 ppb. No significant 

effect of OA treatment on total erythrocyte and leucocyte counts in 

broilers fed contaminated diet when compared with the control.  

El-Barkouky (2008) and El-Barkouky and Abu-Taleb (2008) 

incorporated two graded concentration  of OA at a level of 50 and 100 

ug / kg into the broiler diets from one day-old to 5 weeks of age. They 

reported that contamination of broilers diet with OA resulted in a 

significant decrease in red and white blood cell counts at both 

examined levels when compared with the control. The chicks receiving 

a higher dose of OA appeared to be highly affected and showed a 

further decrease in their counts than those of the chicks receiving a 

lower dose, indicating the effects of OA was dose related. 
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7. Effects of ochratoxin A on biochemical parameters 

a. Blood proteins [total protein (TP), albumin (Alb) and      
       globulins (Glob)] 

 

Huff et al. (1988 and 1992), Bailey et al. (1989), Singh et al. 

(1990) and Gentles et al. (1999) fed male broiler chicks from hatching 

to 3 weeks of age a diet supplemented with OA at levels of  2 to 4 ug / 

g feed.  A significant decrease in the serum levels of TP, Alb and Glob 

occurred as the OA levels were increased from 0 to 2 to 4 mg / kg. 

They suggested that the low protein concentrations might have been 

due to a reduction in hepatic protein synthesis.  

Stoev et al. (2000, 2002a and 2002b) and Santin et al. (2002a)  

studied the effect of adding OA at a dietary level ranging from 130 ppb 

to 5 ppm on immunological parameters and health of broilers. Serum 

analyses revealed significant decreases in TP level of OA-treated 

chicks most notably than that of OA-untreated chicks.  

Ochratoxin A- contaminated wheat, were added to sorghum-

soybean meal diets to provide a level of 567 ppb of OA and fed to 

broiler chicks for 21 days of hatch to assess the effects of OA on  

broiler performance. A significant reduction in plasma TP, Alb and 

Glob were a characteristic observed in all birds fed diets with OA as 

compared with birds fed diets without OA (Garcia et al., 2003).   

Hatab (2003) and Elaroussi et al. (2008) illustrate the treatment 

effect by two different levels of OA (400 and 800 ppb) for 5 weeks on 

blood protein concentrations of male broiler chicks. They indicated that 

both group received OA- supplemented diet at both examined levels 

register a significant abrupt decreases in blood proteins (TP, Alb and 
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Glob) throughout the experimental period when compared with the 

control group (OA-free diet).  

Patil et al. (2005) reported that serum concentrations of TP, Alb 

and Glob decreased significantly in broiler chicks fed a basal ration 

supplemented with OA at a dietary concentration of 750 ppb for the 

first 45 days old when compared with the control chicks. 

Sakhare et al. (2007) subjected one-day old broiler chicks to fed 

on OA-supplemented diet at a level of 200 ppb for 6 week of age. They 

found that contamination of broiler diets with OA at this dietary level, 

significantly decreased serum content of blood proteins. Serum TP and 

Glob were reduced significantly (3.47 g /dl and 2.04 g /dl, respectively)  

in ochratoxicated birds as opposed to (4.98 g /dl and 4.0 g /dl ) in the 

control birds. 

El-Barkouky (2008) and El-Barkouky and Abu-Taleb (2008) 

investigated the effects of OA on some hematological and biochemical 

measurements in broiler chicks using two level of OA at 50 and 100 ug 

/ kg diet from one day-old to 5 weeks of age. They reported that 

contamination of broilers diet with OA at both examined levels resulted 

in a highly significant decrease in plasma TP, Alb and Glob of broilers 

under ochratoxicosis as compared with the control.  

b. Liver functions (AST and ALT enzymes)  

The function of transaminase enzymes in the living cells is the 

transfer of the amino group from amino acid to synthesize another one; 

in addition, those enzymes play an important role in gluconeogenesis. 

Moreover, elevation in serum activity of AST and ALT demonstrated 

liver dysfunction (Harper et al., 1977).  
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Bailey et al. (1989) reared male broiler chicks for 3 weeks of 

age a diet supplemented with two doses of OA (2 and 4 ug / g feed). 

They reported that the AST activity was significantly higher among the 

birds fed 2 ug OA / g feed and above compared to the controls. The 

converse situation was found in another report by Bailey et al. (1990), 

who found that broiler chicks fed a diet containing 4 ug OA / g feed for 

3 weeks of age showed significant decrease in the activity of AST 

enzyme when compared with the control. 

Raina et al. (1991) studied the biochemical and histochemical 

changes in broiler chicks during ochratoxicosis. They fed broiler chicks 

for 49 days of age on a supplemented diet with 1 ug OA / g feed. They 

stated that serum AST and ALT levels progressively increased in OA-

treated birds from 14 days post feeding as compared with the control.  

Santin et al. (2002a) and Kumar et al. (2003) fed broiler chicks 

from hatching through 5 weeks of age a diet supplemented with OA at 

2 ppm to study the toxic effect of OA on broiler performance. 

Ochratoxin A negatively influenced serum concentrations of liver 

enzymes. Serum concentration of AST and ALT increased significantly 

in intoxicated chicks than that of the control chicks.  

Hatab (2003) and Elaroussi et al. (2008) subjected broiler 

chicks for the first 35 days of age to fed a supplemented diet with OA 

at two levels of 400 and 800 ppb. They reported that dietary OA 

supplementation at both experimental levels resulted in significant 

increase in serum concentrations of AST and ALT as compared to the 

control, with these changes being more evident with higher OA and 

with prolongation of exposure time.  
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Agawane and Lonkar (2004) and Patil et al. (2005) fed broiler 

chicks from 1 to 45 days of age on OA- supplemented diets at a dietary 

concentration of 0.5 to 0.75 ppm, respectively to study the effects of 

OA on some hematobiochemical parameters of broilers. Significant 

increase was observed in serum AST and ALT levels in OA-fed birds 

than the birds fed OA-free diets (control). Increased AST and ALT 

levels due to ochratoxicosis indicated damage to the hepatocytes and 

release of enzymes after the damage. 

Hanif et al. (2008) subjected one day old broiler chicks to fed a 

diet contaminated with OA at 0.5 and 1 ppm for 42 days experimental 

period. Significant increase in serum content of AST enzyme was 

observed in OA treated groups than those of the control group. They 

indicated that the effects of OA were dose - dependent.  

c. Kidney functions (uric acid and creatinine concentrations)  
 

Huff et al. (1988 and 1992) distributed one-day old male broiler 

chicks into 3 dietary treatment of OA (1, 2 and 4 ug OA / g feed) from 

hatching to 3 weeks of age to study the progression of effects induced 

by administration of OA. They indicated that uric acid and creatinin 

concentration were significantly higher in OA- treated broilers at 2 and 

4 ug / g feed during the experimental period than those of the control.  

Similarly, supplementation of broiler diets with OA at a level of 

0.75, 1.5, or 3 mg / kg body weight for a period of 4 weeks from 4th to 

8th weeks of age caused significant increase in serum uric acid 

concentration in all treated groups with OA when compared with the 

control group (Mohiuddin et al., 1992, 1993 and Patil et al., 2005). 
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Gentles et al. (1999) subjected broiler chicks to fed a diet 

contaminated with OA at 2.5 mg / kg feed for 3 weeks of age. They 

found that there was significant increase in the serum content of uric 

acid of ochratoxicated birds (11.4 mg / 100 ml) when compared with 

the control bird (5.56 mg / 100 ml). Furthermore, significant increase in 

the uric acid concentration was noticed in broiler chicks fed gradual 

concentration of OA-supplemented diet at 130- 305 and 790 ug /kg as 

compared with OA – free diet (Stoev et al., 2000 and 2002a). 

A significant increase in serum uric acid level was a 

characteristic observed in broiler chicks fed for the first 21 days of age 

a diet supplemented with OA at a level of 567 ppb as compared with 

the control chicks (Garcia et al., 2003). 

Hatab (2003) and Elaroussi et al. (2008) fed male broiler chicks 

for the first 5 weeks of age a supplemented diet with two levels of OA 

(400 and 800 ppb). They noticed that the presence of OA in broiler 

diets at both levels resulted in significant increase in serum uric acid 

and creatinine concentration as early as 1st week of age and continued 

throughout the experimental period than that of the control birds.  

Kumar et al. (2003) noticed that serum concentrations of uric 

acid and creatinine significantly increased in broiler chicks subjected to 

ochratoxicosis in their diet from day-old up to 35 days of age at levels 

of 2 ppm when compared with the chicks of control group. 

Agawane and Lonkar (2004) contaminated broiler diets 

artificially with 0.5 ppm OA and fed to broiler chicks for 6 weeks from 

hatching to study the effects of OA on some hematological and 

biochemical measurements. They recorded that the presence OA at the 
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level examined resulted in significant increase in serum creatinine 

concentrations. Increase serum creatinine concentration in OA-treated 

birds might be due to nephrotoxic action of OA, which causes renal 

impairment by destruction of epithelial cells of convoluted tubules. 

Sakhare et al. (2007) subjected one -day old broiler chicks to fed 

a supplemented diet with 200 ppb OA for 6 weeks of age. They found 

that feeding OA at this dietary level caused significant increase in the 

serum concentrations of both uric acid and creatinine as opposed to the 

control group.  
 

d. Thyroid hormones (triiodiothyronine; T3 andthyroxine; T4)       
 

Few attempts were performed to investigate the effects of 

dietary OA-supplementation on thyroid hormones activities in chicks. 

Hatab (2003) and Elaroussi et al. (2006) used 240 one-day-old 

male broiler chicks and randomly distributed into 3 dietary 

experimental groups and given rations containing 0, 0.4 or 0.8 ppm OA 

respectively from 1 day to 5 weeks of age. They reported that the 

presence of OA in broiler diets caused a significant increase in serum 

T3 concentration and a significant decrease in serum T4 concentration 

when compared with the control birds. They concluded that the effects 

of OA on thyroid hormones were dose and time dependent.  

El-Barkouky and Abu-Taleb (2008) noticed that broiler chicks 

subjected to intoxication in their diet with OA at a level of 50 and 100 

ppb from day-old to 5 weeks of age developed a significant increase in 

serum T3 concentration at both examined OA levels than that of control 

chicks. They noted also that the effects of OA were dose – dependent.  
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8. Effects of ochratoxin A on immunological parameters 

Elkady (1993) studied the effects of dietary OA supplementation 

at 4 ug / g diet on the humoral immune response of broiler chicks from 

one-day old to 6 weeks of age. They reported that the humoral immune 

response as measured by determine the titer of antibodies against 

NewCastle disease was significantly lower in the OA-treated group 

than that of the control group.  

Stoev et al. (2000, 2002a and 2004) studied the effect of OA at a 

dietary level of 130, 305 and 790 ppb on performance and 

immunological parameters in broiler chicks. They reported that OA 

significantly lowered the haemagglutination antibody titers in treated 

chicks and immunized with vaccine against NewCastle disease than 

that of OA-untreated chicks.  

Santin et al. (2001a and 2002b) observed that exposing broiler 

chicks to feeding on OA-supplemented diets at a level of 2ppm resulted 

in lower antibody titer produced against NewCastle disease virus than 

the titers produced in the control chicks, showing the interference of 

this mycotoxin on the humoral immune response of broilers.  

Hatab (2003) and ELaroussi et al. (2006 and 2008) fed broiler 

chicks from 1 to 35 days of age on basal broiler diets artificially 

contaminated with OA at two dietary concentrations of 400 and 800 

ppb to study the effects of OA on humoral immune response. 

Significant sharp reduction was observed in antibody titer against 

immunization with non-pathogenic antigen sheep red blood cells 

(SRBC) and against NewCastle disease virus at all test periods in both 
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ochratoxicated groups when compared with the amount of antibody 

produced in the control group.  

Furthermore, significant reduction in heamaglutination (HA) 

titers against sheep red blood cells (SRBC) was recorded in chicks fed 

a diet supplemented with 4 mg OA /kg diet for 42 days of age 

compared with that of control chicks (Verma et al., 2004). 

Balachandran (2006) observed significant reduction in antibody 

produced against NDV in OA-fed chicks at 250 ppb and lymphoid 

depletion and lymphocytosis in all lymphoid organs of NDV 

challenged birds. Similarly, Gounalan et al. (2006) found reduction in 

antibody titers to NDV vaccinated layer chicken fed 0.25ppm of OA 

for 14 weeks of age. 

Sakhare et al. (2007) subjected one-day old broiler chicks to fed 

on OA-supplemented diet at level of 0.2 ppm for 6 week of age. They 

found that dietary OA-supplementation significantly reduced the 

development of humoral immune response at all periods of observation 

as measured by estimating haemagglutination inhibition (HI) titer 

against NDV. They concluded that the reduced immune response could 

be accounted by reduced protein and globulin synthesisand impaired 

processing of antigen due to impaired phagocytosis. 

Sawale et al. (2009) demonstrates that dietary inclusion of OA 

at 1 ppm adversely affects humoral immune response. Significant 

decrease in HA titers against sheep red blood cells in birds of 

ochratoxicated group (3.73) was observed as compared to the control 

group (5.0).  
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9. Effects of ochratoxin A on histological parameters 

a. Kidneys 

Mraz and Kosutzky (1992) subjected broiler chicks to 

intoxication in their diets with OA at a dietary level of 850 ppb up age 

42 days to study the effects of OA on health state and the patho-

morphological lesions in internal organs. A histological picture of 

kidneys of OA-treated chicks revealed dystrophy of the tubular 

epithelial cells, dystrophic lesions in the glomerules and cellulization of 

the connective tissue of intertubular spaces.   

Elkady (1993) added OA at a level of 4 ug / g feed into broiler 

diet and fed to broiler chicks from 1 day of hatch to 42 days of age.  

They revealed that the kidneys are the most affected organ by OA. The 

lesions in the kidney consisted of glomerular necrosis, tubular epithelial 

cell degeneration, fibrosis and dilated blood vessels.  

Stoev et al. (2000 and 2004) studied the effects of OA at a level 

of 130, 305 and 790 ppb on performance and pathomorphology of 

some internal organ of broiler chicks. They reported degenerative 

changes in the proximal convoluted tubules in kidneys. The main 

pathomorphological changes were cloudy swelling and granular 

degeneration in the epithelium and mononuclear cell proliferation in 

the kidney of OA-fed chicks as compared to the control chicks.  

Biro et al. (2002) exposed broiler chicks to receive a total of 0.5 

mg of OA per week for 4 weeks. They reported by the microscopical 

changes that associated with toxin exposure were glomerulonephrosis, 

tubulonephrosis, focal tubular epithelial cell proliferation and multiple 

adenoma-like structures in the renal parenchyma of the kidney. 
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Santin et al. (2002b) studied the effects of supplemented broiler 

diets with OA at a level of 2 mg / kg diet for 6 week of age on 

histological changes occurred in the kidney. They found that the 

kidneys of OA-fed chicks showed hypertrophy of the renal proximal 

tubular epithelium with thickening the glomerular basement membrane.  

Hatab (2003) and Elaroussi et al. (2008) subjected broiler chicks 

to fed OA-supplemented diets at two dietary levels of 400 and 800 ppb 

through 5 weeks of age. They reported that the prominent histological 

changes related to the dietary OA observed in the kidney mainly found 

in the proximal convoluted tubules (PCT) of the kidney and in the 

cortex. The main histological changes were cloudy swelling and 

granular degenerative changes in the cytoplasm and Pyknotic nuclei in 

the epithelial cells of proximal convoluted tubules of kidney (PCT). 

Furthermore, marked degeneration of Malpigian corpuscles and 

hyalinization and obliteration of capsulars paces were recorded.  

Kumar et al. (2004) and Gupta et al. (2008) reported that dietary 

OA supplementation to broiler chicks at 2 mg / kg feed for 35 days of 

age resulted in a histological alteration in the kidneys included swollen 

proximal convoluted tubules, degeneration of tubular epithelium and 

interstitial nephritis.  

Hanif et al. (2008) studied the effect of two concentration (0.5 

and 1 mg/kg) of OA on the performance, and clinico-pathomorphology 

of internal organs of broiler chicks over a 42-d period from hatch. 

Histopathological examination of kidney on day 42 revealed 

degenerative changes in the epithelial cells of the proximal convoluted 

tubules and massive necrosis of the proximal tubular epithelial cells.  
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b. liver 

Dwivedi et al. (1984) studied ultrastructure changes in the liver 

of broiler chicks. Fed diets supplemented with OA at levels of 2 and 4 

mg / kg feed for 20 days after hatch. Electron microscopy revealed 

changes in the liver of OA-treated chicks at both levels, including 

increased accumulation of cytoplasmic glycogen in the hepatocytes. 

Kozaczynski (1994) administered OA at a dose of 1 mg / kg BW 

to male broiler chicks at 20 days of age to study the histopathological 

and histochemical changes in broilers. They reported an increase in 

acid phosphatase reaction in the cytoplasm of liver cells and in the 

hepatic intracellular spaces along with glycogen degeneration of 

hepatocytes in OA-administered broilers compared to the control 

chicks. 

Stoev et al. (2000 and 2004) studied the effect of adding graded 

concentrations of OA at levels of 130, 305 and 790 ppb into the broiler 

diets to evaluate the toxic effects of OA on performance and 

pathomorphology of some internal organ of broilers. They reported a 

significant increase in the liver weight. The main pathomorphological 

changes were cloudy swelling and granular degeneration in the 

epithelium and mononuclear cell proliferation and activation of 

capillary endothelium of OA-fed chicks compared to the control chicks.  

Santin et al. (2002b) studied the histological changes occurred in 

liver of broilers due to the effects of dietary OA supplementation at a 

level of 2mg / kg diet during first 6 weeks of age. They found that the 

relative weight of the livers of birds was increased, and microscopically 

there was hepatocyte vacuolation and megalocytosis with 
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accompanying hyperplasia of the biliary epithelium compared to the 

control birds. 

Crude extract of OA was added to sorghum-soybean meal diets 

to provide a level of 567 ppb OA and fed to broiler chicks for the first 

21 days of age. After 21 days, the histological findings observed in 

livers of birds were swollen and necrotic hepatocytes and bile duct 

hyperplasia (Garcia et al., 2003). 

Kumar et al. (2004) observed degenerative changes and 

mononuclear cell infiltration in the liver of OA-treated chicks at level 

of 2 mg / kg feed from 1 to 35 days of age. They recorded that OA 

induced these changes after 10 days of treatment. 

Sakhare et al. (2007) fed one-day old broiler chicks an OA-

supplemented diet at a level of 200 ppb for 6 weeks of age to revealed 

the histopathological changes in some internal organs of broiler during 

ochratoxicosis. Histological changes were observed at the 21st and 42nd 

days of experiment. On the 21st day of age a section of liver of OA-fed 

birds revealed degenerative changes in liver parenchyma.  Most of the 

hepatocytes were swollen, congestion and vacuolated. On 42nd days of 

age, fibrous connective tissue proliferation, along with scattered 

infiltration of lymphocyte and heterophils in necrotic area, was 

prominent in OA-treated birds as opposed to control birds.  
 

c. Bursa of Fabricius 

Elkady (1993) supplemented 140 one- day-old broiler chicks 

with OA in their diet at a level of 4 mg / kg diet for 42 days of age. He 

summarized the histopathological finding during ochratoxicosis in 

broiler chicks at 2, 4 and 6 weeks old. Histological examination of the 



 51

bursa showed depletion of lymphocytes in lymphoid follicles and 

leucocytic inflammatory cell infiltration in the intrafollicular 

connective tissue.  

Twenty-day administration of OA at a dose of 1 mg/kg body 

weight to one-day-old male broiler chicks caused degenerative lesions 

in the bursa of Fabricius with advanced atrophy of bursal follicles 

which led to a marked reduction in the size of both bursal plicae and 

the whole organ (Kozaczynski, 1994). 

Stoev et al. (2000 and 2004) studied the changes induced of 

broilers as results of presence OA at a dietary level of 130, 305 and 790 

ppb into the broiler diets. Degenerative changes and depletion of 

lymphoid cells in the bursa of Fabricius was noticed in ochratoxicated 

birds as compared with the control birds. 

Santin et al. (2002b) subjected broiler chicks to fed OA-

supplemented diet at level of 2mg / kg diet for 6 week of age. They 

found that the exposure of birds to 2 ppm OA in their diets resulted in 

reduction in the number of bursal mitotic cell index, possibly resulting 

from the inhibition of protein synthesis by OA. 

Kumar et al. (2004) and Gupta et al. (2008) reported that 

feeding OA-contaminated diets to broiler chicks at dietary 

concentration of 2 ppm for 35 days old resulted in atrophy of the bursa 

of Fabricius along with depletion of lymphocytes.  

Koynarski et al. (2007) found degenerative changes and 

depletion of lymphoid cells (karyopyknosis and karyorrhexis) in the 

lymph follicles in the bursa Fabricius of Plymouth Rock fed a 

supplemented ration with OA at dietary level of 4 ppm for 2 weeks. 
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Histopathological changes in some internal organs of broiler 

during ochratoxicosis was studied by Sakhare et al. (2007) who 

subjected one-day old broiler chicks to fed on OA-supplemented diet  

at a level of 200 ppb for 6 week of age. Histological changes were 

observed at the 21st and 42nd days of experiment. On the 21st day of age 

a section of bursa of OA-fed birds revealed depletion of medullary 

lymphocytes from bursal follicle. At a later period of observation (42nd 

days of experiment) pathological changes were more pronounced; 

reduction in size of bursal follicles, and depletion and necrosis of 

lymphoid cells from follicle, with proliferation of fibrous connective 

tissue in inter-follicular space was also observed as opposed to control 

group.  

Hatab (2003) and Elaroussi et al. (2008) subjected male broiler 

chicks to fed OA-supplemented diets at two dietary levels of 400 and 

800 ppb through 5 weeks of age to evaluated the functional and 

histological changes of some internal organs of broiler chicks during 

ochratoxicosis. Histopathological findings in the sections of the bursa 

from broiler chicks fed the contaminated diets with 800 ppb OA for 2 

and 4 weeks showed significant histological changes that were 

reflected in swelled follicle-associated epithelium with apical 

accumulation of secretions, which appeared as vacuolated cytoplasm. 

In addition, follicles of OA-exposed broilers receiving a level of 800 

ppb for prolonged period of 4 weeks appeared to be swollen and 

atrophic with some lympholysis and lymphoid depletion in lymphoid 

follicles with larger paler nuclei in the germinal center of the follicles 

relative to the control.  
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10. Strategies for the control of ochratoxicosis 
 

Mycotoxins contamination of feeds and feedstuffs is virtually 

inevitable. For this reason, several strategies have been developed to 

minimize the deleterious effects of mycotoxins on livestocks. Although 

certain treatments have found to reduce the levels of specific 

mycotoxins, however no single method has developed that is equally 

effective against the wide variety of mycotoxins, which may occur 

together in various commodities (Schatzmayr et al., 2004). 

Producers and researchers aim to develop effective prevention 

management and decontamination technologies to minimize the toxic 

effects of mycotoxins. Besides of the preventive management, several 

new approaches have been employed including physical, chemical, 

nutritional and biological treatments to detoxify mycotoxins in 

contaminated feeds and feedstuffs (Parlat et al., 2001 and Basmacıoglu 

et al., 2005). A large-scale, practical and cost-effective method for 

detoxifying of mycotoxins-containing food and foodstuffs are currently 

not available although a variety of methods for detoxification has been 

employed (Galvano et al., 2001). 

According to Scott (1998), Bata and Lasztity (1999) and 

Galvano et al. (2001) the decontamination process must: 

1. Destroy, inactivate or remove the mycotoxin. 

2. Not produce or leave toxic substances, metabolites, carcinogenic or    

     mutagenic residues or by- products in final food or  food products.       

3. Retain the nutritive value and feed acceptability of the product. 

4. The process should be economically feasible, readily available, 

easily utilized, and inexpensive.  
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Mycotoxin detoxification” refers only to post-harvest 

treatments. Several strategies are available for the detoxification of 

mycotoxins, these can be classified according to the system used into 

physical, chemical, adsorbents, nutritional and microbiological 

(biological) methods, and their objective is to remove, destroy 

(decontaminate) and reduce or eliminate the OA toxic effects (detoxify) 

by destroying, modifying or absorbing this mycotoxin (FAO/WHO/ 

UNEP, 1999a and Varga and Toth, 2005).  

The use of many of the available physical and chemical methods 

for the detoxification of products contaminated with mycotoxins is 

limited due to problems concerning safety, require suitable reaction 

facilities but also respective chemicals and additional treatment that 

make them very time consuming and expensive possible, and also the 

handling of the chemicals poses a potential risk to the workers. 

Chemical detoxification does not meet the FAO requirements, because 

some compounds leave behind their toxic metabolites and others 

reduce the nutritional value of treated food and feed. Mostly the 

nutritive value and the palatability of the feed are changed. The feed 

quality in general is negatively influenced by those treatments and even 

toxic by-products cannot be excluded. Thus, there is no practical 

application of these methods; this has led to the search for alternative 

strategies (Scott, 1998 and Bata and Lasztity, 1999). 

Costs and limitations of physical and chemical treatments for 

detoxification of OA prompted the search for other solutions 

concerning the mycotoxin hazard. Consequently, techniques were 

investigated based on deactivation of mycotoxins directly in the 
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gastrointestinal tract of animals. At the beginning of the 1990s, the 

adsorbent-based product studies were conducted to test   their ability   

to detoxify feed contaminated with mycotoxins, and thus minimized the 

toxicity in poultry (Huwig et al., 2001 and Peraica et al., 2002). 

Recently, one of the most effective approaches and promising 

aspects to control of mycotoxicosis is the use of non-nutritionally 

specific materials (adsorbents or mycotoxin binders) that adsorb 

mycotoxins and avoiding or limiting their bioavailability thus reduce 

their adverse effects. Adsorbents are large molecular weight polymers 

that, when added to feed, are capable of forming irreversible complexes 

with mycotoxin molecules and prevent them from being absorbed in 

the animals digestive tract, thereby limiting their effect on animals and 

thus their transfer to edible animal product. Such complexes are not 

digestible, pass down the digestive tract and are excreted in the feces. 

(Bata and Lasztity, 1999). 

In this respect, activated carbon, aluminosilicates (hydrated 

sodium calcium aluminosilicate (HSCAS), certain clay, bentonite, 

montmorillonite, zeolite, phyllosilicates,), complex indigestible 

carbohydrates (cellulose, polysaccharides in the cell walls of yeast such 

as glucomannans, peptidoglycans, and others) and synthetic polymers 

such as cholestryamine are the most studied adsorbent and they possess 

a high affinity for mycotoxins (Huwig et al., 2001; CAST, 2003; 

Yiannikouris et al., 2003 and Jounay et al., 2005). 

Inorganic materials such as aluminosilicates, bentonites, 

charcoal and zeolite, or clays in general, were early used for their 

adsorptive properties and efficient binders to reduce the toxic effect of 
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aflatoxins. However, their efficacy against other mycotoxins such as 

ochratoxin, fusariotoxins and trichothecenes is very limited or near zero 

under field condition. Furthermore, it need to be incorporated at high 

levels and can have side effects on some dietary nutrients, thus 

reducing the nutritional value of animal diets. Therefore, several 

studies have been carried out on other types of binders during the last 

decade (Parlat et al., 1999; Galvano et al., 2001; Lemke et al., 2001; 

Santin et al., 2002a and Watts et al., 2003).  
 

Some complex indigestible carbohydrates (cellulose, 

polysaccharides in the cell walls of yeast and bacteria such as 

glucomannans, and peptidoglycans, and others) can adsorb mycotoxins 

(Van Rensburg et al., 2006). 

a. Yeast and cell wall of yeast 

The advent of biotechnology in the last decade has opened a 

new avenue for tackle and addressing problems of mycotoxicosis. A 

live yeast (Saccharomyces cerevisiae; Sc), initially used as a 

performance promoter in the early 1990s, was found to have beneficial 

effects in broilers exposed to mycotoxins (Newman, 1994).  

Several studies confirmatively proved that the esterified 

glucomannan (EG), a derivative of the yeast cell wall, is able to bind 

higher levels of several important mycotoxins as compared to the 

limited narrow range binding abilities of inorganic binders (Mahesh 

and Devegowda, 1996 and Volkl and Karlovsky, 1998). 

Devegowda (1997) and Dvorska and Surai (2001) concluded 

that the effect of esterified glucomannan (EG) to counteract the effects 

of mycotoxins might be attributed to mycotoxin adsorption ability, to 
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block colonization of pathogens in the gastrointestinal tract, and its 

inhibitory effect on liver antioxidant depletion. 

Devegowda et al. (1998) reported that a natural absorbent 

derived from the cell wall of Sc, mannanoligosaccharide (MOS) has 

been shown to effectively bind several mycotoxins (ochratoxins, 

aflatoxins and the fusariotoxins). 

Esterified glucomannan is a toxin binder consisting of functional 

carbohydrates extracted from yeast cell walls of Sc. It has a large 

surface area of 22,000 m2 per 1 kg and contains a large number of pores 

of different sizes to trap a wide range of mycotoxins (Cole, 1999).  

Shane (1999) showed that modified and esterified glucomannan 

(EG) compounds from the cell wall of Sc have a high affinity for the 

mycotoxins both in vitro and within the intestinal tract. Addition of 

glucomannan compounds to poultry diets has improved growth rate, 

survival rates, egg production and hatchability in the presence of 

mycotoxin contamination. They suggested that glucomannan 

compounds extracted from Sc reduce the immunosuppressive effect of 

the mycotoxins and stimulate the immune response resulting in higher 

levels of the antibody in response to the vaccines. 

Devegowda (2000) and Manoj and Devegowda (2000) 

mentioned that glucomannans extracted from the external part of the 

cell wall of the yeast Sc are able to bind certain mycotoxins. Their great 

binding capacity results from the large area available for exchange. 

Thus, 500 g of glucomannans from yeast cell -wall have the same 

adsorption capacity as 8 kg of clay.  
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    Table 3. 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 (OA 12.5 
Nivalenol (NIV) 8.2 
Fusariotoxin 7.9 

 

Raju and Devegowda (2000) evaluated the individual and 

combined effects of OA (2 mg/kg), AF (0.3 mg/kg) and T-2 toxin (3 

mg/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 Sc at 1g /kg in 

their counteraction. They reported a significant amelioration in the 

mycotoxins-dependent detrimental effects alone or in combination in 

broilers for 21and 35 days as a result of the addition of EG to broiler 

contaminated diets. They added that the role of Sc in mycotoxins 

detoxification may be attributed to its toxin binding ability, stimulate 

the immune system and by competing for binding sites on enterocytes 

inhibit colonization of the intestine by pathogens, indicating its possible 

beneficial effect on mycotoxicosis   in broiler chickens. 

Santin et al. (2001b) showed a significant improvement in feed 

conversion of broilers submitted to fed a diet supplemented with cell 

wall of Sc. They suggested that the cell wall of Sc improve the 

intestinal mucosa aspects (increased of villus height in intestinal 
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mucosa) and that it might be the explanation for improvement in 

performance of broilers supplemented with cell wall of Sc. 

Swamy et al. (2002) suggested that an adsorbent consisting of 

EG has been effective in ameliorating the toxic effects of multiple 

mycotoxins present in naturally contaminated feed. They hypothesized 

that the mycotoxins is trapped in the glucomannan matrix preventing its 

absorption from the intestine.  

Aravind et al. (2003) carried out an experiment to determine the 

efficacy of EG at 0.05% of diet in counteracting the toxic effects of 

multiple mycotoxins in naturally contaminated diet (aflatoxin 168 ppb, 

ochratoxin 8.4 ppb, zearalenone 54 ppb, and T-2 toxin 32 ppb) fed to 

broiler chicks from one-day old. The naturally contaminated diet 

significantly decreased BW, FC, poor feed efficiency and PCV values 

along with altered γ-glutamyl transferase activity and increased relative 

weights of liver and gizzard. On the other hand, dietary 

supplementation with EG is effective in counteracting the toxic effects 

of naturally contaminated feed with mycotoxins on broilers. 

Several authors attributed the ameliorative effects of Sc in 

mycotoxins detoxification to binding capacity for mycotoxins 

molecules (Devegowda et al., 1996), to modulate the immune response 

(Fernandez et al., 2002 and Shashidhara and Devegowda, 2003), to 

provide nutrients that are beneficial to gut flora, thus improving animal 

production (Fritts and Waldroup, 2003) and to inhibition of pathogen 

colonization in the intestine (Yildiz et al., 2004). 

Lawlor and Lynch (2005) and Caridi (2007) indicated that yeast 

cell wall, mannanoligosaccharide (MOS) found to be effectively bind 
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ochratoxins and to bind aflatoxins. This product has advantage over 

other binding agents in that it does not bind vitamins or minerals. 

Peteri et al. (2007) observed that both viable and heat - treated 

(dead) yeast cells were able to adsorb significant amounts (up to 250 

ng/mL) of OA. 

Khalil (2008) fed Japanese quail chiks from 3 week old a diet 

contaminated with OA at dietary concentration of 16.5 ppm (50 ug / 

bird / day) and yeast (Saccharomyces cerevisiae) at 2gm / kg diet to 

study the efficacy of yeast in providing protection against the 

detrimental effects of  OA on clinical, productive, biochemical, 

immunological and histopathological changes. They observed that 

presence of OA in ration caused significant reduction in BW, FC, FCR, 

TP, Alb and Glob and reduced the counts of white blood cell and 

phagocytic activity of macrophage. Degenerative changes were noted 

also in kidney and livers as a result of OA. On the other hand, 

supplemented quail diets with Saccharomyces cerevisiae ameloriated 

all the negative effects provoked by OA. 

Elbarkouky et al. (2010) fed male broilers from 1 to 35 days of 

age a contaminated diet with OA 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. They found that contamination of 

broiler diets with 200 ppb OA caused a significant reduction in BW, 

FC and worse FCR. Moreover, a significant increase in relative weights 

of kidney, liver, gizzard and proventriculus, in addition to high 

mortality percent. They indicated that addition of Saccharomyces 



 61

cerevisiae to broiler diets providing the partial protection against the 

toxic effects of OA.  
 

In addition to special care to prevent the growth of moulds, 

detoxification measures, reduction of gastrointestinal absorption, there 

is a need for prevention of the mycotoxin-induced toxic effects once 

the toxin is ingested. Nutritional approaches, such as supplementation 

of nutrients, feed components, antioxidants, or additives with protective 

effects against mycotoxin toxicity are assuming increasing interest 

(Baudrimont et al., 1997a and Creppy et al., 1998). 

b. Vitamins supplementation 

Bendich et al. (1986) reported that vitamin C (vit.C) is the most 

efficient vitamin for inhibiting OA genotoxicity. They observed that 

about 90% reduction of OA in kidney and liver by vit.C. They added 

that vit.C is an important antioxidant and a free radical scavenger, 

thereby preventing the production of electrophilic metabolites.  

Haazele et al. (1993) studied the efficacy of vit.C 

supplementation at 300 mg / kg to reduce the adverse effects of OA at 

two concentration of 1.7 or 3.0 ppm on laying hens housed under two 

environmental temperatures (25 ºC and 33 ºC ) for 14 days. They 

reported that vit.C supplementation lead to increased feed consumption, 

improvement of egg quality and plasma electrolyte concentration, 

which negatively affected by OA. 

Several authors have also reported that some of the toxic effects 

of OA in vitro and in vivo can be ameliorated or counteracted by 

antioxidants such as vitamin C and E (Bose and Sinha, 1994; Jones et 

al. 1994 and Malaveille et al.,1994). 
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Hoehler and Marquardt (1996) carried out an experimental study 

to determine whether two antioxidant vitamins, E and C were able to 

counteract the production of lipid peroxides and the corresponding 

toxic signs of OA. They incorporated three doses of vitamin E 

(required level according to NRC, 10x, and 100x requirements) and 

three doses of vitamin C (0, 200, and 1,000 mg/kg of diet) into the diets 

of Leghorn cockerel chicks contaminated with 2.5 mg OA/kg of diet. 

They reported that OA decreased the performance of the chicks 

significantly. Supplementation of the diet with vitamin E (100x the 

requirement) partially counteracted this effect. They suggested that 

lipid peroxides are formed in vivo by OA and these effects can be 

partially counteracted by vitamin E but not by vitamin C. 

Grosse et al. (1997) found that pretreatment with antioxidant 

vitamins C, E or A reduced the levels of DNA adducts in the kidney of 

broilers administered with OA. Vitamin C decreased DNA adducts by 

90% in kidney. Vitamin E decreased DNA adducts levels by 80% and 

vitamin A by 70%.  

Atroshi et al. (2000 and 2002) proved that vitamin C in 

combination with other antioxidants such as vitamin E, Zn, Mg and 

selenium, can exert some inhibition of apoptosis caused by OA at 2.5 

ppm in liver. These properties are probably due to the ability of 

antioxidants to act as superoxide anion scavengers, thereby protecting 

cell membrane from the mycotoxin-induced damage. 

Several natural components of the diet, α-tocopherol, all-trans-

rretinol, carotenoids, and ascorbic acid, show antioxidant properties 

and may counteract mycotoxin cytotoxicity by blocking mycotoxin-
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induced free radical damage because their ability to act as superoxide 

anion scavengers. Furthermore, they suggest that localization of all 

trans- retinol within the membrane might have played a crucial role in 

scavenging peroxyl radicals and stabilizing the membrane (Galvano et 

al. 2001; Schaaf et al., 2002 and Baldi et al. 2004).  

Elbarkouky and Abu-Taleb (2008) carried out an experimental 

study to determine the opposing effect of vitamin C at dietary levels of 

300 mg / kg diet against the toxic effects of OA at two dietary 

concentrations of 50 and 100 ppb on performance, hematological, 

biochemical and histological changes in broiler chicks from 1 to 35 

days of age. They found a significant decrease in BW, FCR, Hb, PCV, 

RBC counts, TP, Alb and Glob, in addition to increase mortality 

percent, T3 hormone concentration and histological alteration in both 

spleen and thymus in chicks exposed to low and high levels of OA. 

They reported that supplementation of broiler diets with vitamin C 

improved the all parameters affected by OA. 

On the contrary to the above mentioned study, Elbarkouky et  al. 

(2010) fed male broilers from 1 to 35 days of age a contaminated ration 

with OA at dietary concentration of 200 ppb and studied the 

ameliorative effects of supplementing broilers diets with vitamin C at 

300 mg / kg diet on broiler performance. They reported that broilers fed 

a contaminate diets with 200 ppb OA showed a significant reduction in 

BW, FC and worse FCR. Moreover, a significant increase in relative 

weights of kidney, liver, gizzard and proventriculus, in addition to high 

mortality percent were observed. They indicated that addition of 

vitamin C did not prevent the negative effects of OA on broilers. 
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MATERIALS AND METHODS 
The present study was carried out at the experimental animal 

house and laboratory belonging to poultry physiology and production 

researches unit, Nuclear Research Center, Atomic Energy Authority, 

Inshas, Sharkia, Egypt. The experiment was extended from November 

to December 2008. The objective of the experiment was  to study the 

effect of feeding broiler chicks artificially contaminated diets with the 

mycotoxin ochratoxin A on productive performance, heamatological, 

physiological, immunological and histological measurements, and  also 

to evaluate  the efficacy  of Saccharomyces cerevisiae and vitamin C 

supplementation to reducing these toxic effects of ochratoxin A. 

1. Materials 

a. Organism (standard toxigenic strain) 

Standard toxigenic strain culture of Aspergillus Ochraceus 

(NRRL 3174) was used throughout the present study to produce 

ochratoxin A. The culture was grown on potato-dextrose-agar slants at 

28 ºC and stored at 5 ºC. 

b. Media used 

1. Fresh potato dextrose agar medium (FPDA) 

The media used to stimulate spores formation of the mold strain 

was prepared according to Walbeek et al. (1969) as follow: 

                        Diced potato                    200 gm 

                        Dextrose                           10 gm 

                       Agar                                   15 gm   

                    Distilled water     to           1000 ml 

                   pH            adjusted to         5.6     
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The diced potato was added to distilled water and boiled in 

water bath for 45 minutes. The medium was then filtered using cotton 

and gauze. To the filtrate, dextrose and agar were added and the content 

was completely by adding distilled water to 1 liter and the medium was 

dissolved completely by placing in warm water bath then autoclaved at 

120 ºC and 15 p.s.i for 20 minutes. 

2. Yeast extract sucrose medium (YES) 

On which ochratoxin A is the sole metabolite produced by the 

mould. It was prepared according to the method reported by Davis et 

al. (1969) as follow: 

Yeast extracts                          20 gm 

Sucrose                                 40 gm 

 Distilled water       to          1000 ml 

Sterilized by autoclaving at 110 ºC for 10 minutes. 
 

c. Yeast (Saccharomyces Cerevisiae; Sc) 

Instant active dry yeast (saccharomyces cerevisiae) was used as 

anti ochratoxicosis. The yeast was marked as KVASEC with viable cell 

about 11.6 x 109/ gm. Active dried yeast was added to the diet at a 

concentration of 3 g per kg diet fed to the chicks at 3 days of age 

(initiation of the experiment) untill the end of experiment at 5 weeks of 

age according to the work plane.  

d. Ascorbic acid (vitamin C) 

Vitamin C was also used in the present study as anti 

ochratoxicosis, and was added to broiler ration at level of 300 mg /kg 

diet from initiation to termination of the experiment. 
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e. Experimental birds 

A total number of 368 one-day old unvaccinated male broiler 

chicks (Ross) were used in this experiment from 3 days after hatch 

(experimental initiation) to the end of the experiment at 5 weeks old 

(experimental termination).  

f. Groups and experimental design 

One-day old chicks were housed in batteries and fed 

recommended diets free from toxin till the third day of age (zero day of 

experiment). All chicks were weighed individually and the upper and 

lower body weights were withdrawn. The remainder of chicks were 

weighed and randomly divided equally into eight groups, each of 46 

chicks with similar mean body weights. The experimental design 

(Table, 4) consisted of 8 dietary treatments allotted to the type of 

supplementations in diet as follows:  

1. The first group was served as a negative control that fed basal diet 

without any supplementation. 

2. The second group was fed a supplemented diet with 3gm Sc / kg diet. 

3. The third group was fed a basal diet supplemented with 300 mg vit.C 

/ kg diet. 

4. The fourth group was fed a basal diet supplemented with 3gm Sc + 

300 mg vit.C / kg diet.  

5. The fifth group was fed a basal diet artificially contaminated with 

200 ug OA / kg diet. 

6. The sixth group was fed a contaminated diet supplemented with 200 

ppb OA + 3 gm Sc / kg diet. 
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7. The seventh group was fed a contaminated diet supplemented with 

200 ppb OA + 300 mg vit.C / kg diet. 

8. The eighth group was fed a contaminated diet supplemented with 

200 ppb and 3gm Sc+ 300 mg vit.C / kg diet. 

g. Management 

The chicks were housed in batteries in an experimental animal 

house and fed a commercial starter ration (22.2 % crude protein and 

2925 Kcal ME /kg diet) from one – day old to 18 days of age and then 

a grower rations (20.8% crude protein and 3076 Kcal ME / kg diet) 

from 19 days to 5 weeks of age according to nutrient requirements of 

broilers (Table, 5) recommended by the National Research Council 

(NRC, 1994). Commercial broiler starter-grower 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 and there were no detectable level present; the levels were 

below the detection limit of aflatoxin and others mycotoxins (detection 

limit 1 µg/kg feed) (Howel and Taylor, 1981). The ochratoxin A and 

other mycotoxins in the feed was assayed prior to start of the trial and 

again at all feed addition to chicks to provide the levels employed of 

ochratoxin A per kilogram of finished feed. 

Feed and water were available for chicks ad Lib during the 

experimental period. Water was provided by drip nipples and the 

broilers were exposed to continuous fluorescent light throughout the 

whole experimental period. Table 6, shows the vaccination program for 

broiler chicks used in this experiment. 
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   Table 4. Groups and dietary treatments 

Groups Dietary treatments 

Control 
  

       NRC recommended diet without any supplementation 

Saccharomyces cerevisiae (Sc)        Control diet + 3 g Sc / kg diet 

Vitamin C (vit.C)        Control diet + 300 mg vit.C / kg diet 

Saccharomyces cerevisiae + vitamin C (Sc + vit.C)        Control diet + 3 g Sc + 300 mg vit.C /  kg diet 

Ochratoxin A (OA)        Control diet + 200 ppb OA / kg diet 

Ochratoxin A + Saccharomyces Cerevisiae (OA + Sc)        Control diet + 200 ppb OA + 3g Sc / kg diet 

Ochratoxin A +  vitamin C (OA + vit.C)        Control diet + 200 ppb OA + 300 mg vit.C / kg diet 

Ochratoxin A+ saccharomyces cerevisiae + vitamin C 
(OA + Sc + vit.C) 

       Control diet + 200 ppb OA +  3g Sc + 300 mg vit.C /   
        kg diet 
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  Table 5. Broiler diet ingredients 
 

Item Starter Grower 

Yellow corn 56.4   58 

Soybean meal  44 % 32 30 

Corn Gluten meal 60 % 5 4 

Oil 1.5 3.5 

mono calcium phosphate 1.8 1.6 

Calcium carbonate 1.7 1.5 

Total 98.4 98.6 

Lysin 0.3 0.25 

D.L. Methionin 0.3 0.25 

Choline Chloride 0.2 0.175 

Sodium chloride 0.225 0.225 

Bicarbonate 0.225 0.225 

Premix (Vitamins) 0.15 0.15 

Premix (Minerals) 0.15 0.15 

Anticocidial (Declomix) 0.1  

Total 100.0 100.0 

   Calculated analysis 

   Crude protein (%) 22.2 
 

20.82 

   ME (Kcal / kg) 2925 3076 
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      Table 6. Vaccination program for broiler chicks 

Age 
(days) Vaccines       Method used 

8 IB+ ND (MA5+Clone 30)       Eye drop 

8 H5N2 (oil killed vaccines)       Subcutaneously into the     
      lower back part of the neck 

14 Infection bursal disease (Gumboro)       Eye drop 

16 Infection bursal disease (Gumboro)       Drinking water 

21 Newcastle disease (clone 30)       Drinking water 

24 Infection bursal disease (Gumboro)       Drinking water 

32 Newcastle disease (clone 30)       Drinking water 
 

 

2. Methods 

a. Preparation and production of ochratoxin A 

1. Strain recaltivation  

Aspergillus ochraceus NRRL 3174, the original ochratoxin 

producer culture was maintained at 5 ºC on fresh potato dextrose agar 

medium. The strain was subcultured on fresh potato dextrose agar 

slants using platinum loop under complete aseptic condition and was 

incubated at 30 ºC for 7 days to induce sporulation according to 

Walbeek et al. (1969). 

2. Production of ochratoxin A on yeast extract liquid medium 

Production of ochratoxin A on yeast extract liquid medium was 

prepared according to Davis et al. (1969). Flasks ( 250 ml ) containing 

100 ml of yeast extract sucrose medium nutrient solution  (4 % sucrose 

and 2 % yeast extract) were stropped with cotton plugs and autoclaved 
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for 15 minutes at 121ºC. After sterilization and under aseptic conditions, 

media were inoculated with spore suspensions from 1-week old cultures 

of a toxinogenic strain of Aspergillus ochraceus, and then the cultures 

were incubated without agitation for 12 days at 30 ºC in the dark as 

stationary cultures. 
3. Extraction of ochratoxin A from the liquid medium 

The culture was filtered through filter paper and separated into 

culture filtrate and mycelial mats. The culture filtrate after drained of 

the mycelial mats was acidified to pH 1.5 with 0.1N of hydrochloric 

acid, and then ochratoxins were extracted from the acidified filtrates 

using chloroform. Each one ml of culture filtrate was extracted twice 

by blending with 25 ml of chloroform using separatory funnels with 

high speed mixture. The chloroform extract were then refrigerated 

overnight to permit the separation of the insoluble diffuse white 

material that are surfaced at 5 ºC. The mycelial mats were submerged 

in chloroform, heated to 60 ºC for 2-3 minutes, cooled in dessicator and 

stored in dark for 18 hours, then it was separated from the solvent and 

the procedure was repeated. Each extract was cleared by refrigeration 

as described above and then acidified with 0.1N hydrochloric acid 

according to the method of Davis et al. (1969). 

4. Purification and cleanup of the acidified chloroform extracts   
 

Purification and cleaning up of the acidified chloroform extracts 

were practiced according to Nesheim (1969). Equal amount of 0.1M of 

sodium bicarbonate solution was added to the acidified chloroform 

extract and was shaken in separatory funnel, thus the chloroform 

contained no ochratoxin. The sodium bicarbonate extract that was 
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containing the ochratoxin was back extracted with chloroform again 

after acidification with 0.1N Hydrochloric acid. The purified 

chloroform extract was evaporated till dryness to remove chloroform 

using rotary evaporator.  
   

5. Quantitative determination of ochratoxin A by fluorometer 
detecting   using monoclonal antibody techniques. 

 

In recent years, the trend in the mycotoxin cleanup is to use 

immunoaffinity columns (IAC) to cleanup of specific mycotoxins. In 

general, the IAC contain specific antibodies against the mycotoxins, 

which are attached to an inert support material and selectively bind the 

mycotoxins from the crude extract when passed through. The sample 

impurities are then washed by water or phosphate buffer, and finally 

the analyte will be eluted by an organic solvent.  

Several studies have demonstrated that the IAC are very specific 

and efficiently remove sample impurities (Visconti and Pascale, 1998; 

Garcia-Villanova et al., 2004 and Castegnaro et al., 2006), therefore, 

several methods for various mycotoxins in a number of agricultural 

commodities using IAC cleanup have been validated by collaborative 

studies. They have afterward been adopted as official or standard 

methods by Association of Official Analytical chemistry (AOAC). 

Today, IAC are commercially available and are specific for multi- 

mycotoxins such as AF, DON, HT-2 toxin, T-2 toxin, ZEA, ochratoxin 

A and B, moniliformin and fumonisins.  

A Series-4 fluorometer (BBI-Source Scientific Inc., California, 

USA) was used to quantify ochratoxin A in the present study. 

Quantitative determination of OA was conducted using a basic 
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methanolic extraction, monoclonal antibody immunoaffinity column 

(OchraTest – Vicam) as described in the Vicam Instruction Manuals for 

Ochratest (Vicam, Watertown, USA). Clean-up and a fluorometric 

detection method was done according to Scott and Kanhere (1995). 

This method is accredited by the National Association of Testing 

Authorities, Australia (Ruediger and Boehm, 2002). 

The dried sample that containing the ochratoxin was dissolved 

in 2 ml of methanol analar grade and 1ml of methanol solution was 

diluted and carefully mixed with 9 ml of distilled water, then the 

column chromatography steps were applied using monoclonal antibody 

immunoaffinity column contain antibody specific for ochratoxin A as 

follows:- 

a. A volume of 10 ml from previously diluted extract was completely 

pass through ochratoxin testTM affinity column at a rate of about 1-2 

drop / second until air comes through column. 

b. A volume of 10 ml of mycotoxin wash buffer was passing through 

the column at a rate of 1-2 drop /second. 

c.  Also, a volume of 10 ml of purified water was passing through the 

column at a rate of 1-2 drops / second. 

d. Elute affinity column by passing 1.5 ml of ochratoxin testTM eluting 

solution through the column at a rate of 1 drop / second and the 

entire sample was collecting (1.5 ml) in a glass cuvette. 

e. The cuvette was mix well and place in a calibrated fluorometer. The 

ochratoxin concentration in the sample was obtained after 60 

seconds in ppb concentration. 
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b. Addition of ochratoxin A to the feed 

Ochratoxin A was incorporated into the basal diet by dissolving 

in 95% ethanol and mixed with a small portion of the basal diet. This 

small portion was allowed to dry to evaporate ethanol before being 

mixed into the remainder of the feed in a horizontal mixer to provide 

the desired level of 200 µg OA/kg finished feed. During the preparation 

of the control diet, an equal amount of ethanol was added and was 

allowed to evaporate in a fashion similar to that of the OA treated feed. 

c. Measurements 

The experimental measurements are summarized as follows: 

1. Productive Performance 

a. Body weight 

To study the effects of OA on body weight, broiler chicks were 

weighed individually to the nearest gram at the beginning of the 

experiment and then weekly until the end of the experiment.  

 b. Feed consumption (FC) and feed conversion ratio (FCR) 

The feed consumption for each group was recorded daily and the 

mean was calculated weekly until the end of the experiment as follow:- 

Average feed consumption / chick = 
 

 
 
 

 

 

Feed conversion ratio was calculated weekly for each group, 

considering the weight of dead birds as follow: 
 

Feed conversion ratio (FCR) =  

 

gram feed 
gram body weight. 

feed consumption in gram per week 
number of chicks during the same week. 

FC    = 
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c. Mortality rate  

Mortality rate was recorded daily and was calculated weekly for 

each group through the experimental period and was also calculated as 

a cumulative mortality. 

2. Relative organ weights 

From 1 to 5 weeks of age, five birds of each group were 

randomly chosen weekly, weighed, slaughtered and dissected. Kidney, 

liver, gizzard, proventriculus, spleen, bursa and thymus were obtained, 

blotted to dry and weighed to determine their relative weights. The 

organ weights were then expressed as  percentages of body weight. The 

relative organ weights were determined according to Prescott et al. 

(1982).                

 

 

                                              

3. Physiological parameters 

 At the end of each week, five birds of each group representing 

the average body weight were selected and were deprived from feed 

overnight before slaughtering. The chosen chicks were slaughtered by 

the Islamic method that is by gluttonizing the adjoining vessels 

between the first and second cervical vertebra without separating the 

head from the body. Blood sample from each bird was collected in two 

sterile siliconized tubes. One containing heparin as an anticoagulant in 

order to separate plasma and blood hemoglobin (Hb), hematocrite 

(PCV), red blood cells (RBC), white blood cells (WBC) counts were 

determined. A second blood sample from each bird was collected in a 

 
                                           organ weight  
Relative organ weight = ----------------------- × 100                               
                                           body weight   
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sterile dry clean centrifuged tube without anticoagulant, and then kept 

at room temperature for half an hour to allow clotting of blood. After 

which the clot was rotated gently away from the tube wall using a clean 

fine metal wire and then the tube was centrifuged at 1500 rpm for 10 

minutes. The clear serum was carefully withdrawn and transferred to 

dry sterile screw capped tubes (Eppindrof) and stored in a deep freezer 

(-20 ºC) for subsequent chemical and immunological analyses. 

 a. Hemoglobin concentration (Hb) 

Hemoglobin concentration (g / 100 ml blood) was determined 

by the spectrophotometer (Dacie and lewis, 1991). The 

spectrophotometer was set at zero using the blank tube and absorbence 

of the sample was measured at 540 nm against the standard. The Hb 

concentration was calculated using the following formula: 
 

                                         O.D of sample × Conc. of standard 

Hb (g / 100 ml blood) =    --------------------------------------------                   

                                             O.D of standard  

Where: 

O.D of sample = optical density of the sample 

O.D of standard = optical density of the standard 

Conc. of standard = concentration of the standard 

 b. Packed cell volume (PCV; Hematocrite value) percentage 

The packed cell volume or hematocrite value was determined by 

microhematocrite method of Dacie and lewis (1991). A model MB 

microcapillary centrifuge and a model CR micro capillary reader were 

used (Micro-Capillary Centrifuge, model M8, Internationl Equipement  
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Company, Boston. USA). Heparinized Blood samples were drawn into 

a micro hematocrite tube after sealed then centrifuged at 11500 rpm for 

three minutes.The percentage of packed red blood cells was recorded. 
  

c. Total red blood cell (RBC) counts 

Total RBC counts were counted using a hemocytometer. A 

heparinated blood sample was diluted 1: 100 with an isotonic solution, 

using a special diluting pipette (Natt and Herrick, 1952), and then 

shacked for one minute in order to obtain an equal cell distribution. The 

diluted sample was then put on the counting slide and covered with a 

cover slide. The magnification power used was 400X. By microscopic 

view, the RBC shown in 5 big squares (80 small squares) were counted 

by using a hand counter. The respective factors for the total 

erythrocytes are the number of cells counted times 5000.The numbers 

of RBC were calculated in mm3.    
  

d. Total white blood cell (WBC) counts                                                      

Leucocytes were counted using a hemocytometer (Natt and 

Herrick, 1952). Leucocyte were counted by adding 990 ul of Natt and 

Herrick’s solution to 10 ul of blood and allowed to stand for 1-2 

minutes. The blood samples, which are diluted 1:100, have been then 

shaken for one minute in order to obtain an equall cell distribution. All 

counts have been made by means of spancer “Bright-line 

“hemocytometer at a magnification of 440 X. The respective factors for 

the total leucocyte are the number of the cells counted times 1000. The 

numbers of WBC were calculated in mm3.    

 



 78

e. Blood serum proteins 

Blood serum protein testes contained total protein, albumin and 

globulin. 

1. Serum total proteins 

Serum total protein concentration was measured calorimetrically 

as described by Doumas et al. (1981).     
  
Serum total protein (g / dl) = 
 

Where Au and As are the absorbance values of sample and 

standard, respectively, and 10 is the concentration of standard (g / dl). 

2. Serum albumin 

Serum albumin was determined by a colourimetric method 

according to Doumas et al. (1971). 
 

Serum albumin (g / dl) =  
 

Where Au and As are the absorbance values of sample and 

standard, respectively, and 6 is the concentration of standard (g / dl). 

3. Serum globulin 

Serum globulin concentration was obtained by subtracting the 

obtained albumin value from the corresponding total protein value for 

each sample as described by Doumas and Biggs (1972). 

f. Liver functions 

Serum aspartate amino transferase SGOT (AST) and alanine 

amino transferase SGPT (ALT) activities were tested as indicators for 

the liver functions. They were estimated calorimetrically in blood 

 
Au                           
------ × 10               
As  

 
Au                           
------× 6                  
As  
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serum of the experimental birds according to the method of Reitman 

and Frankel (1957). 

 g. Kidney functions  

Serum levels of uric acid and creatinin were evaluated in this 

study as a sensitive indicator for the kidney functions. 

1. Serum uric acid concentration 

Uric acid was determined calorimetrically according to the 

method described by Trinder (1969). 

2. Serum creatinin concentaration 

Serum creatinin level was determined also calorimetrically 

based on the principal described by Hare (1950). 

h. Thyroid hormones 

Total thyroxin (T4) and triiodothyronin (T3) were measured in 

broiler serum by radioimmunoassay (RIA) techniques based on the 

methods described by Chopra (1972) and Larsen (1972) using kits 

purchased from gamma Trade Company (Siemens Medical Solution 

Diagnostics, Los Angelus, USA).  
 

4. Immunological parameters 

Evaluations of humoral immune response of the chicks in all 

experimental groups were as follows:- 
 

1. Determination of haemagglutination test (HA) against sheep 
red blood cells (SRBC)  

 

At 18 day of age, 5 birds from each group were chosen at 

random and housed in separated cages. Fresh sheep red blood cells 

(SRBC) were collected from sheep, centrifuged, washed four times 

with normal physiological saline and centrifuged at 3000 rpm before 
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use. The saline was discarded and SRBC sample were diluted with 

normal saline solution to form a concentrate of 5% SRBC that was used 

immediately for injection. Each bird was intravenously primary 

injected with 0.5 ml of 5 % SRBC suspension in the right or left 

brachial vein. Blood samples were collected from brachial vein of each 

bird after 3, 7 and 10 days post primary injection with SRBC to detect 

the primary antibodies titer. Blood was allowed to clot and then was 

centrifuged immediately to separate serum. Serum samples were stored 

under 4ºC until the antibody production against SRBC were determined 

by Haemagglutination test (HA) according to the method described by 

Wegman and Smithies (1966). 

Procedure 

1- Serum was inactivated by heating at 56 ºC for 30 minutes in a water 

path. 

2- A volume of 25 ul of .9 % saline was added to each of the 12 wells 

of the HA plate row. 

3- Avolume of 25 ul of serum was added to well 1 of each row. 

4- Serial dilutions of 25 ul were making using the mini-dilutor up to, 

and including well 11, well number 12 will be the control 

(contained saline). 

5- Avolume of 25 ul of 2 % SRBC was added to every well.      

6- The plates were covered, gently mixed and incubated at 37 ºC for 45 

minutes. 

7- The plate was reading and well number of the last well without 

coagulation was recorded, if the last number was 6 (for example), 

the HA = 7 titer Log 2. 
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2. Determination of haemagglutination inhibition (HI) test 
against   NewCastle disease virus (NDV)  

 

The titration of the haemagglutination activity (HA) of NDV 

antigen was an essential primary procedure in order to determine the 

number of HA units of the virus to be used in the haemagglutination 

inhibition test proper. Therefore, the following steps for HI test were 

followed according to Anon (1971).        

1. A volume of 50 ul of phosphate buffer saline (PBS) dispensed into 

the individual wells of one row in U-shaped bottom microtitre plate. 

2. Avolume of 50 ul of NDV (LaSota dissolved in 1ml phosphate 

buffer saline) was added only to the first well. 

3.  A serial double-fold dilution using micropipette fitted with clean 

and dry plastic teps in all wells except the last one, which served as 

negative control. 

4. A volume of 50 ul of 1% pre washed chicken RBC suspended in 

PBS were added to all wells. 

5. The virus-RBC mixture was allowed to stand at room temperature 

for 30 minutes. 

6. The haemagglutination pattern was detected of the highest dilution 

of the virus giving complete HA pattern (net formation). In the 

control well, RBC appeared as button-shaped sediment.   

Proper haemagglutination inhibition test 

At 21 days of age, 5 birds of each experimental group were 

chosen at random and housed in separated cages after vaccination with 

LaSota vaccine (clone 30) by eye droplets. Blood samples were 

collected from brachial vein of each chick after 3, 7 and 10 day after 
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vaccination. Blood was allowed to clot then centrifuged immediately to 

separate serum and serum samples were stored under 4 ºC until 

antibody against NDV were determined by Haemagglutination 

Inhibition test (HI) according to Majiyagbe and Hitchner (1977). 

Haemagglutination Inhibition (HI) test was performed to determine the 

immunity status of chicks to NDV as follows: 

1. Avolume of 25 ul phosphate buffer saline (PBS) was put into each of 

12 wells of microtiter plate. 

2. The tested serum sample (25 ul) was added to the first well and then 

transferred serially to the next 10 wells by a doubling - dilution 

technique. 

3. A volume of 25 ul of pre-determined 4 HA units of NDV (prepared 

in phosphate buffer saline) were added to each of 11wells. 

4. The serum-virus was allowed to stand at room temperature for 30 

minutes to permit for antigen antibody interaction. 

5. A volume of 50 ul of 1 % pre - washed chicken RBC suspension 

was added to each of 12 wells. 

6. The whole mixture of the wells was then properly mixed and finally 

incubated at room temperature for 30 minutes. 

7. The virus-antibody titer was determined as the reciprocal of the 

highest dilution of the tested serum that gave complete inhibition of 

virus HA (button like pattern).  

Antibody titers were obtained by transforming the values of the 

last dilutions which produced total inhibition of hemagglutination and 

were expressed as the logarithm to the base 2. 
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5. Histological sections 

At the end of 5 weeks of the experimental period, ten birds of 

each group were weighed, slaughtered and dissected. The internal 

organs were obtained with special care from the birds. Kidney, liver 

and bursa of Fabricius were kept for histological studies.  Specimens of 

those organs 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 um sections. Sections were routinely 

stained with Harris hematoxyline and eosin (H and E) method, and 

examined for histopathological changes. Histological sections were 

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

6. Statistical analyses 

Data obtained in this study were analyzed by the general linear 

model procedure (GLM) under statistical analysis system (SAS, 2001). 

One –way analysis of variance model was fitted to data and the 

significant level was set as 5%.   

yij = u + Ti + Eij 

Where 

yij: Trait performance measured on the Jth broiler in the ith treatment. 

u: Overall mean.  

Ti: Effect of the ith treatment (i = 1 - 8). 

Eij: Random error effect.  

Significant differences among means were separated using the 

Duncan Multiple Range Test (Duncan, 1955).  
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RESULTS AND DISCUSSION 
 

 

1. Effect of Ochratoxin A on Productive Performance:- 

a. Body weight 

Results in Table (7) shows that body weight was decreased 

significantly in OA- treated group (OA group) when compared to all 

experimental groups. The adverse effect of OA was observed 

progressively from week 1 onwards.  

The decrease in body weight due to ochratoxicosis in the present 

study was in agreement with several previous investigations using  

dietary OA inclusion rates of 50 -100 ppb (Stoev et al.,2004; El-

Barkouky, 2008 and El-Barkouky and Abu-Taleb, 2008), 200ppb 

(Sakhare et al., 2007 and El-Barkouky et al., 2010), 567 ppb (Garcia et 

al., 2003), 0.5 to 2 ppm (Raju and Devegowda, 2000; Santin et al., 

2001a, 2002a and 2006; Hatab, 2003; Kumar et al., 2003; Watts et 

al.,2003; ELaroussii et al., 2006 and Hanif et al., 2008), 1 to 4 ppm 

(Gentles et al., 1999; Verma et al., 2004 and Koynarski et al., 2007), 5 

ppm (Stoev et al., 2002b) and up to 8 ppm (Huff et al., 1988). 

Previous results in the literature suggested that the loss in body 

weight during ochratoxicosis was not due to a direct effect of OA, but 

rather to the reduced feed intake that led to a decreased total serum 

proteins or hypoproteinaemia (Prior et al., 1980 and 1981).  

Ochratoxin A inhibits specifically and competitively the activity 

of phenylalanin-tRNA synthetase, an enzyme involved in the initial 

step of protein synthesis. The inhibition of this enzyme is due to the 

recognition of the L-phenylalanine moiety of OA, suggesting that the
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                 Table 7.  Effects of OA, Sc and vit.C supplementation on body weights (g) of broiler chicks 
     

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

 
   * Values are means ± SE 

                         a,b,c,d,e …Means in the same column with different superscripts are significantly different (P ≤ 0.05) 
 

               Weeks        
Trait 3 day Week 1 Week 2 Week 3 Week 4 Week 5 

Control 60.5435a 
± 0.45 

179.804bc 
± 2.66 

453.39abc 
±7.35 

836.35bc 
± 10.05 

1352.94bc 
± 17.81 

1880.27b 
± 25.22 

Sc 60.4348a 
± 0.49 

188.696a 
± 2.37 

468.12ab 
± 6.09 

872.18a 
± 9.44 

1406.16a 
± 17.61 

1952.38a 
± 20.35 

Vit.C 60.5000a 
± 0.40 

180.239bc 
± 2.74 

449.79bc 
± 6.80 

841.36b 
± 10.15 

1360.19b 
± 18.39 

1874.24b 
± 23.11 

Sc + Vit.C 60.6522a 
± 0.52 

184.870ab 
± 2.65 

471.85a 
±7.40 

885.8a 
± 9.92 

1415.03a 
± 16.98 

1966.77a 
± 20.13 

OA 60.6957a 
± 0.51 

170.348d 
± 2.98 

391.19e 
±7.94 

698.43e 
± 12.66 

1069.21e 
± 13.78 

1401.91d 
± 17.06 

OA + Sc 60.5870a 
± 0.46 

176.891bcd 
± 2.75 

439.80c 
± 6.96 

809.07c 
± 10.45 

1308.42c 
± 15.62 

1758.60c 
± 23.79 

OA + Vit.C 60.6304a 
± 0.57 

172.848cd 
± 2.56 

418.40d 
±7.59 

750.24d 
± 11.19 

1122.20d 
± 14.33 

1457.71d 
± 19.83 

OA + Sc + Vit.C 60.6087a 
± 0.53 

178.370bc 
± 2.39 

443.91c 
±7.85 

820.82bc 
± 10.96 

1315.87bc 
± 16.03 

1769.58c 
± 23.66 
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inhibition of protein synthesis is a primary cause of the acute toxicity of 

OA. Moreover, ochratoxin A interferes with DNA, RNA and protein 

synthesis and affects carbohydrate metabolism, particularly 

glucogenolysis. The effects on protein synthesis are presumably due to 

an effect by the phenylalanine moiety of the toxin (Marquardt and 

Frohlich, 1992). In this respect, Huff et al. (1980) reported that OA had 

a deleterious effect on bone properties. The breaking strength and 

diameter of bones decreased, while flexibility of the bones was 

increased and developed generalized skeletal osteopenia, producing 

growth retardation in broiler chickens exposured to OA toxicity.  

The present findings also agree with Hatab et al. (2003) and 

Elaroussi et al. (2006), who attributed the decrease in body weight of 

OA – fed broilers to decrease in serum T4 and the increase in serum T3. 

Supplemented OA-treated group in the present study with Sc 

either alone (OA+ Sc group) or in combination with vit.C (OA + Sc + 

vit.C) significantly alleviated (P < 0.05) the adverse effects of OA on 

body weight as compared with OA-fed birds alone. At the same time, 

inclusion of Sc alone and in combination with vit.C to the OA-free diet 

recorded a significantly higher body weight when compared with 

control and with all experimental groups. 

Elbarkouky (2008) and Elbarkouky et al. (2010) found that 

supplementation of broiler diets with Sc improved the performance 

parameters affected by OA. They indicated that addition of Sc to broiler 

diets providing the partial protection against the toxic effects of OA. 

Similar results were obtained by Stanley et al. (1993); Newman 

(1994); Mahesh and Devegowda (1996) and Volkl and Karlovsky 
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(1998). They found that a live yeast Sc have beneficial effects on 

weight gain in broilers exposed to mycotoxins. Saccharomyces 

cerevisiae ameliorated the mycotoxin effects by the adsorption of toxin 

for the cell wall of Sc, with elimination of this toxic agent to the feces 

in intestinal tract. These beneficial effects have been attributed to 

esterified glucomannan (EG), derived from cell wall of Sc. 

Furthermore, Sc produce biological enzymes that interact with the 

mycotoxin molecules, providing a source of vitamins, enzymes and 

growth protein.  

In this regard, Shane (1999) has shown that modified and 

esterified glucomannan compounds from the cell wall of Sc have a high 

affinity for the mycotoxins within the intestinal tract. Addition of 

glucomannan compounds to poultry diets has improved growth rate in 

the presence of mycotoxin contamination. Furthermore, the beneficial 

effects of Sc  have been also attributed to mannan in the cell wall of Sc. 

Mannan was then extracted and esterified with glucan, esterified 

glucomannan (EG) showing considerably high binding ability (80–

97%) with mycotoxins (Diaz et al., 2002).  

According to Swamy et al. (2002), adsorbent consisting of 

esterified glucomannan (EG) has been effective in ameliorating the 

toxic effects of multiple mycotoxins present in naturally contaminated 

feed. They hypothesized that the mycotoxins are trapped in the 

glucomannan matrix preventing its absorption from the intestine. Also, 

Dietary supplementation with esterified glucomannan is effective in 

counteracting the toxic effects of naturally contaminated feed with OA 

on performance of broilers (Aravind et al., 2003). 
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The results obtained from the present study also showed that 

addition Sc to the OA-free diet recorded a significantly higher body 

weight when compared with the control and with all experimental 

groups. These results are in agreement with the previous results of  

Raju and Devegowda (2000), who found that single addition of mannan 

oligosaccharide into the diet without toxins showed additional 

improvements in broiler performance, organ weight, serum 

biochemistry and heamatology. Moreover, Santin et al. (2001b) 

showed that the cell wall of Sc improved the intestinal mucosa aspects, 

which is suggested its explanes for the improvement in performance of 

broilers supplemented with Sc.  

In this respect, additions of Sc to an mycotoxins-free diet 

provided significant improvements in all performance measurements of 

birds and did not produce any negative changes (Oguz and Parlat, 

2004; Yildiz, et al., 2004 and Elbarkouky et al., 2010). 

In respect to vit.C, data presented in Table (7) show that 

addition of vit.C alone to OA – fed birds (OA+ vit.C group) resulted in 

non - significant increase in body weight as compared with  OA-fed 

birds (OA group). Vit.C alone may be counteracting the toxic effects of 

OA on body weight but to a very lesser extent when compared with Sc 

and Sc + vit.C groups. On the other hand, addition of vit.C alone to the 

OA-free diet did not show any significant differences in body weight 

than the control.  

Elbarkouky et al. (2010) found that addition of vit.C at 300 mg / 

kg diet did not prevent the negative effects of OA at 200ppb on body 

weight and other performance measurements of broilers. Furthermore, 
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Hoehler and Marquardt (1996) suggested that lipid peroxides are 

formed in vivo by OA and that these effects cannot be partially 

counteracted by vitamin C. 

The present results obtained in this study on the effects of 

supplemented broiler diets with vit.C to counteract the toxic effects of 

OA on body weight are contradicted with the results obtained by 

Haazele et al. (1993), who reported that vit.C supplementation partially 

reduced OA toxicity. In addition, Marquardt and Frohlich (1992) 

reported that free-radical scavenging compounds such as vit.C have 

been shown to greatly reduce the toxicity of OA. Atroshi et al. (2000, 

2002) proved that vit.C in combination with other antioxidants such as 

vitamin E, Zn, Mg and selenium, can exert some inhibition of apoptosis 

caused by OA at 2.5 ppm in liver. Present results also came in 

contradictions with those obtained by Galvano et al. (2001) and Schaaf 

et al. (2002), who found that several natural components of the diet, a-

tocopherol, and vit.C, show antioxidant properties and may counteract 

mycotoxin cytotoxicity by blocking mycotoxin-induced free radical 

damage. Moreover, Elbarkouky and Abu-Taleb (2008) reported that 

supplementation of broiler diets with vit. C improved the all parameters 

affected by OA. 

b. Feed consumption (FC) and feed conversion ratio (FCR) 

Results presented in Table (8) show the effects of dietary 

supplementation on FC and FCR in male broiler chicks 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 OA - 

diets contamination. The trend was clearly observed in OA group 
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throughout the experimental period from the first week till the end of 

the experiment when compared with other experimental groups, except 

OA+ vit.C group.  

Supplementing broiler diets with Sc alone or combined with vit. 

C showed improvement in FC of broilers fed with or without OA-

contaminated diets. Addition of Sc or Sc + vit.C in broiler fed OA- free 

diets resulted in more feed consumption than the control. While 

addition vit.C alone did not show any improvement in FC of broilers 

fed basal diets contaminated or not contaminated with OA.  

Concerning FCR, the results of the present investigation (Table, 

8) show that the quantity of feed required per unit of weight was 

increased in OA group as compared with all experimental groups 

except OA+ vit.C group. The FCR was 1.866 for OA group compared 

with 1.68, 1.65, 1.67, and 1.64 for the control, Sc, vit.C and Sc+ vit.C 

groups, respectively. In addition, supplementing broiler diets with Sc 

alone or in combination with vit.C to broiler diets showed improvement 

in FCR of birds fed with or without OA-contaminated ration. On the 

other hand, addition of vit.C alone did not show any improvement in 

FCR of broilers fed basal diets contaminated or not contaminated with 

OA. 

Moreover, in addition to reduced feed consumption and poor 

feed conversion ratio in OA-treated group birds, these birds showed a 

symptom of listlessness, emaciation, huddling, anorexia and prostration 

that led to death as shown in Figure (3 and 4). 

The reduction in FC and worse FCR in broiler chicks consuming 

OA in their diet observed in the current study are supported and in 
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Table 8. Effects of OA, Sc and vit.C supplementation on feed consumption (FC) and feed conversion ratio  
               (FCR) of broiler chicks 
 

Feed consumption (FC) (g / chick) Feed conversion ratio (g feed / g body weight) 

Age (week) Age (week) 

        
         
 
Treatments 

1 2 3 4 5 1 2 3 4 5 

Control 161.84 376.88 614.60 890.69 1114.29 0.900 1.188 1.379 1.511 1.680 
 

Sc 169.34 378.83 625.77 909.18 1136.26 0.897 1.171 1.346 1.481 1.649 

Vit.C 163.57 372.10 617.99 897.00 1085.25 0.908 1.195 1.371 1.508 1.673 

Sc + Vit.C 165.46 386.18 637.91 902.71 1129.54 0.895 1.169 1.343 1.476 1.638 

OA 159.22 314.19 525.37 716.25 900.41 0.935 1.210 1.430 1.604 1.866 

OA + Sc 161.29 366.09 598.35 878.30 1023.21 0.912 1.199 1.391 1.532 1.721 

OA + Vit.C 160.58 342.44 565.07 724.53 910.93 0.929 1.202 1.424 1.597 1.855 

OA + Sc + Vit.C 162.33 369.11 608.29 871.19 1025.68 0.905 1.197 1.385 1.528 1.716 
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agreement with those reported by Prior et al. (1980 and 1981), who 

found that OA caused lower FC in both broiler chicks and laying hens. 

Furthermore, Burditt et al. (1984) pointed out that OA was one of the 

possible causes in poultry farms acting as feed refusal factors. They 

recorded a case of feed refusal during OA in turkeys. In this respect, 

Hamilton et al. (1982), Huff and Ruff (1982), Golinski et al. (1983), 

Kubena et al. (1983, 1985, 1986, 1988 and 1989) and Raina et al. 

(1991) showed that broiler chicks receiving OA in the diets showed 

poor FCR and reduced FC. The FC and FCR were altered in a manner 

consistent with OA level.  

 
 

 

Fig. 3. Broiler chicks of OA group at 37 days of age, showed listlessness,     
              huddling and emaciation. 
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Fig. 4. Show prostration of broiler as results of OA . 

The current results also are in agreement with those of Effat 

(1989), Gibson et al. (1989), El-Karim et al. (1991) and Elkady (1993), 

who found that the FCR was increased in the OA-fed birds and this 

increment may be due to impaired protein metabolism. 

In addition, feed intake was decreased significantly by 21 % and 

feed: gain ratio increased by 17 % in male Leghorn chicks fed dietary 

OA-supplementation for 14 days from hatch than that of chicks 

received OA-free diets (Hoehler and Marquardt, 1996). Current results 

also revealed that feed consumption were decreased by 20% and feed 

conversion ratio was increased by 11% in male broiler chicks fed OA- 

supplemented ration. Garcia et al. (2003), Kumar et al. (2003) and 

Verma et al. (2004) reported that OA adversely affect the productive 

performance of broilers. A significant depression in FC and poorer 

FCR were recorded in broilers fed a contaminated diet with OA as 

compared with controls. In this respect, Hatab (2003) and Elaroussi et 
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al. (2006) attributed the decreased FC, increased FCR as results to the 

decreased serum T4, and increased serum T3 levels provoked by OA.  

Watts et al. (2003), Santin et al. (2006), Koynarski et al. (2007), 

Denli et al. (2008), Hanif et al.  (2008) and Sawale et al. (2009) found 

that dietary inclusion of OA adversely affected both FC and FCR. 

Sakhare et al. (2007) reported that feed conversion ratio was  

significantly reduced in broiler chicks fed OA-supplemented diet at 

level of 200 ppb from one-day old to 6 week of age. Furthermore, 

according to several studies by El-Barkouky (2008), El-Barkouky and 

Abu-Taleb (2008) and El-Barkouky et al. (2010), FC and FCR were 

significantly altered in broilers fed OA-contaminated diets  at a 

concentration ranging from 50 -200 ppb. On the other hand, Huff and 

Doerr (1981) found that OA had no adverse effect on FCR in broiler 

chicks fed OA-contaminated diets for 3 weeks from hatching.  

Regarding to the clinical signs recorded in the current study, 

which included a progressive symptom of listlessness, emaciation, 

huddling, occasional diarrhea and prostration that led to death are 

consistent with reports of Dwivedi and Burns (1985), Niemiec et al. 

(1991), Elkady (1993), Hatab (2003) and Elaroussi et al. (2006). 

Regardless the contamination with OA or vit.C supplementation, 

the present study revealed that addition of Sc to broiler diets improved 

FC and FCR. In this respect, Devegowda (1997), 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 effect of Sc 
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in counteracted the toxic effects of mycotoxins may be attributed to 

mycotoxin adsorption ability, blocking colonization of pathogens in the 

gastrointestinal tract, and its inhibitory effect on liver antioxidant 

depletion. 

Results of Raju and Devegowda (2000) revealed a significant 

amelioration in OA-dependent detrimental effects in broilers as results 

of the addition of esterified-glucomannan to broiler-contaminated diets. 

Esterified glucomannan polymer extracted from the yeast cell wall was 

shown to bind several mycotoxins that were found individually and 

combined in broiler feeds. The single addition of mannan 

oligosaccharide into the diet without toxins showed additional 

improvements on broiler performance.  

Furthermore, several researcjers, Parlat et al. (2001), Yildirim 

and Parlat (2003), Oguz and Parlat (2004), Yildiz et al. (2004) and 

Khalil (2008) found that incorporated live yeast or yeast component 

MOS into the diet of growing Japanese quail contaminated with 

mycotoxins ameliorated the deleterious effects of mycotoxins on FC 

and FCR from the first week. 

The cell wall of yeast normally constituted of mannan 

oligosaccharides, and the use of this substance has improved feed 

consumption and feed conversion of birds in some reports independent 

of mycotoxins in diet (Savage and Zakrzewska, 1997; Aravind et al., 

2003 and Fritts and Waldroup, 2003). Moreover, the study of Santin    

et al. (2001a and 2003) showed a significant improvment in FCR of 

broilers fed the diet with Sc (20%) and cell wall of Sc (CWSC) (0.1%) 

either exposed or not exposed to mycotoxins. They suggested that Sc 
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and CWSC improved the intestinal mucosa aspects (increasing the 

villus height in intestinal mucosa) and that it might explans the 

improvement in performance of broilers. In this respect, feeding the 

contaminated diet with OA at dietary level of 8.4 µg /kg to broiler 

chicks resulted in a significant reduction in feed intake (7.11%) and 

poor feed efficiency (2.3%) as confirmed by the current study. Further, 

supplementation of EG to the contaminated diet effectively improved 

feed intake (5.06%) and feed efficiency (3.25%). Chickens fed control 

diet with EG performed significantly better FCR (3.48%) than those on 

the basal diet alone (Aravind et al., 2003). 

Esterified glucomannan (EG) showed considerably high binding 

ability (80–97%) with mycotoxins (Diaz et al., 2002). In addition, 

Swamy et al. (2002) reported that an adsorbent consisting of esterified 

glucomannan (EG) has been effective in ameliorating the toxic effects 

of multiple mycotoxins present in naturally contaminated feed. They 

hypothesized that the mycotoxins are trapped in the glucomannan 

matrix preventing its absorption from the intestine.  

Yiannikouris et al. (2003) and Caridi (2007) reported that Sc 

strains are able to adsorb mycotoxins, thus limiting their 

gastrointestinal bioavailability and suggested that yeast mannoprotein 

is an important element in OA removal assay. This product has 

advantage over other binding agents in that it does not bind vitamins or 

minerals (Lawlor and Lynch, 2005). In this respect, Schatzmayr et al. 

(2004) revealed that the negative influence of high doses of OA on the 

performance of broilers could be neutralized by addition of stabilized 

Trichosporon spp. yeast cells. The final weight of the group receiving 1 
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ppm OA and yeast Trichosporon spp (105 CFU per gram feed) was on 

average of 61 grams higher than the positive control group (1ppm OA 

without additive of yeast Trichosporon spp). 

Santin et al. (2006) reported that yeast cell wall improved FCR 

when either the birds were fed contaminated or noncontaminated feeds 

with OA at level of 250 or 500 ppb. In addition, supplementation of 

broiler diets with active dried yeast Sc at 3 g per kg of feed improved 

FC and FCR, which were reduced at a dose of 50 - 200 ppb OA in the 

diets (Elbarkouky, 2008 and Elbarkouky et al., 2010). 

Present results revealed that addition of vit.C did not show any 

improvement in FC or FCR of broilers fed basal diets contaminated or 

not contaminated with OA (vit.C and OA + vit.C group, respectively). 

These results agreed with those obtained by Hoehler and Marquardt 

(1996), who suggested that the effects of OA cannot be partially 

counteracted by vit.C. Furthermore, contamination of broiler diets with 

200 ppb OA caused a significant reduction in FC and worse FCR, and 

the addition of vit.C at 300 mg / kg diet did not prevent the negative 

effects of OA on performance of broilers (Elbarkouky et al., 2010). 
 

However, Haazele et al. (1993) obtained contradicted results, 

where vit.C supplementation to the diet at 300 mg / kg diet partially 

counteract the negative effects of OA at 1.7 and 3 ppm on feed intake 

of laying hens. Bendich et al. (1986) reported that vit.C is the most 

efficient vitamin for inhibiting OA genotoxicity. In addition, Marquardt 

and Frohlich (1992) reported that free radical scavenging compounds 

such as vit.C have been shown to greatly reduce the toxicity of OA.   
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c. Mortality  
 

Data presented in Table (9) shows that birds received 

supplemented diet with OA only recorded the highest mortality as 

compared to the other groups. At the first week of experiment, 

mortality was similar in all treated groups, thereafter mortality was 

increase in OA or OA + vit.C groups as compared with the rest of 

groups. 

Supplementing broiler diets with Sc either alone or in 

combination with vit.C in presence of OA alleviate the adverse effect 

of OA on broiler mortality. Cumulative mortality was 14.1, 3.85 and 0 

% for OA, OA + Sc and OA+ Sc + vit.C groups, respectively.  At the 

same time, addition of Sc with or without vit.C in absence of OA did 

not result in negative changes and no mortality was recorded as 

compared with the control. On the other hand, vit.C supplementation 

during ochratoxicosis (OA+ vit.C) might has prevented the toxic effects 

of OA on mortality by about 50 % (14.1 and 7.23 % for OA and OA+ 

vit.C, respectively). 

The increase in mortality in broilers fed OA-supplemented diet 

has been documented. Maning and Wyatt (1984) studied the effect of   

3 µg per gm of diet of OA in different chemical forms. All chemical 

forms of OA caused significant increases in the cumulative mortality 

that ranged from 10 to 17 % as compared with controls. In addition, 

Gibson et al. (1989) indicated that contamination of broiler diets with 

OA at 2 and 4 ppm caused significant increases in mortality and 

reached to 21.9 % compared with 2.5% for the controls.  
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Table 9. Effects of OA, Sc and vit.C supplementation on mortality and cumulative mortality of broiler chicks 
 

Mortality  Cumulative mortality 

Age (week) Age (week) 

        
         
 
Treatments 

1 2 3 4 5 1 2 3 4 5 

Control 0.00 
(0/46) 

0.00 
(0/41) 

0.00 
(0/36) 

0.00 
(0/31) 

0.00 
(0/26) 0.00 0.00 0.00 0.00 0.00 

 

Sc 
0.00 

(0/46) 
0.00 

(0/41) 
0.00 

(0/36) 
0.00 

(0/31) 
0.00 

(0/26) 0.00 0.00 0.00 0.00 0.00 

Vit.C 0.00 
(0/46) 

0.00 
(0/41) 

0.00 
(0/36) 

0.00 
(0/31) 

3.85 
(1/26) 0.00 0.00 0.00 0.00 3.85 

Sc + Vit.C 0.00 
(0/46) 

0.00 
(0/41) 

0.00 
(0/36) 

0.00 
(0/31) 

0.00 
(0/26) 0.00 0.00 0.00 0.00 0.00 

OA 0.00 
(0/46) 

2.44 
(1/41) 

0.00 
(0/35) 

3.33 
(1/30) 

8.33 
(2/24) 0.00 2.44 2.44 5.77 14.10 

OA + Sc 0.00 
(0/46) 

0.00 
(0/41) 

0.00 
(0/36) 

0.00 
(0/31) 

3.85 
(1/26) 0.00 0.00 0.00 0.00 3.85 

OA + Vit.C 0.00 
(0/46) 

0.00 
(0/41) 

0.00 
(0/36) 

3.23 
(1/31) 

4 
(1/25) 0.00 0.00 0.00 3.23 7.23 

OA + Sc + Vit.C 0.00 
(0/46) 

0.00 
(0/41) 

0.00 
(0/36) 

0.00 
(0/31) 

0.00 
(0/26) 0.00 0.00 0.00 0.00 0.00 
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Furthermore, Niemiec and Scholtyssek (1989) and Niemiec et 

al. (1991) reported that OA caused high mortality that reached to 22.2 

% when broiler chicks was fed  a diet contaminated  with 1.5 µg OA / g 

for 5 weeks of age. Kumar et al. (2003) also reported a mortality of 

14.3% in chicks infected with Escherichia coli but fed no OA, and an 

increase to 35.7% mortality in E. coli -infected chicks fed 2 ppm OA. 

Also, Hatab (2003) and Elaroussi et al. (2006) reported that mortality 

reach about 5.23 and 12.98 % in broiler chicks fed supplemented diets 

with OA at levels of 400 and 800 ppb respectively compared with 1.25 

% for the control.  

Moreover, Huff and Doerr (1981) showed that the 

supplementation of OA at 2µg / g diet to broiler ration from hatching 

until 3 weeks of age increased mortality. Also, numerical increase in 

mortality (6 / 20) was noticed in the broiler chicks fed contaminated 

diet with 3 mg OA / kg diet for the first 26 days of age (Kubena et al., 

1983). In another report, Kubena et al. (1989) found that male broiler 

chicks raised on OA supplemented diet at 2 mg / kg feed from 1 day to 

3 weeks of age had higher mortality of 10 %. 

El-Barkouky and Abu-Taleb (2008) reported that contamination 

of broiler diet with OA at dietary concentration of 50-100 ppb resulted 

in a significant increase in mortality rate of broilers. The effects of OA 

were dose – dependent. Furthermore, broiler chicks received a diet 

supplemented with OA 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 present study (Table 9) revealed that the Sc 
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supplementation either alone or in combination with vit.C to broiler 

chicks fed OA- contaminated diets alleviate the adverse effect of OA 

on broiler mortality. These results are in a harmony with the reported 

results of Stanley et al. (1993), who explained that Sc produce 

biological enzymes interact with the mycotoxin molecules. Sc is  

known to alter stress in animals by providing a source of vitamins, 

enzymes and growth protein to reduce stress  

Shane (1999) found that addition of glucomannan compounds 

from the cell wall of Sc to poultry diets has improved survival rates in 

the presence of mycotoxin contamination. Glucomannan compounds 

extracted from Sc reduced the immunosuppressive effect of the 

mycotoxins and stimulated the immune response.  

In this respect, the recent results of Elbarkouky (2008) and 

Elbarkouky et al. (2010) reported that broiler chicks fed a contaminated 

ration with OA 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 providied a partial protection against the toxic effects of 

OA. 

Bendich et al. (1986) reported that vit.C is the most efficient 

vitamin for inhibiting OA genotoxicity. They observed a reduction of 

about 90% of OA in liver and kidney by vit.C. Furthermore, free-

radical scavenging compounds such as vit.C have been shown to 

greatly reduce the toxicity of OA (Marquardt and Frohlich, 1992).  

Atroshi et al. (2000 and 2002) proved that vit.C in combination 

with other antioxidants such as vitamin E, Zn, Mg and selenium, can 

exert some inhibition of apoptosis caused by OA at 2.5 ppm in liver. 
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These properties are probably due to the ability of antioxidants to act as 

superoxide anion scavengers, thereby protecting cell membrane from 

the mycotoxin-induced damage. The same explaination was also 

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 OA at dietary levels of 50-200 ppb in broiler diets caused a 

significant increase in mortality. Supplementing broiler diets with vit.C 

at 300 mg / kg alleviated the negative effects of OA on broiler 

mortality, where vit. C contribute to prevent the toxic effects of OA on 

mortality by about 50%  
 

2.  Effect of Ochratoxin A on relative organ weights 

The effects of OA supplementation at 200ppb (µg / kg) on the 

relative organ weights of broiler chicks were differed from organ to 

another where; some organs were increased while the others were 

regressed. Changes in organs weight associated with dietary OA are an 

important aspect of the total physiological events occurs during OA 

toxicosis.  

a. Relative kidney and liver weights 

Table (10) presents the changes in the relative weight of the two 

important representative internal organs chosen, kidney and liver 

because they are sensitive in their response to OA dietary 

contamination (Elaroussi   et al., 2008). 

OA is known to be primarily nephrotoxin in all poultry species 

(Fink-Gremmels et al., 1995). At the same time, liver is the principle 

detoxification organ in the body; it was found also in this investigation 
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  Table 10. Effects of OA, Sc and Vit.C supplementation on relative kidney and liver weights of broiler chicks 
 

Relative kidney weight (g /100g) Relative  liver weight (g /100g) 

Age (week) Age (week) 

        
         
 
Treatments 1 2 3 4 5 1 2 3 4 5 

Control 
* 0.725a 
± 0.032 

0.695b 
± 0.038 

0.667cd 
± 0.034 

0.617bcd 
± 0.032 

0.621bc 
± 0.035 

*3.855a 
± 0.197 

3.253ab 
± 0.159 

2.555c 
± 0.121 

2.311d 
± 0.115 

2.466cd 
± 0.160 

 

Sc 0.750a 
± 0.039 

0.711ab 
± 0.035 

0.633d 
± 0.032 

0.585d 
± 0.029 

0.588c 
± 0.033 

3.974a 
± 0.227 

3.042b 
± 0.110 

2.631c 
± 0.140 

2.396d 
± 0.101 

2.322d 
± 0.133 

Vit.C 0.717a 
± 0.051 

0.704ab 
± 0.039 

0.678cd 
± 0.031 

0.632bcd 
± 0.035 

0.597c 
± 0.038 

4.022a 
± 0.195 

3.222ab 
± 0.10 

2.726bc 
± 0.175 

2.517bcd 
± 0.129 

2.404cd 
± 0.144 

Sc + Vit.C 0.734a 
± 0.031 

0.682b 
± 0.042 

0.696cd 
± 0.034 

0.608cd 
± 0.028 

0.581c 
± 0.029 

3.907a 

± 0.187 
3.101ab 
± 0.117 

2.448c 
± 0.190 

2.419cd 
± 0.162 

2.244d 
± 0.122 

OA 0.801a 
± 0.042 

0.827a 
± 0.04 

0.853a 
± 0.032 

0.842a 
± 0.027 

0.829a 
± 0.027 

3.948a 
± 0.299 

3.562a 
± 0.157 

3.364a 
± 0.222 

3.424a 
± 0.111 

3.652a 
± 0.137 

OA + Sc 0.769a 
± 0.037 

0.738ab 
± 0.032 

0.746bc 
± 0.038 

0.709b 
± 0.034 

0.699b 
± 0.036 

4.122a 
± 0.221 

3.411ab 
± 0.161 

2.912abc 
± 0.146 

2.811bc 
± 0.159 

3.094b 
± 0.196 

OA + Vit.C 0.786a 
± 0.044 

0.772ab 
± 0.045 

0.819ab 
± 0.041 

0.826a 
± 0.029 

0.805a 
± 0.031 

4.00a 
± 0.269 

3.504a 
± 0.128 

3.199ab 
± 0.194 

3.365a 
± 0.118 

3.602a 
± 0.160 

OA + Sc + Vit.C 0.763a 
± 0.049 

0.744ab 
± 0.04 

0.728bcd 
± 0.031 

0.688bc 
± 0.032 

0.702b 
± 0.036 

3.892a 
± 0.249 

3.395ab 
± 0.174 

2.851abc 
± 0.133 

2.913b 
± 0.146 

2.860bc 
± 0.150 

       

 * Values are means ± SE 

  a,b,c,d Means in the same column with different superscripts are significantly different (P ≤ 0.05) 
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that OA caused detrimental effects in broiler liver, which lead to the 

conclusion that OA had also hepatotoxic properties.   

The nephro and hepatotoxic properties of OA was manifested   

in the present study by a significant increase in the relative kidney and 

liver weights of OA group as compared with most groups after the first 

week of age.  

Dietary supplementation with Sc or vit.C alone or in 

combination to broiler chicks fed OA-free diet did not produce any 

significant changes in the relative kidney and liver weights than control 

birds. On the other hand, addition of Sc alone or in combination with 

vit.C to OA- treated groups improved significantly the adverse effects 

of the toxin on relative kidney and liver weights, while addition of vit. 

C alone to OA-treated birds did not show any significant alteration or 

improvement in the relative kidney and liver weights when compared 

to OA group.  

The current results are in agreement with those of Huff et al. 

(1974 and 1975), who reported that the most sensitive indicators of 

ochratoxicosis in broiler chicks were the reduction in growth rate and 

enlargement in kidney, which occurred at lower doses. They reported 

that the relative weights of kidney and liver were increased 

significantly in broilers fed OA-supplemented diets. Kidney and its 

associated excretory function would appear to be a primary site of 

action of OA based on the enlargement and paleness of this organ than 

the normal kidney at very low doses. The liver was also pale, friable 

and enlarged. They suggested that the kidney enlargement could be the 

result of oedema and general increase in the protoplasm. The 
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enlargement in the liver and kidney in OA groups is probably due to 

the fact that these organs are involved in detoxification and elimination 

of OA. OA is known to have a direct toxic action (Stoev et al., 2000), 

and high level of accumulation in these two organs (Biro et al., 2002).  

The present results also agree with prior observation of acute 

ochratoxicosis on relative  kidney and liver weights in broiler chicks     

(Kubena et al., 1988 and 1989; Niemiec and Scholtyssek, 1989; Huff et 

al., 1988 and 1992; Gibson, 1989; Sreemannarayana et al., 1989; 

Elkady, 1993 and Elissalde et al.,1994). They concluded that an 

increase in the relative kidney weight, serum uric acid and creatinin 

level indicate impaired renal function. Also, the increase in the relative 

weight of liver and the increase in serum triglyceride levels might be 

associated with an impaired lipid metabolism which results primarily 

from an impaired lipid transport. 

In this respect, broiler chicks fed contaminated diet with 3 µg / g 

purified OA in different forms (K salt, Na salt or organic form) for 4 

weeks from hatch showed significant increases in both kidney and liver 

relative weights (Manning and Wyatt, 1984). Also, broiler chicks fed a 

contaminated diets with OA throughout the first 20 days of age, 

showed a significant enlargement of the liver and kidney (Dwivedi and 

Burns, 1984a).  

Glahn et al. (1988) proved that OA causes acute diuretic effects 

that resulted in the increase in the urine flow rate, urine flow rate to 

GFR (glomerular filtration rate) and free water clearance. Gradual 

enlargements of the kidney and liver were observed at 10 days post 

feeding of 0.5 ppm OA onwards when compared with the chicks fed on 
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OA-free diet. The kidney lesions were more pronounced than the liver 

lesions (Sandhu et al., 1995). Moreover, the significant increased in 

relative kidney weight in broiler chicks during ochratoxicosis was 

reported by Gentles  et al. (1999), the deleterious effect observed in 

kidneys of OA- treated birds is assumed to be the result of OA 

nephrotoxicity. Santin et al. (2002 a and b) added OA at concentrations 

of  2 mg / kg diet of broiler chicks for 6 weeks and found a significant 

increase in the kidney and liver weights than those of the control birds.  

Stove et al. (2000, 2002 a, b and 2004) suggested that the 

increase in relative weights of kidney and liver are likely to be due to 

the enlargements of the epithelium of these organs as a result of their 

regenerative activity. The enlargement and degenerative changes of the 

epithelial cells of the liver and kidney probably are due to the route of 

elimination of OA via the kidney and liver provoking direct toxic effect 

of OA on these organs. Moreover, Hatab (2003) and Elaroussi   et al. 

(2008) mentioned that the relative weight of kidney and liver were 

increased significantly and their function was impaired in broilers as 

indicated by increased serum AST, ALT, uric acid and creatinin levels 

in OA-treated groups in comparison to the control. Current results also 

revealed that the function of kidney and liver were impaired in broilers 

as measured by increased serum AST, ALT, uric acid and creatinin 

levels in OA-treated groups, supporting the above results. 

Verma et al. (2004) and Kumar et al. (2004) recorded that OA at 

dietary concentration of 1, 2 and 4 mg / kg or more caused a significant 

increase in the kidney weight as a percent of body weight in broilers. 

Furthermore, Sakhare et al. (2007) indicated an increase in percentage 
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mass of liver due to feeding OA to broiler chicks at 200 ppb 

concentration from 1 day to 6 weeks of age. In addition, Gupta et al. 

(2008) explained that contamination of broiler diet with OA at a level 

of 2 ppm caused a significant increase in the relative kidney weight. 

The gross and microscopic changes in OA-fed birds indicated the 

kidney is the primary organ to be affected by this toxin at all test period 

intervals of 15, 16, 17, 19, 22, 24, 27 and 35 days. 

Similar results were observed by El Barkouky et al. (2010), who 

proved that the male broiler chicks fed a contaminated broiler diets 

with OA at the dose level of 200 µg/ kg feed from one- day old to 5 

weeks of age developed significant increases in kidney and liver 

relative weights.  

The adverse effects of OA on the relative weight of kidney and 

liver of broilers as observed in the current study were ameliorated by 

supplemented broiler diets with active dried live yeast (Sc) either alone 

or combined with vit.C. While addition of vit.C alone to OA-treated 

birds did not show any significant alteration in the relative kidney and 

liver weights when compared to OA group. In this context, Baptista et 

al. (2002) reported that dehydrated active yeast was able to reduce the 

hepatotoxicity caused by mycotoxins in hepatocytes. Several 

researchers confirmatively proved that the modified glucomannan, a 

derivative of the yeast cell wall, is able to bind higher levels of several 

important mycotoxins at a lower inclusion rates (Mahesh and 

Devegowda, 1996 and Volkl and Karlovsky, 1998). 

 Furthermore, relative weights of kidneys of broilers were 

increased significantly by OA at a level of 2 ppm, supplemented broiler 
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diets with Esterified-glucomannan (EG) a cell wall derivatives of yeast 

at a level of 1g / kg decreased the relative weight of kidney affected by 

OA (Raju and Devegowda, 2000). Devegowda (2000) and Manoj and 

Devegowda (2000) mentioned that glucomannans extracted from the 

external part of the cell wall of the yeast Sc are able to bind certain 

mycotoxins. Their great binding capacity results from the large area 

available for exchange. Thus, 500 g of glucomannans from yeast cell-

wall have the same adsorption capacity as 8 kg of clay. In addition, 

Bintvihok et al. (2002) and Banlunara et al. (2005) found that 

supplementation with esterified glucomannan to mycotoxin-

contaminated diet can reduce the liver injury such as bile duct 

proliferation and fatty degeneration in ducklings. The beneficial effects 

of Sc have been attributed to mannan in the cell wall of Sc. Mannan 

was extracted and esterified with glucan. Esterified glucomannan (EG) 

showed considerably high binding ability (80–97%) with mycotoxins 

(Diaz et al., 2002 and Yiannikouris et al., 2003).  

Agawane and Lonkar (2004) indicated that a Saccharomyces 

boulardii secret protease, a toxin binding enzyme, binds to toxin 

receptor on the epithelial cells of the gastro intestinal tract and 

enzymatically modifies them. Thus, toxin cannot damage the 

epitheliums, which lead to less absorption and less effect of OA. 

Furthermore, additions of MOS to an OA-free diet provided additional 

improvements in the performance of birds and did not produce any 

negative changes. They attributed the role of MOS in mycotoxin 

detoxification to a selective binding capacity for mycotoxin molecules, 

to modulate the immune response and to provide nutrients that are 
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beneficial to gut flora, thus improving animal production (Oguz and 

Parlat, 2004). Moreover, Lawlor and Lynch (2005) indicated that 

modified yeast cell wall, MOS has been found to be effectively bind 

OA and to bind aflatoxin. This product has an advantage over other 

binding agents in that it does not bind vitamins or minerals. Also, both 

viable and heat-treated (dead) yest cells were able to adsorb significant 

amounts (up to 250 ng / mL) of OA (Peteri et al., 2007). 

Present results are in close agreement with those of Elbarkouky 

et al. (2010). They found that contamination of broiler diets with 200 

ppb OA caused a significant increase in relative weights of kidney, 

liver and addition of Sc at 3g / kg to broiler diets providing the partial 

protection against the toxic effects of OA on the relative kidney and 

liver weights. 

Data presented in Table (10) show that addition of vit.C alone to 

OA-fed bird did not improve the significant alteration in relative weight 

of liver and kidney in broilers. These results are in accordance with the 

reported results by Hoehler and Marquardt (1996), who suggested that 

lipid peroxides are formed in vivo by OA and that these effects cannot 

be partially counteracted by vit.C. Furthermore, addition of vit.C at 300 

mg / kg diet did not prevent the negative effects of OA at 200 ppb on 

performance and relative organ weights in broilers (Elbarkouky et al., 

2010). 

On the other hand, contradicted results obtained by Haazele et 

al. (1993), who reported that vit.C supplementation partially reduced 

OA toxicity. In addition, Bendich et al. (1986) reported that vit.C is the 

most efficient vitamin for inhibiting OA genotoxicity. Marquardt and 
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Frohlich (1992) reported that free-radical scavenging compounds such 

as vitamin C have been shown to greatly reduce the toxicity of OA. 

Atroshi et al. (2000, 2002) proved that vit.C in combination with other 

antioxidants such as vitamin E, Zn, Mg and selenium can exert some 

inhibition of apoptosis caused by OA at 2.5 ppm in liver. Galvano et al. 

(2001) and Schaaf et al. (2002) found that several natural components 

of the diet, a-tocopherol, and vit.C, show antioxidant properties and 

may counteract mycotoxin cytotoxicity by blocking mycotoxin-induced 

free radical damage.  

b. Relative gizzard and proventriculus weights 

Table (11) presents the changes occurred  in the relative weights 

of both gizzard and proventriculus in their response to OA 

contamination and the efficacy of supplemented broiler diets with Sc 

and vit.C alone or in combination to ameliorate the toxic effects of OA. 

Results in table (11) demonstrate that throughout the experimental 

period, both relative gizzard and proventriclus weights of OA group 

were increased significantly in broiler chicks when compared with all 

groups fed OA-free diets. After the first week of age, OA + Sc and 

OA+ Sc+ vit.C had similar light relative gizzard weight like groups fed 

OA-free diets. While at 4 and 5 weeks of age, OA+ Sc group and OA+ 

Sc + vit.C groups had significantly light relative proventriculus weight 

as compared to other contaminated groups. This means that the 

addition of Sc alone or in combination with vit.C to the OA-treated 

birds reduced the negative effects of OA on the relative gizzard and 

proventriculus weights. No significant differences were observed 

between OA and OA+ vit.C birds, indicating that the addition of vit.C  
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Table 11. Effects of OA, Sc and vit.C supplementation on relative gizzard and proventriculus weights of broilers 

Relative gizzard weight (g /100g) Relative  proventriculus weight (g /100g) 

Age (week) Age (week) 

        

         
 

Treatments 1 2 3 4 5 1 2 3 4 5 

Control 
*6.104bc 
± 0.126 

4.539bcd 
± 0.117 

3.672bcd 
± 0.116 

3.047cd 
± 0.139 

2.606d 
± 0.140 

*0.900abc 
± 0.026 

0.611bc 
± 0.032 

0.495bc 
± 0.020 

0.431bc 
± 0.023 

0.393d 
± 0.025 

 

Sc 6.278bc 
± 0.205 

4.325cd 
± 0.162 

3.236d 
± 0.119 

2.895d 
± 0.128 

2.387d 
± 0.098 

0.878bc 
± 0.036 

0.581c 
± 0.031 

0.504bc 
± 0.033 

0.389c 
± 0.027 

0.380d 
± 0.02 

Vit.C 4.515c 
± 0.106 

4.515bcd 
± 0.171 

3.492bcd 
± 0.164 

3.014cd 
± 0.178 

2.725cd 
± 0.161 

 0.915abc 
± 0.028 

0.629bc 
± 0.029 

0.488c 
± 0.028 

0.419bc 
± 0.03 

0.400cd 
± 0.024 

Sc + Vit.C 6.333bc 
± 0.162 

4.124d 
± 0.168 

3.400cd 
± 0.136 

2.761d 
± 0.162 

2.513d 
± 0.140 

 0.848c 
± 0.036 

0.593bc 
± 0.028 

0.466c 
± 0.025 

0.406bc 
± 0.02 

0.362d 
± 0.028 

OA 6.843a 
± 0.153 

5.237a 
± 0.135 

4.536a 
± 0.132 

3.925a 
± 0.123 

3.626a 
± 0.11 

0.996a 
± 0.019 

0.738a 
± 0.033 

0.617a 
± 0.021 

0.601a 
± 0.027 

0.611a 
± 0.019 

OA + Sc 6.441abc 
± 0.177 

4.733bc 
± 0.145 

3.820bc 
± 0.146 

3.422bc 
± 0.173 

3.162b 
± 0.132 

 0.931abc 
± 0.031 

0.645abc 
± 0.032 

0.540abc 
± 0.027 

0.485b 
± 0.025 

0.479b 
± 0.021 

OA + Vit.C 6.602ab 
± 0.116 

4.966ab 
± 0.176 

4.423a 
± 0.158 

3.652a 
± 0.093 

3.588a 
± 0.131 

 0.963ab 
± 0.030 

0.687ab 
± 0.030 

0.580ab 
± 0.026 

0.562a 
± 0.029 

0.547a 
± 0.023 

OA + Sc + Vit.C 6.472ab  
± 0.169 

4.665bc 
± 0.162 

3.883b 
± 0.184 

3.353bc 
± 0.149 

3.113bc 
± 0.178 

 0.925abc 
± 0.029 

0.652abc 
± 0.04 

0.526bc 
± 0.03 

0.475b 
± 0.03 

0.466bc 
± 0.026 

       
 

  * Values are means ± SE 

    a,b, c, d …Means in the same column with different superscripts are significantly different  (P ≤ 0.05). 
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alone to OA- treated birds did not prevent the adverse effects of OA on 

the relative gizzard and proventriculus weights.  

These results are in agreement with those reported by Huff and 

Doerr (1981), who reported that broiler chicks fed a contaminated diet 

with OA at 2 ppm for 3 weeks from hatch, showed a significant 

increase in the relative proventriculus weight. Huff et al. (1988) 

pointed out that the relative gizzard weight was significantly greater in 

the birds receiving OA at dose of 4 µg / g feed at  9, 12, 15 , 18 and 21 

days of age in their diets when compared with the control birds. They 

attributed this phenomenon to the effect of OA on the upper 

gastrointestinal tract, due to overall irritative properties from direct 

contact with the toxin.  

The present results also are in agreement with the results obtained 

by Burns and Dwivedi (1986), Gibson et al. (1989), Huff et al. (1992) 

and Elissalde et al. (1994). Also, the results agreed with those of 

Kubena et al. (1988 and 1989) who cleared that addition 2 µg / g feed 

of OA to the basal broiler diet and fed it to male broiler chicks for 3 

weeks of hatch, resulted in significant increases in the relative gizzard 

and proventriculus weights when compared with the control chicks. 

They also mentioned that these significant increases in the relative 

gizzard and proventriculus weights were possibly due to the overall 

irritative properties of OA.   

Raju and Devegowda (2000) found that exposing broiler chicks to 

OA-contaminated ration at 2 ppm from 1 to 35 days of age resulted in 

14.6% increase in gizzard weight. They suggested that toxin affinity for 

the gastrointestinal tract affected several physiological systems that 
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led to dose-related weight alterations during ochratoxicosis.  

In addition, consumption of naturally contaminated diets was 

associated with significant increase in the relative gizzard weight, 

where the relative gizzard weight was increased significantly by about 

12.0% as compared with the control diet, the increases in the relative 

gizzard weights may be due to the result of severe inflammation and 

thickening of the mucosal layer (Aravind et al., 2003). Hatab (2003), 

Elaroussi et al. (2006) and El-Barkouky et al. (2010) mentioned that 

broilers fed dietary OA supplementation at dietary concentration of 400 

to 800 ppb for the first and second study and at 200 ppb for the third 

study showed a higher significant increases in the relative gizzard and 

proventriculus weights as compared with control chicks (0 ppb OA). 

These increases in both organs were more pronounced with the 

presence of high level of OA, which confirms that the effects of OA 

were dose and time dependent.  

On the contrary to the above-mentioned reports, the present 

results are not consistent with the reports of Huff and Doerr (1981), 

who fed 60 male broiler chicks a starter diet supplemented with OA at 

a level of 2 µg / g feed from hatch until 3 weeks of age. They 

mentioned that the OA had no effect on the relative weight of the 

gizzard. Also, in two series of experiment conducted by Kubena et al. 

(1983 and 1985), the relative weight of the gizzard and proventriculus 

were not significantly affected by dietary OA supplementation at 3 and 

2.5 µg / g feed for 26 and 28 days of hatch for broiler and Leghorn 

chicks respectively. They indicated that OA did not produce any 

appreciable changes in the relative weight of proventriculus and the 
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absolute weight of the gizzard was significantly decreased in the 

ochratoxicated birds than the control birds.  

The adverse effects of OA on the relative weights of gizzard and 

proventriculus of broilers as observed in the current study may be 

partially protected by supplemented broiler diets with active dried live 

yeast (Sc) either alone or combined with vit.C. While addition of vit.C 

alone to OA-treated birds did not show any significant alterations in the 

relative gizzard and proventriculus weights when compared to 

ochratoxicated group (OA- fed birds only).  

Raju and Devegowda (2000) mentioned that presence of OA in 

broiler diets caused increased gizzard weight (14.6%) when compared 

with the controls, when the broiler diets was supplemented with 

esterified-glucomannan (EG) a cell wall derivatives of yeast at level of 

1g / kg the negative effect of OA on broiler gizzard weight was 

ameliorated.  

In the mean time, Devegowda et al. (1998) reported that a 

natural absorbent derived from the cell wall of Sc, modified yeast cell 

wall mannanoligosaccharide (MOS), has been shown to effectively 

bind several mycotoxins (ochratoxins, aflatoxins and the fusariotoxins). 

In this context, Devegowda (2000) reported the capacity of 

glucomannans from Sc to bind mycotoxins. They found that percentage 

of binding for OA was about 12.5%. An adsorbent consisting of 

esterified glucomannan (EG) has been found to be effective in 

ameliorating the toxic effects of multiple mycotoxins present in 

naturally contaminated feed (Swamy et al., 2002).Yiannikouris et al. 

(2003) reported that saccharomyces cerevisiae (Sc) strains are able to 
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adsorb mycotoxins, thus limiting their gastrointestinal bioavailability. 

Moreover, Lawlor and Lynch (2005) indicated that modified yeast cell 

wall, mannanoligosaccharide (MOS) has been found to effectively bind 

OA. This product has advantage over other binding agents in that it 

does not bind vitamins or minerals.  

The present results obtained in this study are in accordance with 

the recent results reported by Elbarkouky et al. (2010), who reported 

that contamination of broiler diets with OA caused significant increases 

in the relative gizzard and proventriculus weights when compared with 

the controls. Supplementation of broiler diets with Sc alone or 

combined with vit.C ameliorated the toxic action of the OA on relative 

gizzard and proventriculus weights.  

c. Relative spleen weight 
The spleen is one of the most important lymphoid organs, which 

plays a considerable role in activation the bird immune system, in 

addition to its role as a major site for the robes destruction and 

resynthesis. Table (12) illustrated the effects of dietary treatments on 

relative spleen weights of male broiler chicks from 1 day to 5 weeks of 

age. The present study showed no differences were observed between 

groups at first and second week of age. At three weeks of age, OA 

group and OA+ vit.C group had the highest relative spleen weights 

with significantly different over Sc, vit.C and Sc + vit.C. At 4 and 5 

weeks of age, OA group significantly occupied the highest value as 

compared with all rest groups (except OA+ vit.C).  

These results indicate that addition of Sc with or without vit. C 

to broiler chicks fed OA-containing diets alleviates the negative effects  
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Table 12. Effect of OA, Sc and vit.C supplementation on relative  
                  spleen weight of broiler chicks.    

                                      Relative spleen weight (g / 100 g) 

              weeks        
groups Week 1 Week 2 Week 3 Week 4 Week 5 

control 
*0.0482a 
± 0.0024 

0.0596a 
± 0.0036 

0.0863ab 
± 0.0041 

0.0928c 
± 0.0054 

0.0943cd 
± 0.0036 

Sc 0.0476a 
± 0.0019 

0.0563a 
± 0.0018 

0.0841b 
± 0.0039 

0.0903c 
± 0.0031 

0.0886d 
± 0.0030 

Vit.C 0.0491a 
± 0.0035 

0.0603a 
± 0.0036 

0.0824b 
± 0.0039 

0.0931c 
± 0.0040 

0.0926cd 
± 0.0029 

SC + Vit.C 0.0501a 
± 0.003 

0.0579a 
± 0.0053 

0.0812b 
± 0.0057 

0.0899c 
± 0.003 

0.0912cd 
± 0.0044 

OA 0.0496a 
± 0.0046 

0.0639a 
± 0.0027 

0.0996a 
± 0.0031 

0.1131a 
± 0.0034 

0.1172a 
± 0.004 

OA + Sc 0.0488a 
± 0.0041 

0.0611a 
± 0.0055 

0.0945ab 
± 0.0049 

0.0987bc 
± 0.0028 

0.1012bc 
± 0.0048 

OA + Vit.C 0.0511a 
± 0.0034 

0.0626a 
± 0.0024 

0.0979a 
± 0.0033 

0.1055ab 
± 0.0036 

0.1094ab 
± 0.0044 

OA+  SC + Vit.C 0.0504a 
± 0.0053 

0.0619a 
± 0.0048 

0.0931ab 
± 0.0039 

0.0982bc 
± 0.0042 

0.0991bcd 
± 0.0033 

 

 

     * Values are means ± SE 

     a,b,c, d…Means in the same column with different superscripts are significantly differentent  (P<  0.05) 
 

of OA on relative spleen weights. On the other hand, no significant 

differences were observed between OA and OA + vit.C groups, which 

confirm that addition of vit.C to ochratoxicated birds did not alleviate 

the deleterious effects of ochratoxins.  

Present results also showed that no significant differences were 

observed as results of addition of Sc or vit.C alone or combined to 

broiler chicks fed OA-free diets, indicating that no negative effects of 

supplemented broiler diets with Sc or vit.C on the relative spleen 

weight.  
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The increase in relative spleen weight of broilers due to 

ochratoxicosis in the present study was in agreement with several 

previous reports. Huff and Doerr (1981) and Huff et al. (1988) showed 

that the relative weight of spleen was increased significantly in a 

predictable manner when the male broiler chicks were fed 

contaminated diets with OA at a level of 2 or 4 µg / g feed for 3 weeks 

from hatch.  

Moreover, Gibson et al. (1989) indicated that the relative spleen 

weight increased significantly in the OA-treated chicks at levels of 2 

and 4 µg / g feed for 21 days from hatch. This increase was 

proportional to the level of OA, which confirms that the effects of OA 

were dose dependent. Elissalde et al. (1994) reported that exposing 

young male broiler chicks to intoxication with OA in their diets at 3µg / 

g diet caused significant increase in the spleen weight relative to body 

weight. In this respect, male broiler chicks fed OA-contaminated diets 

at levels of 400 and 800 ppb had higher relative spleen weight than that 

of the birds consumed OA-free ration (control), This increase was 

proportional to the OA level found in the diets (Hatab, 2003). 

Contradicted results were obtained by Kubena et al. (1983, 

1985, 1988 and 1989), Elkady (1993) and Hashad (1991), who reported 

no significant adverse effect OA on relative spleen weight until 40th 

days of age, whenever OA significantly lower it. Similarly, 

Sreemannarayana et al. (1989) reported that OA had no effect on 

relative spleen weight of broilers. Also, Denli et al. (2008) and Hanif et 

al. (2008) did not show any significant alterations in the relative spleen 
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weight as results of presence of OA in the diets of laying hens and 

broiler chicks respectively.  

 On the other hand, Singh et al. (1990) fed broiler chicks a basal 

diet supplemented with 0.5 and 2 µg / g feed of crystalline OA. A 

significant reduction in spleen weight was recorded in intoxicated birds 

at both doses when compared with the controls.  Stoev et al. (2000) 

also found a significant depression in the relative spleen weight as        

a consequence of feeding broiler chicks on OA- contaminated diets. 

They concluded that the decreased relative spleen weight was resulted 

from degenerative changes and decreased lymphoid tissues in spleen of 

OA-treated birds as compared with those of controls.  

The results presented in Table (12) shows that addition of Sc 

alone or combined with vit.C to OA-containing diet significantly 

ameliorated the adverse effects of OA on relative spleen weight. These 

results are in agreement with Stanley et al. (1993) and Newman (1994), 

they reported that a live yeast (Sc) has beneficial effects to alleviate the 

adverse effects of mycotoxins in broilers. These beneficial effects have 

been later attributed to esterified glucomannan (EG), derived from cell 

wall of Sc. In this context, Raju and Devegowda (2000) reported that 

EG compounds, located in the cell wall of Sc have a high affinity for 

ochratoxin, both in vitro and in vivo. These compounds bind 

mycotoxins, stimulate the immune system and competing for binding 

sites on enterocytes inhibit colonization of the intestine by pathogens. 

Moreover, Swamy et al. (2002) suggested that an adsorbent consisting 

of EG has been found to be effective in ameliorating the toxic effects of 

multiple mycotoxins present in naturally contaminated feed. Similarly, 



 119

Lawlor and Lynch (2005) indicated that modified yeast cell wall, 

mannanoligosaccharide (MOS), has been found to effectively bind 

ochratoxins. This product has advantage over other binding agents in 

that it does not bind vitamins or minerals.  

Data presented in Table (12) show that the effect of the dietary 

addition of vit.C alone to OA-fed bird did not show any significant 

improvement in relative spleen weight of broilers affected by OA. 

These results are in accordance with the reported results by Hoehler 

and Marquardt (1996), who suggested that lipid peroxides are formed 

in vivo by OA and that these effects cannot be partially counteracted  

by vit.C. Furthermore, addition of vit.C at 300 mg / kg diet did not 

prevent the negative effects of OA at 200ppb on performance and 

relative organ weights in broilers (Elbarkouky et al., 2010). 
 

d. Relative bursa Fabricius and thymus weights   

The bursa of Fabricius and thymus glands are the most 

important lymphoid organs in the first stages of age, where both glands 

are important constitutes of the primary immune system in birds. 

Data presented in Table (13) show the effects of dietary 

treatments of OA, Sc and vit.C individually and in combination on the 

relative bursa of Fabricius and thymus weights of male broiler chicks 

from day old to 5 weeks of age. It could be clearly observed that 

exposing broiler chicks to intoxication with 200 ppb OA caused 

significant reduction in both relative bursa and thymus weights as 

compared with the control birds. The significant effects of OA on the 

relative bursa and thymus weights based on the present results were  
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Table 13. Effects of OA, Sc and vit.C supplementation on relative bursa and thymus weights of broiler chicks 

Relative bursa weight (g /100g) Relative  thymus weight (g /100g) 

Age (week) Age (week) 

        

         
 

Treatments 1 2 3 4 5 1 2 3 4 5 

Control 
*0.1797a 
± 0.0065 

0.2180a 
± 0.0061 

0.2500bc 
± 0.0079 

0.2620abc 
± 0.0093 

0.2389ab 
± 0.0056 

*0.2480a 
± 0.019 

0.3410bc 
± 0.011 

0.4170ab 
± 0.013 

0.3970bc 
± 0.025 

0.3880b 
± 0.014 

 

Sc 0.1900a 
± 0.0057 

0.2150a 
± 0.0078 

0.2612ab 
± 0.0047 

0.2730a 
± 0.0051 

0.2491a 
± 0.0055 

0.2560a 
± 0.021 

0.3780ab 
± 0.016 

0.4420a 
± 0.017 

0.4360ab 
± 0.013 

0.4401a 
± 0.020 

Vit.C 0.1858a 
± 0.0056 

0.2220a 
± 0.0083 

0.2470bcd 
± 0.0069 

0.2690a 
± 0.0101 

0.2429a 
± 0.0064 

0.2440a 
± 0.024 

0.3500bc 
± 0.020 

0.4290ab 
± 0.015 

0.3920bc 
± 0.017 

0.4050ab 
± 0.012 

Sc + Vit.C 0.1820a 
± 0.0077 

0.2250a 
± 0.0101 

0.2752a 
± 0.0071 

0.2650ab 
± 0.004 

0.2536a 
± 0.0053 

0.2620a 
± 0.026 

0.4022a 
± 0.019 

0.4330ab 
± 0.016 

0.4460a 
± 0.012 

0.4240ab 
± 0.018 

OA 0.1799a 
± 0.0053 

0.2100a 
± 0.0059 

0.2069f 
± 0.0048 

0.2110d 
± 0.0067 

0.1901d 
± 0.0069 

0.2430a 
± 0.016 

0.3210c 
± 0.013 

0.3400d 
± 0.014 

0.2910e 
± 0.013 

0.2482d 
± 0.01 

OA + Sc 0.1848a 
± 0.0044 

0.2122a 
± 0.0079 

0.2360cde 
± 0.0068 

0.2421c 
± 0.0058 

0.2160c 
± 0.0074 

0.2461a 
± 0.022 

0.3300bc 
± 0.011 

0.3850bcd 
± 0.017 

0.3400d 
± 0.018 

0.3070c 
± 0.02 

OA +  Vit.C 
 

0.1810a 
± 0.007 

0.2080a 
± 0.0104 

0.2178ef 
± 0.0059 

0.2160d 
± 0.0061 

0.1860d 
± 0.0115 

0.2390a 
± 0.015 

0.3280c 
± 0.017 

0.3450cd 
± 0.014 

0.3119de 
± 0.011 

0.2588d 
± 0.016 

OA + Sc +  Vit.C 0.1827a 
± 0.0086 

0.2140a 
± 0.0062 

0.2295de 
± 0.006 

0.2470bc 
± 0.0071 

0.2199bc 
± 0.0058 

0.2500a 
± 0.02 

0.3340bc 
± 0.012 

0.3917bc 
± 0.018 

0.3530cd 
± 0.014 

0.3290c 
± 0.018 

       
  
 * Values are means ± SE. 

   a,b,c, d, e …Means in the same column with different superscripts are significantly different  (P ≤ 0.05). 
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observed after the second week of age and continuous through the 

experimental period and were more pronounced with age progression. 

Current results obtained in the present study proved that  

addition of Sc and / or vit.C to broiler fed OA-free diet did not show 

any significant differences in relative bursa and thymus weights when 

compared with the controls, confirming that supplemented broiler 

ration with Sc alone or in combination with vit. C did not produce any 

negative changes in relative weights of bursa and thymus, but it might 

produce beneficial effects on relative thymus weight. While adding Sc 

with or without vit.C to OA-treated birds significantly reduced the 

adverse effects of OA on both relative bursal and thymus weight. 

On the contrary, to the Sc, addition vit.C alone to OA- fed birds 

did not ameliorate the adverse effects of OA on the relative bursa of 

Fabricius and thymus weight.   

In this respect, Dwivedi and Burns (1984 a, b and c) reported 

dose- related significant reductions in the relative weights of the bursa 

of Fabricius and thymus as a result of presence of OA in the diet of 

broiler chicks at 2 and 4 µg / g feed. The toxin also caused regression 

of the lymphoid cell population in these important immunological 

organs. The same authors, in another study (Dwivedi and Burns 1985) 

reported a similar effect of OA on the relative thymus weight in turkey.  

Furthermore, Singh et al. (1990) indicated that dietary 

supplementation with OA at levels of 0.5 and 2 µg per gm of broiler 

diets significantly decreased the weights of thymus and bursa of 

Fabricius in both of the intoxicated groups compared with the controls. 

Similar results were also reported when OA was administered to 
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specific pathogen-free Plymouth Rock chicks at 1 or 5 ppm (Stoev et 

al., 2002b) or to broiler chicks at 2 and 4 ppm parts of OA (Kumar et al 

., 2004 and Verma et al., 2004) for periods ranging from 21 to 70 days.  

Results from all previous reports reported that the greater the 

dose used, the greater the decrease in thymus and bursal weights. This  

was found to be true also when lower doses (130, 305, and 790 ppb) 

were used by Stoev et al. (2000 and 2004) or doses of 400 and 800 ppb 

were used by Hatab (2003) and Elarousii et al. (2006 and 2008). In this 

regard, the present results also agree with those reported by Campbell 

et al. (1981), who reported that the relative bursa weight decreased 

significantly in broiler chicks when fed contaminated diet with OA at 2 

ppm for 3 weeks after hatch. In another study, numerical but non- 

significant reduction was reported in the relative weights of the bursa 

of male broiler chicks fed from one-day of hatch to 3 weeks of age on 

diet supplemented with OA at 2 µg / g feed (Campbell et al., 1983).  

Elkady (1993) reported also that OA at a level of 4 µg/ g feed 

lowered significantly the relative thymus weight of broiler chicks fed 

contaminated diet for 42 days of hatch. The same author mentioned that 

no-significant decrease was observed in the relative bursa of Fabricius 

weight of ochratoxicated chicks as compared with the control chicks. 

Sakhare et al. (2007) observed that feeding OA to broilers chicks from 

1day to 6 weeks of age at 200 ppb caused significant regression in the 

relative mass of bursa and thymus gland at 42 days of age as compared 

to those of the controls. Also, a significant decrease in the bursal 

weight was observed when the broiler chicks were fed a contaminated 

diet with OA at level of 2 ppm (Gupta et al., 2008)  
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On the other hand, contradicted results were obtained by Huff 

and Doerr (1981) and Chang et al. (1981) in broilers and turkeys 

respectively, where OA had no effect on the relative weight of the 

bursa at any level of dose employed. The same trend also reported in a 

serious of experiments carried out by Kubena et al. (1983, 1985, 1988 

and 1989), who found that dietary OA supplementation at a level of 2-3 

µg / g feed did not produce any a appreciable changes in the relative 

bursa weight of broilers or Leghorn chicks as compared with the 

control chicks. In this respect broiler chicks subjected to intoxication in 

their diet with OA at dietary levels of 0.5 and 1 ppm over 42 day period 

did not show any significant alteration in the relative weight of bursa at 

28 and 42 days of experimental period as compared with the control 

group (Hanif et al., 2008).  

The present study showed that Sc supplementation individually 

or combined with vit.C during ochratoxicosis resulted in a significant 

improvement of the negative effects caused by OA on the relative bursa 

and thymus weight. In this respect, Bohm et al. (2000) reported that 

many microorganisms can be able to degrade OA, for example, Sc is 

able to degrade OA to non toxic form, Oα. (ochratoxin alpha).   
 

In recent years, it has been shown that probiotics containing Sc 

have the ability to bind and biotransform mycotoxins (Biagi, 2009). 

Also, Elbarkouky et al. (2010) indicated that addition of Sc to broiler 

diets providing the partial protection against the toxic effects of OA on 

relative organ weights.  Furthermore, addition of Vit.C at 300 mg / kg 

diet did not prevent the negative effects of OA at 200ppb on 

performance and relative organ weights in broilers. 
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3. Effect of Ochratoxin A on physiological parameters 

a. Hemoglobin concentration (Hb) and packed cell volume (PCV) 
Results in Table (14) revealed that both Hb and PCV were 

directly affected by OA contamination especially after two weeks of 

age. OA group was significantly differed from all groups fed 

uncontaminated diets. Hb and PCV values had a tendency to increase 

gradually with age in birds of uncontaminated groups, the converse 

situation was observed in the birds fed a contaminated diet with OA. 

Addition of Sc or vit.C alone or combined to broilers fed basal 

diets free from OA resulted in a little increase in Hb and PCV than the 

control. On the other hand, significant improvement in Hb 

concentration and in significant improvement in PCV value were 

observed as results of addition of Sc alone or in combination with vit.C 

to broilers fed diets containing OA, while addition of vit.C alone to 

broilers during ochratoxicosis did not show any improvement in Hb 

and PCV values.  

Present results concerning the effects of OA on Hb and PCV 

showed that the broiler chicks fed OA alone (OA group) developed 

anemia manifested by a significant decrease in the Hb concentration 

and PCV. These results are in agreement with the results reported by 

Campbell et al. (1981 and 1983), Huff and Ruff (1982), Richardi and 

Huff (1983), Huff et al. (1988), Bailey et al. (1989) and Kubena et al. 

(1989), who indicated that broiler chicks fed a dietary supplementation 

with OA at 2 to 8 µg / g feed showed mildl anemia characterized by a 

significant reduction in Hb concentration and PCV. The anemia 

induced by OA was characterized as microcytic- hypochromic anemia 
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  Table 14. Effects of OA, Sc and vit.C supplementation on hemoglobin and packed cell volume values of broilers 
 

hemoglobin (g/ dl)) Packed cell volume (%) 

Age (week) Age (week) 

        
         
 
Treatments 1 2 3 4 5 1 2 3 4 5 

Control 
*7.83a 
± 0.47 

8.69a 

± 0.34 
8.98abc 

± 0.36 
10.28ab  
± 0.37 

11.86b 

± 0.33 
*40.4a 
± 0.93 

40.2a 

±0.86 
42.0ab 

± 1.1 
41.6abc 

± 1.03 
42.0ab 

± 1.18 
 

Sc 8.21a 

± 0.42 
8.91a 

± 0.40 
9.41ab 
± 0.30 

11.32a 

± 0.30 
12.78ab 

± 0.29 
40.0a 
± 1.0 

41.2a 
± 0.97 

42.6ab 
± 0.93 

43.6a 
± 1.03 

43.4a 
± 1.08 

Vit.C 7.75a 

± 0.50 
8.81a 

±0.54 
9.22ab 

± 0.33 
10.31ab 
± 0.41 

12.00ab 

± 0.31 
39.6a 

± 1.25 
40.8a 
±1.16 

41.8abc 
± 1.07 

42.2abc 

± 1.07 
42.8a 

± 1.24 

Sc +  Vit.C 7.91a 

± 0.30 
8.85a 

± 0.4 
9.54a 

± 0.28 
11.14a 

± 0.39 
12.93a 

± 0.32 
40.2a 

± 1.24 
40.8a 

± 0.8 
43.0 a 
± 1.14 

43.2ab 
± 1.02 

44.0a 
± 0.89 

OA 7.72a 

± 0.43 
8.63a 

± 0.38 
8.04c 

± 0.30 
8.55d 
± 0.31 

8.95d 

± 0.27 
38.8a 

± 1.16 
39.4a 
±1.33 

38.2c 
± 1.02 

37.0d 

± 0.95 
35.8c 

± 0.97 

OA + Sc 7.79a 

± 0.45 
8.67a 

± 0.47 
8.68abc 

± 0.32 
9.52bcd 

± 0.36 

 

10.71c 

± 0.36 
39.0a 

± 1.41 
39.8a 
±0.92 

40.8abc 

± 1.24 
39.2cd 

± 1.02 
38.6bc 

± 1.29 

OA +  Vit.C 7.73a 

± 0.52 
8.56a 

± 0.34 
8.42bc 

± 0.36 
8.96cd 
± 0.35 

9.25d 

± 0.29 
39.2a 

± 0.97 
40.0a 

±1.05 
39.0bc 
± 1.30 

38.2d 

± 1.11 
36.0c 

± 1.05 

OA + Sc + Vit.C 7.80a 

± 0.38 
8.65a 

± 0.44 
8.75abc 

± 0.31 
9.84bc 

± 0.30 
10.79c 

± 0.35 
39.4a 

± 1.17 
40.0a 

± 1.14 
40.8abc 

± 1.20 
40.0bcd 

± 1.05 
39.2bc 

± 1.24 
       
 

  * Values are means ± SE 

    a,b,c, d …Means in the same column with different superscripts are significantly different  (P ≤ 0.05). 
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and further characterized as an iron microcytic- hypochromic anemia 

further characterized as an iron deficiency anemia due to inhibition of 

iron absorption. Hb and PCV were altered in a manner consistent with 

the dose level of OA. 

Ayed et al. (1991) and Mohiuddin et al. (1992) noticed that 

adding OA at 0.75, 1.5, or 3 mg / kg body weight for 4 weeks to the 

diets of 4-week-old broiler chicks resulted in a significant decrease in 

Hb and PCV in all treatment applied. These results have been 

supported with the finding in a subsequent study of Mohiuddin et al. 

(1993). Similar results were also reported by Ramadevi et al. (1996), 

Sandhu et al. (1998), Hatab (2003) and Elaroussi et al. (2006), who 

found that feeding broiler chicks a supplemented diet with OA at 400 to 

800 ppb caused a significant decrease in Hb and PCV in broilers after 

OA intoxication. Anemia was observed in treated OA group than the 

control chicks as a result of decreasing Hb concentration. The decrease 

in Hb and PCV may be related to the elimination of red blood cells 

(RBC) from circulation as result of ochratoxin- induced extravasations 

of the blood. 

In addition, a range of OA exposure at 50-100 ppb (El-

Barkouky, 2008 and El-Barkouky and Abu-Taleb, 2008), 750 ppb 

(Patil et al., 2005) and 6 ppm (Janaczyk et al., 2006) resulted in an 

anaemia characterized by a significant decrease in Hb and PCV and 

was attributed to iron deficiency or as a consequence of a disturbance 

in the haemopoietic system.  

On the contrary, the current results are in disagreement with 

those reported by Kubena et al. (1983 and 1985), that there were no 
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significant changes in Hb and PCV of male broiler and Leghorn chicks, 

fed a starter diet containing OA. On the other hand, Kubena et al. 

(1988) reported that Hb concentrations did not change while PCV was 

increased significantly in male broiler chicks during ochratoxicosis at a 

level of 2 µg / g feed. However, Bailey et al. (1990) showed an increase 

in Hb concentration of broiler chicks fed diet containing 4 mg OA / kg 

feed for 3 weeks of age. 

Current results showed significant amelioration of the adverse 

effects of OA on Hb and in the improvement but without significant in 

PCV as a result of Sc addition alone or in combination with vit.C to the 

broiler basal diets contaminated with OA. In this respect, Bradley et al. 

(1994) and Agawane and Lonkar (2004) observed significant 

improvements in Hb and PCV of poults and broilers as a result of 

addition probiotic containing yeast culture Saccharomyces boulardii to 

intoxicated broilers with OA. They indicated that Saccharomyces 

boulardii secret protease, a toxin binding enzyme, that binds to toxin 

receptor on the epithelial cells of the gastro intestinal tract and 

enzymatically modifies them. Thus, toxin cannot damage the 

epitheliums, which lead to less absorption and less effect of OA. 

Furthermore, broiler chicks consumed feed contaminated with multiple 

mycotoxins (ochratoxin, aflatoxin and T-2 toxin) showed a significant 

reduction in PCV (2.7%), and supplementation of the contaminated 

diets with esterified glucomannan (EG), a cell wall derivatives of Sc at 

0.05% improved PCV value (3.7%) at 21 days of age (Aravind et al., 

2003). In this context, Elbarkouky (2008) reported that 

supplementation of broiler diets with Sc at 200 mg per kg feed 
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significantly counteracted the deleterious effects of OA on Hb and  

PCV values of broilers subjected to intoxication with OA.  

Among several dietary supplements, yeast (Saccharomyces 

cerevisiae) as a nutraceutical additive, has shown satisfactory results 

when added to ration as active cell or cell wall components. Addition 

of live yeast to the diet contaminated with mycotoxins was able to 

suppress the harmful effects of this toxin in animals (Stanley et al., 

1993). At the same time, Lawlor and Lynch (2005) indicated that 

modified yeast cell wall, mannanoligosaccharide (MOS) has been 

found to effectively bind ochratoxins. This product has advantage over 

other binding agents in that it does not bind vitamins or minerals.  

b. Red blood cells (RBC) and white blood cell (WBC) counts     

Results in Table (15) indicated that dietary OA supplementation 

at a level of 200ppb (OA group) caused a significant reduction in RBC 

and WBC count beginning from the 2nd weeks until the end of 

experiment. In general, OA group had the significantly lowest count as 

compared to all OA- free groups.  

Table (15) also showed that dietary supplementation of Sc or 

vit.C alone or combined to the broiler basal diets free from OA 

partially and numerically improved RBC and WBC counts as compared 

with the control group.  

At the same time, supplemented broiler diets with Sc either 

alone or in combination with vit.C and fed to broilers during 

ochratoxicosis partially alleviated the detrimental effects of OA on 

RBC and WBC counts. Both RBC and WBC counts have been 
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   Table 15. Effects of OA, Sc and vit.C supplementation on red and white blood cell counts of broiler chicks 
 

Red blood cell count (106×mm3) White blood cell count (103×mm3) 

Age (week) Age (week) 

        
         
 
Treatments 1 2 3 4 5 1 2 3 4 5 

Control 
*2.738a 
± 0.14 

3.986abc 
± 0.19 

4.314abc 

± 0.17 
4.594ab 

± 0.21 
4.720cd 
± 0.23 

* 9.6a 

± 0.75 
12.6ab 

± 0.51 
13.0abc 

± 0.55 
13.8ab 

± 0.74 
14.4bcd 

± 0.68 
 

Sc 2.922a 
± 0.16 

4.335ab 
± 0.15 

4.480a 
± 0.17 

5.024a 
± 0.19 

5.324ab 

± 0.16 
10.0a 

± 0.55 
13.6 a 

± 0.51 
14.4a 

± 0.60 
15.2a 

± 0.59 
15.8ab 
± 0.58 

Vit.C 3.111a 
± 0.17 

4.138abc 

± 0.18 
4.352ab 
± 0.16 

4.875a 
± 0.20 

4.845bc 
± 0.17 

10.0a 
± 0.71 

12.0ab 

± 0.71 
13.4ab 

± 0.60 
14.0ab 

± 0.71 
14.8abc 
± 0.66 

Sc +  Vit.C 2.903a 
± 0.19 

4.411a 
± 0.19 

4.660a 
± 0.19 

5.172a 
± 0.16 

5.584a 
± 0.19 

10.6a 

± 0.75 
13.8 a 

± 0.58 
15.0a 

± 0.63 
15.4a 

± 0.68 
16.4a 

± 0.51 

OA 2.629a 
± 0.20 

3.581c 
± 0.21 

3.711d 
± 0.22 

3.740c 
± 0.19 

3.662 f 
± 0.16 

8.8a 
± 0.80 

10.0c 
± 0.63 

10.4d 

± 0.75 
10.8c 

± 0.58 
10.0f 

± 0.45 

OA + Sc 2.685a 
± 0.17 

3.797bc 

± 0.18 
3.833bcd 
± 0.19 

4.200bc 
± 0.20 

4.229def 

± 0.20 
9.2a 

± 0.67 
11.6bc 

± 0.67 
12.0bcd 

± 0.71 
12.4bc 

± 0.68 
12.6de 

± 0.68 

OA +  Vit.C 2.620a 
± 0.15 

3.660c 
± 0.19 

3.758cd 
± 0.22 

3.798c 
± 0.18 

3.800ef 
± 0.16 

9.2a 
± 0.74 

11.2bc 

± 0.74 
11.2cd 
± 0.66 

11.6c 

± 0.75 
11.0ef 
± 0.55 

OA + Sc + Vit.C 2.700a 

± 0.20 
3.805bc 
± 0.16 

4.097abcd 
± 0.15 

4.215bc 
± 0.19 

4.261de 
± 0.25 

9.0a 
± 0.63 

11.6bc 

± 0.60 
11.8bcd 
± 0.67 

12.8bc 

± 0.74 
13.2cd 
± 0.66 

       

    * Values are means ± SE 

       a,b,c,d, e, f …Means in the same column with different superscripts are significantly different  (P ≤ 0.05). 
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increased as results of adding Sc or Sc + vit.C to ochratoxicated birds. 

On the other hand, addition of vit.C alone to OA – fed birds did not 

show significant differences in the counts of blood cells throughout the 

experimental periods when compared with those of OA-fed birds.  

The toxic effects of OA on blood cell counts (RBC and WBC) 

of broilers obtained in this study was in agreement with the results of 

Mohiuddin et al. (1992 and 1993) and Patil et al. (2005), who  found 

that OA significantly decreased RBC and WBC count in all treated 

groups with OA at levels of 0.75 to 3 ppm compared to the control 

ones. The decrease in number of leucocytes was primarily reported to 

be a reflection of a decrease in lymphocytes, and to lesser extent 

monocytes or heterophils, such a lymphocytopaenia may be a sensitive 

and useful indicator of ochratoxicosis that may possibly occur due to a 

direct effect on germinal centers of lymphoid tissues and implies 

alteration of the immune function. Slight anemia and leucocytosis were 

observed by Stoev et al. (2000) in broiler chicks fed contaminated diets 

with OA at dietary levels of 130, 305 and 790 ppb. In this regard, 

Hatab (2003) and ELaroussii et al. (2006) found that both RBC and 

WBC counts were decreased significantly to reach about 37and 30% 

respectively in broiler chicks fed OA-containing ration at dietary 

concentration of 400 and 800ppb, and the effects of OA was 

proportional to OA doses. Moreover, El-Barkouky (2008) and El- 

Barkouky and Abu-Taleb (2008) reported that contamination of broiler 

diet with lowest concentration (50 and 100ppb) of OA resulted in a 

significant decrease in RBC and WBC counts at both examined levels. 

They indicated that the effects of OA were dose – dependent. 
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The adverse effects of OA on blood cell counts (RBC and 

WBC) of broilers in the current study may be partially protected by 

supplementing broiler diets with active dried live yeast (Sc) either alone 

or combined with vit.C. These results are in accordance with those of 

Elbarkouky (2008), who reported that supplementation of broiler diets 

with Sc improved the negative effects of OA on RBC and WBC counts 

when incorporated at a dietary concentration of 200 mg / kg diet. 

Similar results were also reported in Japanese quail chicks by Khalil 

(2008), who observed that supplemented quail diet with 2 gm Sc / kg 

diets ameliorated the negative effects of 16.5 ppm OA on WBC count 

of quail fed this contaminated diets from 20 days until 7 weeks of age. 

In this respect, Bejaoui et al. (2004) and Molnar et al. (2004) reported 

that yeast and their enzymes are capable of detoxifying OA and an 

adsorption mechanism has been suggested for OA removal. 

Furthermore, Devegowda (1997) and Dvorska and Surai (2001) 

concluded that the effect of esterified glucomannan (EG) to counteract 

the effects of mycotoxins might be attributed to mycotoxin adsorption 

ability and its inhibitory effect on liver antioxidant depletion.  

Data presented in Table (15) from the present study shows that  

the addition of vit.C alone to OA- ration and fed to birds did not 

improve the count of blood cells, which was negatively affected by 

OA. These results are in agreement with those of Hoehler and 

Marquardt (1996), who incorporated two doses of vit.C (200, and 1,000 

mg/kg of diet) into the diets of Leghorn cock chicks contaminated with 

2.5 mg OA/ kg of diet. They suggested that the toxic effects of OA 

cannot be counteracted by vit.C.   



 132

4. Biochemical parameters 

a. Blood proteins (Total poteins (TP); Albumin (Alb) and       
    Globulins (Glob) 
 

 

Table (16) illustrates the dietary treatment effects by 

supplementing broiler diets with Sc, vit.C and OA individually or in 

combination for 5 weeks on serum protein levels (TP, Alb and Glob) of 

male broiler chicks.  

The results in Table (16) indicate that OA supplementation to 

broiler diets at 200 ppb (OA group) caused significant decreases in 

serum TP and Alb levels at 4th week and in Glob at 3rd  week of age and 

thereafter when compared with the groups received free OA- diets.  

Current results also showed that the inclusion of Sc or Sc + vit.C 

in the OA-free diets did not change serum protein levels, conversely, 

provided numerical, but not significant improvement in serum TP and 

Glob levels of broilers as compared with the control. In general, no 

differences were observed between groups during the first three weeks 

of age. At 4 and 5 weeks of age, OA group had significantly the lowest 

level compared with OA- free diet groups.  

The current results also showed that dietary supplementation 

with Sc individually or in combination with vit.C to broiler chicks 

subjected to ochratoxicosis, significantly alleviated the deleterious of 

OA on serum TP and Glob and counteracted these negative effects of 

OA on albumin, but without significance. While, the single inclusion of 

vit.C to broiler chicks fed OA – containing diets resulted in a numerical 

but not significant increase in serum concentration of blood proteins 

(TP, Alb and Glob) as compared with the group fed OA-containing diet   
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Table 16. Effect of OA, Sc and vit.C supplementation on total protein 
                  (TP), albumin (Alb) and globulin (Glob) of broiler chicks    

Total protein (g / dl) 
              weeks        
groups Week 1 Week 2 Week 3 Week 4 Week 5 

control 
*3.921a 

± 0.181 
4.338ab 

± 0.216 
4.429abc     
± 0.201 

4.849abc 

± 0.191 
4.902ab 
± 0.225 

Sc 3.992a 
± 0.239 

4.534a 

± 0.195 
4.809ab 

± 0.262 
5.244a 

± 0.192 
5.075a 

± 0.219 

Vit.C 3.817a 
± 0.282 

4.355ab 

± 0.209 
4.506abc 

± 0.24 
4.872abc 

± 0.177 
4.793ab 
± 0.205 

SC+  Vt.C 4.047a 

± 0.216 
4.439ab 

± 0.156 
5.121a 

± 0.234 
4.983ab 

± 0.208 
5.226a 

± 0.215 

OA 3.611a 
± 0.213 

3.805b 
± 0.192 

3.765c 

± 0.209 
3.678e 

± 0.189 
3.509d 

± 0.154 

OA + Sc 3.726a 
± 0.176 

4.194ab 

± 0.263 
4.219bc 

± 0.226 
4.425bcd 

± 0.227 
4.296bc 

± 0.237 

OA + Vit.C 3.741a 
± 0.145 

4.018ab 

± 0.187 
3.995c 

± 0.256 
3.921de 

± 0.195 
3.706cd 
± 0.19 

OA+ SC +  Vit.C 3.780a 
± 0.238 

4.124ab 

± 0.233 
4.330bc 
± 0.243 

4.285cd 

± 0.207 
4.378b 
± 0.248 

Albumin (g / dl) 

control 
*1.817a 

± 0.103 
1.833a 

± 0.121 
1.937a 
± 0.09 

2.169ab 
± 0.114 

2.214a 

± 0.107 

Sc 1.843a 
± 0.1 

1.733 a 

± 0.127 
2.031a 

± 0.115 
2.329a 
± 0.11 

2.082ab 
± 0.105 

Vit.C 1.755a 
± 0.112 

1.768a 

± 0.115 
1.965a 

± 0.114 
2.116ab 

± 0.128 
1.988ab 
± 0.091 

SC + Vit.C 1.793a 

± 0.11 
1.723a 

± 0.124 
2.188a 
± 0.14 

2.141ab 

± 0.094 
2.167a 

± 0.112 

OA 1.708a 
± 0.058 

1.630a 
± 0.111 

1.787a 

± 0.102 
1.782c 

± 0.077 
1.772c 

± 0.06 

OA + Sc 1.688a 
± 0.054 

1.705a 

± 0.113 
1.912a 

± 0.108 
1.984bc 

± .1 
1.949abc 

± 0.102 

OA + Vit.C 1.787a 
± 0.09 

1.676a 

± 0.106 
1.864a 

± 0.145 
1.857bc 

± 0.069 
1.835bc 
± 0.077 

OA+  SC + Vit.C 1.765a 
± 0.115 

1.687a 

± 0.101 
1.926a 

± 0.146 
1.890bc 

± 0.079 
1.919abc 
± 0.079 

 

                                                                                                         Continued 
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   Table 16. Continued 
 

Globulin (g / dl) 
              weeks     
groups Week 1 Week 2 Week 3 Week 4 Week 5 

Control 
*2.104a 

± 0.086 
2.505abc 

± 0.124 
2.491bcd 

± 0.112 
2.680ab 

± 0.1 
2.687abc 

± 0.144 

Sc 2.149a 
± 0.15 

2.801a 

± 0.079 
2.779ab 

± 0.151 
2.915a 

± 0.098 
2.993a 

± 0.131 

Vit.C 1.999a 
± 0.182 

2.587ab 

± 0.132 
2.542bc 

± 0.135 
2.756ab 

± 0.091 
2.805ab 
± 0.119 

SC + Vit.C 2.254a 

± 0.121 
2.715ab 

± 0.097 
2.933a 

± 0.097 
2.842a 

± 0.128 
3.059a 

± 0.118 

OA 1.903a 
± 0.16 

2.174c 
± 0.108 

1.978e 

± 0.12 
1.897d 

± 0.143 
1.737d 

± 0.099 

OA + Sc 2.038a 
± 0.125 

2.489abc 

± 0.165 
2.307cde 

± 0.132 
2.440bc 

± 0.152 
2.347c 

± 0.139 

OA + Vit.C 1.954a 
± 0.084 

2.342bc 

± 0.092 
2.131de 
± 0.138 

2.064cd 

± 0.14 
1.872d 
± 0.127 

OA+ SC+ Vit.C 2.015a 
± 0.138 

2.437abc 

± 0.158 
2.404bcd 
± 0.126 

2.395bc 

± 0.132 
2.46bc 

± 0.172 

 
        * Values are means ± SE 

        a,b,c,d,e …Means in the same trait and column with different superscriptsare significantly differentent  (P<  0.05). 

 

The negative effects of OA on serum blood proteins of broilers 

observed in the present study are in agreement with the previous 

investigations. Huff and Ruff (1982), Campbell et al. (1983) and 

Richardi and Huff (1983) explained that feeding male broiler chicks a 

contaminated diets with OA at the dose levels of  0.5, 1, 2, 4 and 8 µg / 

g feed for the first 3 weeks of age caused  significant decreases in TP, 

Alb and Glob at dose levels of 2 µg / g feed and above. Also, Kubena et  

al. (1983, 1988 and 1989) found that serum TP and Alb levels were 

significantly depressed in male broiler chicks fed a starter diet 

supplemented with OA at a level of 3, 2.5, and 2 µg / g feed 
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respectively for the period from 21 to 26 days. They attributed this 

depression in blood proteins to the decrease in protein absorption and / 

or utilization or to the inhibition of protein synthesis by this mycotoxin. 

Similar decreases in blood proteins were reported when OA was 

administered to broiler chicks at 130-790 µg / kg or 567 µg / kg feed 

(Stoev et al., 2000 and Garcia et al., 2003, respectively) and at 0.5 - 4 

mg / kg feed (Huff et al., 1992; Gentles et al., 1999; Santin et al., 

2002a; Kumar et al., 2003; Patil et al., 2005; Koynarski et al., 2007 and 

Sawale et al., 2009). They suggested that the low TP concentrations 

might have been due to the decrease in Alb and Glob levels or to the 

degeneration of endoplasmic reticulum that led to pathological changes 

in the liver that in turn caused a reduction in hepatic protein synthesis.  

Sakhare et al. (2007) used the same levels of OA (200 ppb) as in 

the present study and reported that there was significant decreases in 

serum proteins (TP, Alb and Glob) at 21 days of age and these 

reductions were more noticeable at 42 days of age, indicating that the 

effects of OA was time-dependent. They concluded that the reduction 

in blood proteins induced by OA could be due to pathological changes 

in liver provoked by OA. Similar results were also reported as OA was 

added as a supplement to broiler diets at 50 and 100 ppb (El-Barkouky 

and Abu-Taleb, 2008) and at 400 and 800 ppb (Hatab, 2003 and 

Elaroussi et al., 2008).  

A change in serum proteins are very sensitive indicators of 

ochratoxicosis and reflect liver function. Signs of liver disease were 

further supported by the significant decreases in TP, Alb and Glob of  

OA-treated groups, as OA is known to inhibit hepatic protein synthesis. 
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The low level of albumin and globulin observed in this study in OA 

treated birds may be due to decreasing the synthesis in the liver due to 

hepatic toxicity or may be due to its loss in urine as a result of renal 

impairment (as reflected by the increased serum uric acid and 

creatinine also observed in this study).  

The beneficial effects of adding Sc alone or combined with vit.C 

in diminishing the negative effects of OA on blood proteins of broiler 

chicks in the present study were also demonstrated.  Baily et al. (1990), 

Bradley et al. (1994) and Agawane and Lonkar (2004),who found that 

presence OA in broiler diets at 0.5 ppm caused significant decreases in 

TP, Alb, and Glob. Asignificant improvement was observed in blood 

serum proteins as a result of addition probiotic containing 

saccharomyces yeast culture at 10 mg/kg diet to intoxicated broilers.  

In this respect, Elbarkouky (2008) found that supplementation of 

broiler diets with Sc at 200 mg / kg abolished the significant reductions 

in  TP, Alb and Glob as results of presence of OA at 50 or 100 ppb in 

broiler diets. Also, Khalil (2008) observed that the presence of OA in 

ration of growing Japanese quail at 16.5 ppm (50 ug / bird / day) 

caused significant reductions in TP, Alb and Glob. Supplemented quail 

diet with Sc at 2gm / kg ameliorated all the negative effects observed 

by OA. Moreover, Raju and Devegowda (2000) reported significant 

ameliorations in the multiple mycotoxins-dependent detrimental effects 

in broilers for 21 and 35 days as a result of the addition of esterified-

glucomannan (EG) to broiler contaminated diets. They found that 

serum protein content was depressed in broilers fed a diet contaminated 

with multiple mycotoxins (OA; 2 ppm, AF; 0.3 ppm and T-2; 3 ppm) 
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singly or in combination. Inclusion of EG to broiler diets at 1g / kg 

increased (14.7%) the serum proteins of the birds affected by 

mycotoxins, indicating its beneficial effect on mycotoxicosis in broiler 

chickens. The same explanation was also concluded by Swamy et al. 

(2002), who suggested that an adsorbent consisting of EG at 0.2 % has 

been effective in ameliorating the toxic effects of multiple mycotoxins  

 Furthermore, Biernasiak et al. (2006) reported that the use of 

microorganisms as adsorbents is a successful strategy for the 

management of mycotoxins in animal feeds. They concluded that Sc 

had unique OA and aflatoxin decontamination properties. They 

suggested that mycotoxin decontamination by Sc functions is a result of 

adhesion to the cell wall surface. In addition to the mycotoxin binding 

capacity of Sc, there is also a nutritional value with essential amino 

acids, vitamins and minerals, which are vital for animal health and 

performance.  

b. Liver function (AST and ALT enzymes) 

Data presented in Table (17) show the effects of dietary 

treatments by OA, Sc and vit.C individually and in combination for 5 

weeks on liver functions of broiler chicks determined by the serum 

concentration of aspartate amino transferase (AST) and alanine amino 

transferase (ALT) in broiler chicks. 

Results in Table (17) indicate that at 3 weeks of age and 

thereafter, broiler chicks fed supplemented diets with OA at 200 ppb 

(OA group) showed abrupt significant increase in serum concentrations 

of liver enzymes (AST and ALT) when compared with those received  

a diet free from OA (except AST of Sc + vit.C group at 3 week of age).  
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Table 17. Effect of OA, Sc and vit.C supplementation on serum                     
                 concentration of AST and ALT of broiler chicks.     

Aspartate amino transferase (AST) (µ / ml) 
              weeks        
groups Week 1 Week 2 Week 3 Week 4 Week 5 

control *28.91a 
± 1.88 

30.635ab 

± 1.79 
30.427bc 

± 2.24 
29.549bc 

± 1.91 
32.349bcd 

± 2.37 

Sc 30.133a 
± 2.20 

25.120b 

± 2.19 
27.211c 

± 2.22 
28.849c 
± 2.05 

27.924d 
± 2.12 

Vit.C 29.963a 
± 2.64 

32.428a 

± 2.07 
29.858bc 

± 3.07 
32.392bc 

± 2.54 
31.117cd 
± 2.574 

SC + Vit.C 26.542a 

± 2.34 
29.154ab 

± 2.58 
32.061abc 

± 2.41 
30.728bc 

± 2.74 
30.218d 

± 2.01 

OA 30.122a 
± 2.27 

34.605a 
± 2.83 

39.364a 

± 2.23 
46.041a 

± 1.80 
51.150a 

± 1.97 

OA + Sc 29.871a 
± 2.0 

33.122a 

± 2.25 
35.467abc 

± 2.62 
36.683b 

± 2.11 
39.217b 

± 2.78 

OA + Vit.C 28.456a 
± 2.03 

34.409a 

± 2.71 
38.151ab 
± 3.13 

43.960a 

± 1.95 
49.055a 
± 2.03 

OA+  SC+ Vit.C 30.214a 
± 1.85 

32.812a 

± 1.9 
33.918abc 

± 2.65 
35.922bc 

± 2.72 
37.871bc 
± 2.40 

Alanine amino transferase (ALT) (µ / ml) 

control 
*40.346a 
± 1.30 

39.541a 
± 1.50 

37.832c 
± 1.47 

40.648c 
± 1.56 

41.746bc 
± 1.78 

Sc 37.497a 
± 1.76 

38.238a 
± 1.68 

40.025bc 
± 1.87 

40.210c 
± 1.90 

38.641c 
± 1.66 

Vit.C 39.439a 
± 1.56 

40.361a 
± 1.75 

39.945bc 
± 1.79 

42.016c 
± 1.61 

40.839bc 
± 1.73 

SC + Vit.C 40.254a 
± 1.94 

40.119a 
± 2.00 

38.520bc 
± 1.95 

39.252c 
± 1.83 

39.871bc 
± 1.80 

OA 41.899a 
± 2.01 

43.233a 
± 1.90 

46.510a 
± 1.73 

50.287a 
± 1.67 

52.568a 
± 1.60 

OA + Sc 40.411a 
± 1.67 

40.908a 
± 1.83 

42.139abc 
± 2.09 

43.969bc 
± 1.93 

45.209b 
± 1.85 

OA + Vit.C 42.134a 
± 1.81 

42.541a 
± 2.05 

44.433ab 
± 1.89 

47.892ab 
± 1.70 

50.678a 
± 1.79 

OA+ SC+ Vit.C 41.126a 
± 1.85 

40.639a 
± 1.98 

41.823abc 
± 1.91 

44.034bc 
± 2.02 

45.177b 
± 1.91 

 

     * Values are means ± SE 

      a,b,c,d …Means in the same column with different superscripts are significantly differentent (P<  0.05) 
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It could be noticed also that the serum transaminase values (AST 

and ALT) were progressively increased from the first week to the end 

of experiment in all OA-fed groups, reflecting that OA caused a 

detrimental effect on the liver functions through its effects on serum 

transaminase activity. 

Addition of Sc and / or vit.C to broilers fed OA- free diets did 

not show any differences between each other in the values of AST and 

ALT.  On the other hand, dietary supplementation with Sc individually 

or in combination with vit.C to broiler chicks fed contaminated diets 

with OA diminished the negative effects of OA on liver enzymes 

numerically at first 3 weeks of age and significantly at 4 and 5 weeks of 

age. In this regard, the present results showed that addition of vit.C 

alone to broiler chicks fed OA contaminated diets did not develop any 

alteration in the values of AST and ALT as compared with OA group. 

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. Moreover, elevation in serum activity of AST and 

ALT demonstrated liver dysfunction and necrosis,since serum 

transaminases are considered very sensitive indicators of liver cell 

damage and their activities increase in the conditions that produce 

hepatic dysfunction (Harper et al., 1977).   

In the present study, serum levels of those two enzymes were 

estimated as physiological indicators for liver function during 

ochratoxicosis in broilers. In this respect, Bailey et al. (1989) reported 

that AST activity was significantly higher among the broilers fed 2 µg 
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OA / g feed for 3 weeks of hatch when compared with the controls. 

They added that AST, that exists as a cytoplasmic and mitochondrial 

enzyme and is most abundant in the liver, heart and skeletal muscles 

and in a clinical sense, elevated activities and this indicates myocardial 

infarction, liver disease or muscle atrophy. Similar results to that 

obtained in this investigation were reported by Raina et al. (1991), 

where serum enzyme levels of AST and ALT were increased 

progressively in OA-treated broilers from 14-day post feeding with the 

1 µg / g feed of OA from 7 to 49 days of age. They attributed the 

increased levels of both enzymes in the broiler serum to cellular 

damage and increase plasma membrane permeability.  

At the same time, current results also agree with the reports of 

Santin et al. (2002a) and Kumar et al. (2003), who mentioned that 

presence of OA in broiler diets negatively influenced serum 

concentrations of liver enzymes. Serum concentrations of AST and 

ALT were significantly increased in the broilers intoxicated with 2 ppm 

OA from hatching to 5 weeks of age. In this regard, Hatab (2003), Patil 

et al. (2005) and Elaroussi et al. (2008) observed significant increases 

in AST and ALT levels in broilers fed OA supplementated dietary from 

400 up to 800 ppb for 5 weeks after hatch. Serum levels of AST and 

ALT were used as physiological indicators for liver function, where 

increasing AST and ALT concentrations reflects amino acid imbalance, 

a condition that results from protein catabolism reflecting liver stress, 

which in turn leads to liver cell necrosis indicating impaired liver 

function and appearing liver diseases in broilers exposed to this toxin.  



 141

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 OA intoxication. Similarly, Hanif et al. (2008) explained 

that broiler chicks fed artificially contaminated diet with OA 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 OA was less marked than 1 ppm, 

indicating that the effects of OA were dose – dependent.  

On the other hand, present results are in disagreement with those 

of Kubena et al. (1983, 1985, 1989 and 1997), Bailey et al. (1990) and 

Huff et al. (1992). They reported that there were no appreciable 

changes or significant differences in serum AST and ALT activities of 

male broiler and Leghorn chicks fed starter diets supplemented with 

OA 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 

concentrations were not affected when Hi - sex Brown laying hens, 47 

weeks of age were fed a ration contaminated with 2 mg pure crystalline 

OA / kg diet for 3 weeks.  

Results obtained in the present study indicated that no 

significant differences were observed when broilers were supplemented 

with Sc or vit.C and fed free OA diets on values of AST and ALT. 

Sarica et al. (2005) stated that addition of MOS in broiler and laying 

hen diets did not affect serum AST and ALT concentrations. Also, El-

Sheikh et al. (2009) reported that dietary supplementation with MOS to 

laying hens had no effects on serum concentration of AST and ALT. 
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On the other hand, current results showed that dietary 

supplementation with Sc individually or in combination with vit.C to 

the broiler, fed diet contaminated with OA alleviated the negative 

effects of OA 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 mg/kg of feed to broiler feeds showed 

beneficial effects in decreasing serum ALT enzyme when OA was at 

0.5 ppm. They indicated that increasing serum concentration of ALT in 

broilers fed OA-containing diets may be due to the damage of 

hepatocytes releasing the enzyme after the damage. The decrease in  

the enzyme concentration in broilers administered with Saccharomyces 

boulardii indicated reduction of  the adverse effects of OA due to its 

less absorption in the body. They also concluded that a saccharomyces 

boulardii secret protease, a toxin binding enzyme, that binds to toxin 

receptor on the epithelial cells of the gastro - intestinal tract and 

enzymatically modifies them. Thus, toxin cannot damage the 

epitheliums, which lead to less absorption and less effect of OA. Raju 

and Devegowda (2000) reported that incorporated esterified-

glucomannan (EG) at a level of 1g/kg feed into the diets of broiler 

chicks fed the diet contaminated with multiple mycotoxins (ochratoxin, 

aflatoxin and T-2) individually and in combination resulted in 

depressed activities of serum AST and ALT that were elevated by 

mycotoxins, indicating its possible beneficial effect on mycotoxicosis 

in broiler chicks. Also, Swamy et al. (2002) suggested that an 

adsorbent consisting of esterified glucomannan (EG) has been effective 
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in ameliorating the toxic effects of multiple mycotoxins present in 

naturally contaminated feed. They hypothesized that the mycotoxins 

are trapped in the glucomannan matrix preventing its absorption from 

the intestine.  

Furthermore, Devegowda (1997) and Dvorska and Surai (2001) 

concluded that the effect of EG, a cell wall of Sc counteracting the 

effects of mycotoxins, might be attributed to mycotoxin adsorption 

ability that blocks colonization of pathogens in the gastrointestinal 

tract, and to its inhibitory effect on liver antioxidant depletion.  
 

c. Kidney functions (uric acid and creatinine concentrations) 

Measurement of serum concentrations of uric acid and 

createnine, are the most sensitive 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 uric acid and 

createnine were directly affected by OA supplementation (Table 18).  

The presence of OA in the broiler diets with or without vit.C 

(OA and OA+ vit.C group, respectively) resulted in a significant 

increase in serum uric acid concentration compared with those of  OA 

– free diet groups as early as 2 weeks of age and thereafter and 

compared with those of  OA + Sc or OA+ Sc + vit.C at 4 and 5 weeks 

of age. Similar pattern was observed in creatinin concentration at three 

weeks and thereafter. These increases in uric acid and creatinine 

concentrations were more progressive and pronounced with age or 

with prolongation of exposure time. 

On the other hand, dietary supplementation with Sc or vit.C 

singly or in combination to groups fed OA- free diets did not shows 
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Table 18. Effect of OA, Sc and vit.C supplementation on serum  
     concentration of uric acid and creatinine of broiler chicks.     

Uric acid (mg %) 
              weeks        
groups Week 1 Week 2 Week 3 Week 4 Week 5 

control 
*3.711a 

± 0.24 
3.916b 

± 0.27 
4.252bc 

± 0.21 
4.039c 

± 0.24 
4.181d 

± 0.25 

Sc 3.844a 
± 0.34 

3.786b 

± 0.25 
4.308bc 

± 0.25 
4.344bc 
± 0.21 

4.393cd 
± 0.22 

Vit.C 4.116a 
± 0.28 

4.302ab 

± 0.27 
4.500bc 

± 0.30 
4.599bc 

± 0.27 
4.767bcd 
± 0.28 

SC +  Vit.C 4.085a 

± 0.30 
4.405ab 

± 0.26 
3.985c 
± 0.32 

4.402bc 

± 0.30 
4.589bcd 

± 0.26 

OA 4.321a 
± 0.37 

4.943a 
± 0.33 

5.476a 

± 0.23 
6.21a 

± 0.18 
6.923a 

± 0.20 

OA + Sc 4.155a 
± 0.40 

4.449ab 

± 0.29 
4.714abc 

± 0.27 
4.823bc 

± 0.28 
4.971bc 

± 0.24 

OA +  Vit.C 4.266a 
± 0.36 

4.914a 

± 0.25 
5.368a 
± 0.24 

6.233a 

± 0.22 
6.887a 
± 0.19 

OA+  SC + Vit.C 4.219a 
± 0.27 

4.621ab 

± 0.35 
4.902ab 
± 0.29 

5.091b 

± 0.31 
5.288b 
± 0.25 

Creatinine (mg %) 

Control 
*0.409 a 

± 0.04 
0.388a 

± 0.032 
0.403bc 

± 0.023 
0.414bc 

± 0.027 
0.397cd 

± 0.032 

Sc 0.391a 
± 0.049 

0.398a 

± 0.034 
0.382c 

± 0.023 
0.379c 

± 0.027 
0.393d 
± 0.027 

Vit.C 0.400a 
± 0.03 

0.412a 

± 0.04 
0.395c 

± 0.024 
0.407bc 

± 0.033 
0.435bcd 
± 0.03 

SC +  Vit.C 0.415a 

± 0.045 
0.394a 

± 0.047 
0.421bc 
± 0.03 

0.430bc 

± 0.034 
0.419bcd 

± 0.035 

OA 0.437a 
± 0.057 

0.490a 
± 0.044 

0.580a 

± 0.036 
0.646a 

± 0.03 
0.715a 

± 0.026 

OA + Sc 0.411a 
± 0.034 

0.428a 

± 0.041 
0.436bc 

± 0.033 
0.481b 

± 0.035 
0.504b 

± 0.033 

OA +  Vit.C 0.426a 
± 0.05 

0.441a 

± 0.043 
0.494ab 
± 0.032 

0.593a 

± 0.032 
0.668a 

± 0.029 

OA+  SC+  Vit.C 0.418a 
± 0.046 

0.424a 

± 0.039 
0.442bc 
± 0.037 

0.468bc 

± 0.033 
0.492bc 
± 0.031 

 

     * Values are means ± SE 

      a,b,c,d …Means in the same column with different superscripts are significantly differentent  (P<  0.05) 
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any significant differences between each other in the value of uric acid 

and creatinin concentrations.  

At the same time, addition of Sc alone or combined with vit.C to 

broiler chicks fed diet contaminated diet with OA diminished the toxic 

action of OA on the uric acid and creatinine concentrations of broilers. 

No significant differences were observed in serum contents of uric acid 

and creatinine when the broilers fed OA-free diets were compared with 

those fed OA–containing diets supplemented with Sc singly or 

combined with vit.C. This result reflected the beneficial role of Sc in 

reducing the negative effects of OA on kidney functions of broilers.  

On the contrary, present results revealed that the negative effects 

of OA on serum uric acid and creatinine concentrations of broilers 

cannot be prevented or ameliorated by the addition of vit.C alone to 

OA-fed birds (OA + vit.C group), which also recorded a higher 

concentration of uric acid in their serum approximately equal to that of 

OA group.  

The significant increased levels of uric acid and creatinine in the 

OA-treated birds are consistent with previous reports showing that 

serum concentrations of uric acid and creatinine were significantly 

increased in broilers subjected to consuming OA-supplemented diets at 

dietary levels of 130, 305 or 790 µg / kg (Stove et al., 2000 and 2002a), 

0.5 mg / kg (Ayed et al., 1991), 567 µg / kg (Garcia et al., 2003), and 

0.75, 1.5 and 3 mg / kg (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 uric acid and creatinine 

levels were significantly elevated by 42.5 and 17.2 % respectively 
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when broiler chicks were fed a diet contaminated with 2 or 3 ppm OA. 

They indicated that uric acid is the primary product of nitrogen 

catabolism in chickens and is excreted by the kidney. The elevation in 

the serum uric acid and creatinine levels was accompanied by the 

increase in relative kidney weight in the OA-fed chicks indicating 

impaired renal excretory functions.  

Similar results were also reported by Manning and Wyatt 

(1984). They suggested 40 % increase in uric acid concentration in 

broiler chicks fed OA-supplemented diets at 3 µg / g feed, indicating 

that kidney function was severely impaired and that the kidney is the 

primary site of action of OA. Furthermore, uric acid and creatinine 

concentrations were also reported to increase significantly when OA 

was fed as dietary supplementation to broilers at levels ranging from 1 

– 4 mg / kg feed for 3 weeks of hatch (Huff et al., 1988; Baily et al., 

1989; Gentles et al., 1999 and Kumar et al., 2003). They concluded 

that OA is a nephrotoxin in broiler chicks that induced reduction in the 

rate of glomerular filtration, caused by impaired renal function. Also, in 

another study, Huff et al. (1992) pointed out that serum uric acid 

concentration was significantly increased by 54% than the controls in 

male broiler chicks fed  OA-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 OA 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. They established kidney histopathological changes in OA-treated 
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chicks corresponded well to the increases in the serum concentrations 

of uric acid and creatinine, indicating that the kidney function was 

severely impaired which may additionally have contribute to the 

decrease of the serum total protein by increasing its urinary excretion. 

In addition, the present results are in agreement with the results 

reported by Sakhare et al. (2007), that dietary OA supplementation to 

broiler chicks at 200 ppb for 6 week of hatch caused significant 

increases in serum concentrations of uric acid and creatinin as opposed 

to the control group. Furthermore, Hatab (2003) and Elaroussi et al. 

(2008) observed significant increases in serum uric acid and creatinine 

levels in the OA-treated broilers at levels of 400 or 800 ppb for the first 

35 days of age. In addition, histological changes were detected in these 

groups, which in turn indicated an impairement in renal function, and 

confirmed that kidney is a major and primary site for OA toxic action. 

The negative effects of OA on serum contents of uric acid and 

creatinine in broilers were also reported in laying birds. In this respect, 

Hoehler and Marquardt (1996) and Denli et al. (2008) supplemented 

the diets of one-day old male Leghorn chicks and 47 weeks old Hisex 

Brown laying hens, with OA at dietary concentrations of 2 to 2.5 ppm, 

respectively. Significant increase in the serum concentration of uric 

acid wer observed in both experiment, and reached to 5.7 mg /dl in the 

47- week hens compared 3.3 mg/dl for the controls.  

Agawane and Lonkar (2004) reported that presence of OA in 

broiler diets at 0.5 ppm caused a significant increase in creatinine 

concentration of broilers. They attributed this increase in creatinin 

concentration in the toxin fed birds might be due to the nephrotoxic  
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action of OA, which caused renal impairment by destruction of 

epithelial cells of proximal and distal convoluted tubules and tubular 

damage. On the other hand, significant improvement in creatinine 

concentration of broilers was observed as a result of addition probiotic 

containing yeast culture Saccharomyces boulardii at 10 mg /kg to 

broiler diets intoxicated with OA.  

In this respect, Basmacıoglu et al. (2005) reported that the 

addition of esterified glucomannan; (EG) at 0.5 and 1 g/ kg to the AF-

containing diet significantly recovered the adverse effects of AF on 

serum content of creatinine in broilers treated with 2 mg total aflatoxin 

in their diets through 21 days after hatch. Also, Lawlor and Lynch 

(2005) indicated that MOS has been found to effectively bind 

ochratoxins and aflatoxin. This product has advantage over other 

binding agents in that it does not bind vitamins or minerals.  
 

The efficacy of vit.C alone in ameliorating the toxic effects of 

OA on serum contents of uric acid and creatinin of broilers in the 

present study is in accordance with those of Hoehler and Marquardt 

(1996). Where the concentration of uric acid in the plasma of Leghorn 

chicks increased when OA was added at 2.5 mg / kg of diet and 

supplementation of the diet with vit.C (200, and 1,000 mg/kg of diet) 

did not produce any beneficial effects against the detrimental effects of 

OA.  Furthermore, addition of vit.C at 300 mg / kg diet did not prevent 

the negative effects of OA at 200 ppb on the performance and serum 

biochemical measurements in broilers (Elbarkouky et al., 2010). 
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d. Thyroid hormones (triiodothyronine (T3) and thyroxine (T4)          
Data presented Table (19) indicate that supplemented broiler 

diets with OA at 200 ppb resulted in a significant effect in increasing 

serum concentration of T3 and in decreasing serum concentration of T4.  

Serum T3 concentration was increased significantly in birds fed 

OA- supplemented diet singly (OA group) as early as 2 weeks of age 

onward to reach about 40, 46, 32 and 48 % increase at the end of 

experiment when compared with the experimental groups received a 

diet free from OA (control, Sc, vit.C and  Sc +  vit.C respectively ).  

On the other hand, an inverse relationship was observed 

concerning the effects of OA on serum T4 concentration of broilers. 

Presence of OA in the broiler diets (OA group) caused numerical 

decrease in T4 concentration from the 1st to 3rd weeks of age and this 

decrease was significant at the 4th and 5th weeks as compared with OA- 

free diet groups. Serum T4 concentration was decreased by almost 

double in broilers fed OA individually supplemented birds (OA group) 

in comparison with the experimental groups fed OA-free diets at the 

end of experiment at 5 weeks.  

Dietary supplementation with Sc and / or vit C did not show any 

significant differences in serum contents of T3 and T4 between the bird 

groups fed OA- free diets.  With noticed that the birds supplemented in 

their diets with Sc singly or combined with vit.C recorded a numerical 

decrease in T3 and a numerical increase in T4 when compared with the 

control birds.  

Significant decreases in serum T3 concentrations at 3 weeks and 

thereafter and numerical increases in serum T4 concentration  
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 Table 19. Effect of OA, Sc and vit.C supplementation on serum  
       concentration of T3 and T4 of broiler chicks.     

Triiodiothyronine (T3) (ng /dl) 
              weeks        
groups Week 1 Week 2 Week 3 Week 4 Week 5 

control 
*303.5a 

± 15.17 
245.98bc 

± 10.65 
191.30cde 

± 10.35 
175.24bc 

± 12.02 
155.92cd 

± 11.58 

Sc 284.14a 
± 11.92 

233.40c 

± 12.80 
176.44de 
± 11.17 

149.52c 
± 11.22 

140.28d 
± 10.94 

Vit.C 291.86a 
± 13.55 

257.80abc 
± 14.89 

202.54bcd 
± 13.36 

171.44bc 
± 12.51 

177.16bc 
± 12.63 

SC +  Vit.C 288.64a 
± 13.97 

248.62bc 
± 12.69 

163.96e 
± 12.28 

166.36bc 
± 12.82 

136.12d 
± 10.56 

OA 326.18a 
± 16.77 

293.22a 
± 13.84 

311.66a 
± 10.02 

252.96a 
± 10.39 

261.54a 
± 9.91 

OA + Sc 310.90a 
± 12.31 

271.58abc 
± 13.95 

221.52bc 
± 11.05 

189.62b 
± 13.17 

192.34b 
± 12.35 

OA +  Vit.C 316.80a 
± 19.22 

281.64ab 
± 15.37 

293.76a 
± 10.15 

241.18a 
± 11.31 

233.72a 
± 11.76 

OA+  SC + Vit.C 296.96a 
± 11.59 

265.64abc 
± 13.45 

230.34b 
± 13.10 

202.24b 
± 12.16 

195.46b 
± 12.73 

 

Thyroxine (T4) (ng / dl) 

Control 
*1.342a 
± 0.17 

1.779ab 
± 0.23 

2.017abc 
± 0.25 

2.319ab 
± 0.24 

2.797abc 
± 0.25 

Sc 1.600a 
± 0.19 

2.216a 
± 0.25 

2.225ab 
± 0.24 

2.701ab 
± 0.20 

3.112a 
± 0.21 

Vit.C 1.444a 
± 0.21 

 

1.755ab 
± 0.22 

1.916abc 

± 0.26 
2.432ab 
± 0.27 

2.952ab 
± 0.20 

SC + Vit.C 1.721a 
± 0.17 

1. 932ab 
± 0.20 

2.416a 
± 0.21 

2.821a 
± 0.22 

3.051a 
± 0.23 

OA 1.199a 
± 0.14 

1.367b 
± 0.18 

1.290c 
± 0.19 

1.441c 
± 0.21 

1.486e 
± 0.20 

OA + Sc 1.308a 
± 0.23 

1.580ab 
± 0.22 

1.739abc 
± 0.23 

1.977bc 
± 0.28 

2.221bc 
± 0.22 

OA +  Vit.C 1.247a 
± 0.18 

1.470b 
± 0.16 

1.503bc 
± 0.20 

1.578c 
± 0.20 

1.650de 
± 0.21 

OA + SC + Vit.C 1.293a 
± 0.19 

1.614ab 
± 0.20 

1.795abc 
± 0.23 

2.022bc 
± 0.26 

2.287bcd 
± 0.24 

 

     * Values are means ± SE 

     a,b,c,d,e …Means in the same column with different superscripts are significantly different (P<  0.05). 
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throughout the experimental period (significant increase only at 5 

weeks) were observed as results  of addition of Sc and Sc + vit.C to 

broiler chicks fed OA- containing diets than that of broilers fed OA-

supplemented diet alone (OA group). These results reflect the 

beneficial effects of Sc and Sc + vit.C in alleviating the negative effects 

of OA on T3 and T4 of broilers. 

On the other hand, addition of vit.C singly to broiler chicks 

during ochratoxicosis (OA+ vit.C group) did not show any beneficial 

role in ameliorating the toxic effects of OA on thyroid hormones of 

broilers. No significant differences were observed in serum 

concentrations of T3 and T4 when comparing between OA group and 

OA+ vit.C group along the experimental period.  

The deleterious effects of OA on thyroid hormone activities (T3 

and T4) of broilers obtained in this study were in agreement with the 

results reported by Hatab (2003), who found that the presence of OA  

in the broiler diets caused a significant increase in the serum T3 and a 

significant decrease in T4 concentration than that of the control birds. 

Similarly, Elaroussi et al. (2006) found a significant increase in T3 

concentration and a significant decrease in T4 in serum of broilers 

subjected to intoxication with OA in their diets. They concluded that 

decreased feed consumption and body weight of OA-fed birds may 

have resulted from the decreased serum T4 and the increased serum T3. 

Moreover, El-Barkouky and Abu-Taleb (2008) noticed also that 

supplementing broiler diets with OA at dose levels of 50 or 100 ppb 

and fed to broilers for the first 5 weeks of age caused a significant 

increase in serum T3 concentrations at both examined OA levels than 
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that of  the control chicks. They noted also that the effects of OA were 

dose – dependent.  

The present results indicate that T4 concentration (Table 19) and 

body weight (Table 7) of bird groups fed OA- free diets were higher 

than OA-treated groups. This is in accordance with those reported by 

May (1980) and Wenworth and Ringer (1986), that T3 and T4 had 

significant effects on growth and feed efficiency of broiler chicks. In 

addition, Peebles and Marks (1991) found that the thyroid gland plays a 

major role in the regulation of growth in birds. Scanes et al. (1984) 

stated that thyroid hormones are required for normal growth, where 

thyroxine secretion rate appears to correlate with faster growth rates.  

Moreover, the present results revealed that the serum 

concentration of T4 was increased with age in all groups. Similar results 

were obtained by Burke and Marks (1984), McMurtry et al. (1988), and 

Chandra et al. (1992). They found that thyroxine secretion or 

circulating thyroxine concentration increased with age.   

The adverse effects of OA on thyroid hormones of broilers as 

observed in the current study were alleviated by inclusion of Sc either 

alone or combined with vit.C. In this respect, Biernasiak et al. (2006) 

reported that the use of microorganisms as adsorbents is a successful 

strategy for the management of mycotoxins in animal feeds. They 

suggested that OA decontamination by Sc functions is a result of 

adhesion of OA to the cell wall surface of Sc. Moreover, Elbarkouky 

(2008) and Elbarkouky et al. (2010) indicated that addition of Sc to 

broiler diets provided the partial protection against the toxic effects of 

OA.  
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5. Immunological parameters 

One of the most profound effects of OA is its ability to impair 

the immune system functions. The effects of OA on immunity and 

resistance are often difficult to recognize, because the signs of disease 

are associated with the infection rather than the toxin that predisposed 

the animal to infection.  

Regardless dietary supplementation, antibody produced against 

Newcastle disease virus (NDV) or Sheep red blood cells (SRBC) 

increased gradually after immunization and reached to maximum level 

at 7 days post immunization, and then declined again. This 

phenomenon is in agreement with the interpretation of Kuby (1994), 

who explained that the primary response is characterized by lag phase, 

during which the B cells undergo clonal selection in response to the 

antigen and differentiate into plasma cell and memory cells. The lag 

phase is followed by a logarithmic increase in serum antibody level, 

which reaches the peak, plateaus for available time, and then declines. 

In case of antigen such as SRBC, the lag phase lasts 3-4 days; peak 

plasma cell levels are attained within 4-5 days; and peak serum 

antibody level is attained by 5-7 days. This time frame allow eight or 

nine successive cell division within 4 to 5 day period generating 

plasma and memory cells. The memory B cells formed during a 

primary response stop dividing and enter the G0 phase of cell cycle.  

The current results obtained in this study and presented in Table 

(20) demonstrate that both OA and OA+ vit.C groups had inferiority in 

antibody titers against NDV and SRBC. This inferiority was 

significantly behind all OA-free diet groups at most days post 
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             Table 20. Effect of OA, Sc and vit.C supplementation on antibody titer against SRBC and   
                              NDV after 3, 7 and 10 days post immunization 
 

HA titer against SRBCs HI titer against NDV 

Days post immunization          Days post immunization 

        
         
 
Treatment 3 7 10 3 7 10 

Control 
*3.60ab 
± 0.40 

5.60ab 
± 0.51 

4.40ab 
± 0.68 

*3.40ab 
± 0.51 

6.40abc 
± 0.60 

5.60ab 
± 0.51 

 

Sc 4.00a 
± 0.45 

6.40ab 
± 0.60 

4.40ab 
± 0.51 

4.00a 
± 0.32 

7.20ab 
± 0.58 

6.00a 
± 0.55 

Vit.C 4.20a 
± 0.37 

6.60ab 
± 0.51 

5.00a 
± 0.71 

4.00a 
± 0.45 

6.80abc 
± 0.49 

6.20a 
± 0.49 

Sc +  Vit.C 4.60a 
± 0.40 

7.00a 
± 0.55 

5.20a 
± 0.66 

4.20a 
± 0.37 

7.80a 
± 0.37 

6.60a 
± 0.51 

OA 1.60c 
± 0.68 

3.00d 
± 0.55 

1.40c 
± 0.40 

1.60c 
± 0.51 

4.20d 
± 0.37 

2.80d 
± 0.37 

OA+ Sc 2.20bc 
± 0.66 

4.80bc 
± 0.58 

2.20c 
± 0.49 

2.20bc 
± 0.37 

5.40bc 
± 0.51 

4.00cd 
± 0.45 

OA+  Vit.C 2.00bc 
± 0.55 

3.80cd 
± 0.66 

1.80c 
± 0.58 

2.00c 
± 0.55 

4.40d 
± 0.40 

2.80d 
± 0.49 

OA+ Sc +  Vit.C 2.20bc 
± 0.58 

 

5.00bc 
± 0.55 

2.80bc 
± 0.58 

2.80abc 
± 0.37 

6.00b 
± 0.45 

4.40bc 
± 0.40 

  
                        * Values are means ± SE 

         a, b,c,d …Means in the same column with different superscripts are significantly different (P ≤ 0.05) 
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immunization. At the same time, these groups had lower peak of 

antibody titer. On the other hand, Sc + vit.C group significantly 

harvested the highest antibody titer against both antigens compared to 

all groups fed OA- contaminated diets.  

Table (20) also shows that dietary supplementation with Sc, 

vit.C and Sc + vit.C to broiler chicks for 5 weeks of age led to 

numerical increase in the amount of antibody  produced against NDV 

and SRBC antigens at all  days post immunization, indicating the 

beneficial role of these supplementations on immune response in 

broilers. 

Current results also showed that supplemented broiler diets  

with Sc singly or in combination with vit.C and fed to broilers lied 

under the effect of OA, caused an increase in the antibody produced 

against NDV and SRBC antigens at all test periods when compared 

with the amount of antibody produced in birds group fed OA-  

contaminated diets singly without any supplementation (OA group). 

This increase was significantly at the 7 and 10 days and numerically at 

3 days post immunization with NDV. While this increase was only 

significant at 7 days and numerically at 3 and 10 days post 

immunization of SRBC.   

  Addition of vit.C individually to broiler chicks subjected to 

intoxication with OA in the present study did not result in any 

beneficial effects against the negative effects of OA on immune 

response. Vitamin C supplementation did not reveal any significant 

effects in antibody titer against NDV or SRBC at all test periods as 
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compared with the Ab titer produced in birds fed contaminated diets 

with OA singly without any supplementation (OA group).  

Furthermore, current results showed that no significant 

differences was observed between the control group birds and the    

bird groups supplemented with Sc or Sc + vit.C during ochratoxicosis 

in the antibody titer against both NDV and SRBC at all test periods.  

The significant decrease in antibody production against NDV 

and SRBC as results of contaminated broiler diets with OA observed in 

the present study is consistent with previous reports. Huff et al. (1979) 

found that broiler chicks fed a contaminated diet with OA showed a 

significant reduction in leucocyte count at every dose level of OA. 

They concluded that OA induced a severe leucocytopenia 

(lymphocytopenia primarily and monocytopenia to a lesser extent). 

The total number of circulating lymphocytes in blood decreased 

significantly by OA and implied that the function of immune system 

might have been altered. They suggested also that the mechanism 

whereby dietary OA causes lymphocytopenia in chickens is not clear, 

but one possible explanation would be its direct effect on the germinal 

center of lymphoid tissues. Dwivedi and Burns (1984 a and b) and 

Burns and Dwivedi (1986) found that feeding broiler chicks diets 

supplemented  with graded dietary levels of OA up to 4 mg / kg  diet 

for 20 days after hatch caused significant regressions in size of thymus, 

bursa and spleen and depressions in immunoglobulin-containing cells 

and lymphoid cell population in these lymphoid organs. 

Immunoglobulin IgG, IgA and IgM in lymphoid tissues were 
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depressed, correspondingly total immunoglobulins levels were also 

reduced in the serum.  

The same finding that reported in adult birds was also found in 

the avian embryos, Harvey et al. (1987) mentioned that when OA was 

administered to 13-day-old chicken embryos via the chorioallantoic 

membrane caused a significant reduction in the number of IgG-bearing 

cells in the bursa of Fabricius. The role of OA in decreasing IgG was 

not known but perhaps it could have related to the same mechanism 

that causes inhibition of protein synthesis and regression of the 

lymphoid organs. Furthermore, Lea et al. (1989) reported that OA had 

a potent inhibitory effect on both B and T lymphocytes.  

The present results also are in accordance with those reports by 

Effat (1989) and Elkady (1993) that OA caused a severe 

leucocytopenia in all treated broiler groups, and this was manifested 

mainly by lymphocytopenia and heterophillia. They found that OA 

lowered the protection percentage against NDV to 45.8 and 53.33 % 

for first and second reports respectively. In addition, they recorded 

lower heamagglutinin titer against NDV in OA-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 leucocytes count, 

heterophils and lymphocytes were shown in broilers receiving diet-

containing OA for the first 3 weeks of age.  They also stated that HA 

test against SRBC revealed higher titer of the control birds than other 

groups that consumed OA. A challenge test using velogenic strain of 

NDV showed that some chickens from that consumed OA were ill with 
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the characteristic symptoms of ND and others died which may indicate 

that OA had a bad effect on the immune system of the chickens.  

Mycotoxins have been implicated as potent inhibitors of the 

avian immune response by interfering with protein synthesis and 

imposing significant effects on bird health because of their interference 

with vaccination programs (Gabal and Azzam, 1998).  

Stove et al. (2000) showed that dietary supplementation with 

graded concentrations of OA and be fed to broiler chicks at 130, 305 

and 790 ppb significantly lowered HI titres against NDV as compared 

with the control chicks. Similar results were also reported by Santin et 

al. (2001a and 2002b), that feeding broiler chicks on OA-supplemented 

diets at a level of 2 ppm resulted in lower vaccinal titers of NDV than 

the titers produced in the control chicks, showing the interference of 

this mycotoxin on the humoral immune response of broilers. 

Furthermore, Haemagglutination (HA) titre against SRBC was 

significantly decreased in chicks given 1 to 4 ppm OA in their diet 

compared with that of the control birds (Ramadevi et al., 1996 and 

Verma et al., 2004).  O’Brien and Dietrich (2005) attributed OA-

impaired immunity to the reduction in the proliferating, activation and 

differentiation of lymphocytes. 

In this respect, Hatab (2003) and Elaroussi  et al. (2006 and 

2008) fed broiler chicks for the first 35 days of age on basal broiler 

diets artificially contaminated with OA at two dietary concentrations of 

0.4 and 0.8 ppm to study the effects of presence OA on the immune 

response to the immunization with NDV and SRBC. Significant sharp 

reduction in antibody titer at all test periods (3, 7 and 10 days post 
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immunization) in both ochratoxicated groups of birds (high and low 

level of OA) when compared with the amount of antibody produced in 

the control birds.  

In addition, AL-Anati and Petzinger (2006) reported that the 

immunosuppressant activity of OA is characterized by size reduction of 

vital immune organs such as thymus, spleen, and lymph nodes, 

depression of antibody responses, alterations in the number and 

functions of immune cells and modulation of cytokine production. The 

immunotoxic activity of OA probably results from degenerative 

changes and cell death following necrosis and apoptosis, in 

combination with slow replacement of affected immune cells, due to 

inhibition of protein synthesis. Sakhare et al. (2007) mentioned that 

dietary OA supplementation to broiler chicks for 6 week of age at a 

level of 200 ppb significantly reduced the development of humoral 

immune response assessed by estimating HI titer at weekly intervals 

against NDV post vaccination compared to the control. They concluded 

that the reduced immune response could be accounted by reduced 

protein and globulin synthesis, impaired 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 OA in the diet at 1 ppm when compared with 5.0 ± 0.29 

for  the control birds (Sawale et al., 2009).  

The immunotoxic activity of OA included reduction of the size 

of immune organs such as thymus, bursa of Fabricius and spleen. 

Further observations related to OA immunotoxicity are bone marrow 

hypocellularity and lymphocytopenia (Singh et al., 1990), and the 
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reductions in immunoglobulin and antibody response (Prior and 

Sisodia, 1982).   

The detrimental effects of OA on the humoral immune response 

of broiler chicks can be attributed to several mechanisms as follow 

1. Ochratoxin A interferes with protein, DNA and RNA 

synthesis through competitive inhibitor of phenylalanine-t-RNA 

synthetase by phenylalanine moiety of OA that lead to decrease plasma 

proteins and immunoglobulin (Hsieh, 1987 and Marquardt and 

Frohlich, 1992). 

2.  Leucocytopenia (lymphocytopenia and monocytopenia) that 

is noticed during ochratoxicosis can adversely affect immunoglobulin 

production (Campbell et al., 1983 and Effat, 1989). 

3. Inhibition of antigen processing is possible through 

monocytopenia or the bad effect of OA on macrophage and 

phagocytosis (Creppy et al., 1983a and El Kady, 1993). 

4. The decrease in the production of immunoglobulin-

containing cells and the reduction in serum immunoglobulin can be 

considered a sequel to the regression of the lymphoid organs and their 

lymphoid cell population that is found in fowl during ochratoxicosis    

( Dwivedi and Burns, 1984b and 1985).  

The ameliorative effects of adding Sc or Sc + vit.C against the 

toxic effects of OA on the immune system of broilers in the present 

study were in accordance with the report of Devegowda (1997), who 

clearly indicated the beneficial effects of viable yeast culture when 

supplemented to mycotoxins- contaminated diets in poultry 

performance. Besides the positive effects on performance, the most 
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significant contribution was on the ability to modify the immune 

response, which was reflected in the improvement in size of the bursa 

of Fabricus and increased levels of serum protein and albumin, thereby 

enhancing the levels of circulating immunoglobulins. Also, Shane 

(1999) suggested that EG reduces the immunosuppressive effect of  

mycotoxins and stimulates the immune response resulting in higher 

levels of the antibody in response to the vaccines. In this respect, EG 

supplementation was beneficial in reducing the individual and 

combined adverse effects of ochratoxin, aflatoxin, and T-2 toxin in 

broilers. Modified glucomannan also improved antibody titers against 

NDV, which was suppressed by combined dietary mycotoxins. These 

compound bind mycotoxins, stimulate the immune system and compete 

for binding sites on enterocytes and inhibit colonization of the intestine 

by pathogens. It was hypothesized that EG might trap the mycotoxin 

molecules in its glucomannan matrix and prevent toxin absorption from 

the gastrointestinal tract (Raju and Devegowda, 2000).  

 Elbarkouky (2008) also found that supplementation of broiler 

diets with Sc at 200 mg / kg diet improved Glob and WBC counts, 

which were negatively affected by OA at levels of 50 or 100 ppb. 

Khalil (2008) observed that dietary OA supplementation to growing 

quail at levels of 16.5 ppm (50 ug / bird / day) from 3 weeks old caused 

significant reduction in WBC count and phagocytic activity of 

macrophage. Furthermore, OA reduced the antibody titers against NDV 

as measured by HI test. On the other hand, supplemented quail diet 

with Sc at 2gm / kg diet ameliorated all the negative effects observed 

by OA.  
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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 vit.C during ochratoxicosis in 

this study; vit.C supplementation alone to OA- fed broilers did not 

reveal any significant effects in antibody titer against immunization 

with NDV or SRBC at all test periods. These findings agree with 

McCorkle et al. (1980), who explained that vit.C does not modify the 

antibody response to SRBC as T-cell dependent antigen; therefore, 

excess levels of vit.C may modulate B-cell but not T-cell. However, 

Gross (1988) reported that the high level of vit.C (more than 220 ppm) 

may reduce antibody titer to SRBC; while, Pardue and Thaxton (1984) 

reported that vit.C ameliorates the immune response to SRBC. Hoehler 

and Marquardt, (1996) incorporated two doses of vit.C (200, and 1,000 

mg/kg of diet) into the diets of Leghorn cockerel chicks contaminated 

with 2.5 mg OA / kg of diet. They suggested that lipid peroxides are 

formed by OA and that these effects cannot be partially counteracted 

by vit.C. Also, Elbarkouky et al. (2010) indicated that addition of vit.C 

at 300 mg / kg diet did not prevent the negative effects of OA at dietary 

concentration of 200 ppb observed in broiler chicks. On the other hand, 

Several natural components of the diet, a-tocopherol, carotenoids and 

ascorbic acid show antioxidant properties and may counteract 

mycotoxin cytotoxicity by blocking mycotoxin-induced free radical 

damages because of their ability to act as superoxide anion scavengers 

(Galvano et al., 2001and Schaaf et al., 2002). 
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6. Histological observation  
Prominent and significant histological changes related to dietary 

treatments employed in the present study were demonstrated in the 

kidney, liver and bursa of Fabricius. 

a. Kidney 

Histological examination for the section of kidney in the present 

study revealed that kidneys of the control, Sc and Sc + vit.C group 

showed normal renal parenchyma and did not show any alteration or 

histopathological changes (Fig. 5, 6 and 7. respectively). However, 

examined kidneys of broiler chicks fed OA- free diets and 

supplemented with vit.C showed congestion of renal blood vessels 

(Fig. 8.). 
 

 
 Fig. 5. Section in the kidneys of the control, untreated broiler chicks,  

showing normal renal parenchyma and no any alteration 
or histological changes and (H and E x 200). 
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    Fig. 6. Section in the kidneys of broiler chicks fed OA- free diet and  
supplemented with  Sc (Sc group), showing nohistological 
changes (H and E x 200). 

 

 
   

  Fig. 7. Section in the kidneys of broiler chicks fed OA-free diet and               
                supplemented with both Sc and  vit.C (Sc + vit.C group),     
                showing no histopathological changes (H and E x 200).  
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  Fig. 8. Section in the kidneys of broiler chicks fed OA –free diet     
and supplemented with vit.C (vit.C group), showing 
congestion of renal blood vessels (H and E x 200).  

 

 

On the other hand, histological examination for the kidney 

sections of broiler chicks fed contaminated diets with 200 ppb OA (OA 

group) showed significant histological changes presented in cloudy 

swelling  in the cytoplasm and apparent degeneration in the epithelial 

cells of proximal convoluted tubules of kidney (PCT) and focal area of 

tubular necrosis completely replaced by mononuclear leucocytic cell 

infiltiration (Fig. 9.), as well as focal renal hemorrhages (Fig. 10).  

At the same time, histological study for the sections of kidnwy 

from the bird group fed supplemented diet with OA+ Sc showed no 

histopathological alterations (Fig.11.), indicating the beneficial role of 

Sc to alleviate the determintal effects of OA. 
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  Fig.9. Section in the kidneys of broiler chicks fed OA- supplemented 
diet (OA group), showing focal area of tubular necrosis 
replaced by mononuclear leucocytic cell infiltration (H and 
E x 200). 

 

 

      Fig.10. Section in the kidneys of broiler chicks fed OA-                       
supplemented diet (OA group), showing focal renal 
hemorrhage (H and E x 200). 
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       Fig. 11.  Section in the kidneys of broiler chicks fed supplemented     
                                 diet with OA and Sc (OA + Sc group), showing no     

                     histological alteration (H and E x 200). 
 

 

 

However, the kidneys of broilers fed supplemented diet with 

OA+ vit.C revealed hypercellularity of glomerular tuft and some focal 

areas of tubular necrosis (Fig. 12.).  
 

On the other hand, some examined sections of kidney of bird 

group fed OA+ Sc + vit.C supplemented diet revealed no 

histopathological changes (Fig.13.), while other sections from the same 

group showed some congestion in renal blood vessels (Fig. 14.). 

The above-mentioned results obtained in this study showed that 

the lesions of OA were mainly found in PCT and in the cortex. These 

phenomenons indicate that OA have an affinity to PCT, which showed 

cloudy swelling in the cytoplasm and apparent degeneration in the 

epithelial cells of PCT. Hamilton et al. (1982) reported the first 
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    Fig. 12. Section in the kidneys of broiler chicks fed supplemented 
die with OA vit.C (OA + vit.C group), showing 
hypercellularity of glomerular tuft (H and E x 200). 

   Fig. 13. Section in the kidneys of broiler chicks fed supplemented 
diet with OA + Sc + vit.C (OA + Sc+ vit.C group), showing 
no histopathological changes (H and E x 200). 
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     Fig. 14. Section in the kidneys of broiler chicks fed supplemented 
diet with OA + Sc + vit.C, showing congestion in renal 
blood vessels (H and E x 200). 

 

documented field outbreak of ochratoxicosis in poultry. They reported 

several natural episodes of ochratoxicosis affecting broiler chicks. 

Nephrotoxicity was characterized by pale, swollen kidneys that became 

tan colored in the sequel to acute toxicity. Histological studies revealed 

edematous and necrosis of the proximal tubules of the kidneys.  

Microscopic lesions in ochratoxicosis are most prominent in the 

kidney; OA principally affected the PCT in the kidney causing severe 

distension, enlargement and hypertrophy. Also, thickening of the 

gromerular basement membrane were seen in the kidney sections of 

broilers receiving 2 – 4 ppm dietary OA, the toxicity of OA was dose 

related (Dwivedi and Burns, 1984a).  

Moreover, Stoev et al. (2000 and 2004) reported that broilers fed 

supplemented diets with 130, 300 and 800 µg / kg OA induced swollen 
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PCT, granular degeneration of tubular epithelium and interstitial 

nephritis. Moreover, Biro et al. (2002) simulated field conditions by 

exposing broiler chicks to a total of 0.5 mg OA / week for 4 weeks and 

reported microscopical changes in the form of glomerulonephrosis, 

tubulonephrosis, focal tubular epithelial cell proliferation and multiple 

adenoma-like structures in the renal parenchyma. In another study, 

Santin et al. (2002b) reported that the kidneys of OA- supplemented 

chicks at 2 ppm showed hypertrophy of the renal proximal tubular 

epithilium, with thickening of the glomerular basement membrane. 

These changes in the kidney and in particular the PCT could be 

explained by apoptotic changes. In this respect, Schaaf et al. (2002) 

attributed proximal tubule cell damage in the kidneys caused by OA to 

the formation of reactive oxygen species (ROS) (O2, OH, ROO) and 

the depletion of cellular glutathione (GSH) levels which induced a wide 

range of lesions on membranes, proteins and nucleic acids.  

Histological findings observed in broilers fed OA-contaminated 

diets at 567 ppb were kidney swollen and necrosis of kidney tubular 

cells (Garcia et al., 2003). Furthermore, Hatab (2003) and Elaroussi et 

al. (2008) found that contamination of broiler diets with OA at 400 and 

800 ppb resulted in a severe histological changes in internal organs. 

The prominent histological changes related to the dietary OA 

treatments were observed in the kidney. The lesions were mainly found 

in the PCT. Ochratoxin A induced changes were observed as cloudy 

swelling and granular degenerative changes in the cytoplasm and 

Pyknotic nuclei in the epithelial cells of PCT. Furthermore, a decrease 

in corpuscular space in Bowman’s capsule, marked degeneration of 
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Malpigian corpuscles and hyalinization and obliteration of capsulars 

paces were recorded. These changes in the kidney and in particular  

PCT could be explained by apoptotic changes involving a genetic 

factor activated by OA. Furthermore, swollen proximal convoluted 

tubules, degeneration of tubular epithelium and interstitial nephritis 

were the main histological changes observed in the kidneys of broilers 

underlying the effects of OA at 2 ppm (Gupta et al., 2008). 

At the same time, the present results of this study are in 

agreement with the results reported by Koynarski et al. (2007) and 

Hanif et al. (2008). They reported that degenerative changes were 

observed in kidneys of OA-treated broilers. Degenerative changes 

(granular degeneration or cloudy swelling as well as karyopycnosis or 

karyolysis) in epithelial cells of PCTs were observed and focal 

mononuclear cell infiltration was seen in the renal interstice. Some of 

the tubules contained necrotic debris, granular or hyaline casts in the 

lumen. They attributed the degenerative changes in the epithelial cells 

of kidneys probably to the route of OA elimination via kidneys, 

exerting direct toxic effect of OA on this organ. Sakhare et al. (2007) 

fed one-day old broiler chicks on OA-supplemented diet at a level of 

200 ppb for 6 weeks of age. On the 21st day of age, a section of kidneys 

of OA-fed birds revealed swelling and degenerative changes in tubular 

epithelium, leading to occlusion of lumen. In some tubules, hyaline 

casts in lumen were prominent. At a later period of observation (42nd 

days of experiment), pathological changes in tubular epithelium were 

more pronounced. Additionally, there was infiltration of lymphocytes 
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in renal parenchyma and hyalinization of glomerular tuft, along with 

hyaline droplet in Bowman’s capsule.  

It could be noticed from the results obtained from the 

histological examination on the kidneys that supplementing broiler 

diets with Sc singly or in combination with vit.C in the presence of the 

OA lead to alleviate and counteract the negative effects of OA on the 

functional and histological changes in kidney. No histopathological 

alterations were found in kidney sections from ochratoxicated broiler 

chicks supplemented in their diets with Sc singly or combined with   

vit.C. Also, addition of vit.C to broiler chicks during ochratoxicosis 

may partially counteract the deleterious effects of OA on histological 

changes of kidneys, reflecting the beneficial effects of adding Sc and / 

or vit.C to broiler diets in reducing the harmful effects of OA on kidney 

tissues. 

These results are in accordance with the results obtained by 

Khalil (2008), who explained that the histological changes of the 

kidney as a result of subjected quail chicks to a contaminated diets 

containing 16.5 ppm OA could be overcome or at least diminished by 

supplementing quail diets with 2gm of Sc per kg diet. Yiannikouris et 

al. (2003) suggested that an adsorbent consisting of esterified 

glucomannan (EG), a cell wall drevatives of Sc, has been effective in 

ameliorating the toxic effects of multiple mycotoxins present in 

naturally contaminated feed. They hypothesized that the mycotoxins 

are trapped in the glucomannan matrix of Sc, thus limiting their 

gastrointestinal bioavailability and preventing its absorption from the 

intestine. Also, Peteri et al. (2007) observed that both viable and heat 
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treated (dead) yest cells were able to adsorb significant amounts (up to 

250 ng /mL) of OA.  

On the other hand, in respect to the beneficial effects of adding 

vit.C to broiler diets in order to alleviate the detrimental effects of OA 

on kidney tissues. Present results are in agreement with those reported 

by Bendich et al. (1986) that vit.C is the most efficient vitamin for 

inhibiting OA genotoxicity. They observed that about 90% reduction of 

OA in kidney when vit.C was added. They reported that vit. C is an 

important antioxidant and a free radical scavenger, thereby preventing 

the production of electrophilic metabolites. Also, Grosse et al. (1997) 

found that pretreatment with antioxidant vitamins E, A or C reduced 

the levels of DNA adducts in the kidney of animals administered with 

OA. Vitamin E decreased DNA adduct by 80 % in kidney, Vit. A 

decreased DNA adducts levels by 70 % and vit.C by 90 % in kidney. 

Furthermore, several natural components of the diet, a-tocopherol, 

carotenoids and vit.C shows antioxidant properties and may counteract 

mycotoxin cytotoxicity by blocking mycotoxin-induced free radical 

damage because of their ability to act as superoxide anion scavengers 

(Galvano et al., 2001 and Schaaf et al., 2002). 

Many literatures reported that OA is primarily a nephrotoxin and 

it causes damage to the kidney in a wide variety of domestic animals 

that were exposed to OA toxicosis and the kidney is the main target 

organ for the toxic effects of OA. Significant increases in serum uric 

acid and creatinine (kidney function parameters); increased relative 

kidney weight and in addition to the histological changes detected in 

the kidney of  OA - birds group in the current study are all indicators of 
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impaired renal function and confirm that the kidneys are the most 

affected organ and a major site for OA toxic action. These findings are 

consistent with previous reports, showing that OA is primarily a severe 

nephrotoxin (Elkady, 1993) and confirm that OA is the major casual 

determinant of mycotoxic avian and animal nephropathy as suggested 

by Cook et al. (1986). 
 

b. Liver  

Histopatological finding in the section of liver showed that the 

control birds, untreated chicks, revealed no histopathological changes 

(Fig. 15.). Also, examined liver of broiler chicks treated with Sc or with 

vit.C or combined Sc + vit.C in the absence of OA did not revealed any 

histopathological changes (Fig. 16, 17 and 18. respectively). 
 

However, livers of broiler chicks fed OA- contaminated diet 

(OA group) showed histological changes presented in necrosis of 

epithelial lining bile duct with thickening in its wall (Fig. 19.), as well 

as hepatic hemorrhage (Fig. 20.), focal mononuclear cells aggregation 

(Fig. 21.) and portal infiltration with heterophils (Figure. 22.). 

On the other hand, examined livers of ochratoxicated broilers and 

treated with Sc, vit.C and Sc + vit.C showed normal hepatocytes and no 

histopathological changes (Figure. 23, 24 and 25. respectively). 
  

It could be concluded from these results that contamination of 

broiler diets with OA at 200 ppb resulted in histological changes in 

broiler livers. These changes may be abolished by supplementing 

broiler diets with Sc and / or vit.C 
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  Fig.15. Section in the livers of control broiler chicks showing no                  
alteration or histopatological changes (H and E x 200). 

 

 

 

  Fig.16. Section in the livers of broiler chicks fed OA- free diet and     
supplemented with Sc (Sc group), showing no 
histopathological changes (H and E x 200). 
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  Fig.17. Section in the livers of broiler chicks fed OA- free diet and 
supplemented with vit.C (vit.C group), showing no 
histopathological changes (H and E x 200). 

 

    Fig.18. Section in the livers of broiler chicks fed OA – free diet and 
supplemented with Sc + vit.C (Sc + vit.C group), showing no 
histopathological changes (H and E x 200). 
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    Fig. 19. Section in the livers of broiler chicks fed OA- supplemented 
diet (OA group), showing necrosis of epithelial lining bile 
duct (small arrow) with thickening in its wall (large arrow) 
(H and E x 200). 

 

 

     

 

   Fig. 20. Section in the livers of broiler chicks fed OA-supplemented            
diet (OA group), showing hepatic hemorrhages (H and E 
x200) 
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   Fig. 21. Section in the livers of broiler chicks fed OA-supplemented 
diet (OA group), showing focal mononuclear cells 
aggregation (H and E x 200). 

 

 Fig. 22. Section in the livers of broiler chicks fed OA- supplemented 
diet with OA (OA group), showing portal infiltration with 
heterophils (H and E x 200). 
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   Fig. 23. Section in the livers of broiler chicks fed supplemented diet     
with OA and Sc (OA+ Sc group), showing no 
histopathological alteration and normal hepatocytes (H and 
E x 200). 

         

    Fig. 24. Section in the livers of broiler chicks fed supplemented diet     
with OA and vit.C (OA+ vit.C group), showing no 
histopathological changes (H and E x 200). 
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 Fig. 25. Section in the livers of broiler chicks fed supplemented diet 
with OA, Sc and vit.C (OA+ Sc + vit.C group), showing no 
histopathological changes (H and E x 200). 

 

These results are in accordance with those obtained by Dwivedi 

et al. (1984) and Kozaczynski (1994). They reported an increase in acid 

phosphatase reaction in the cytoplasm of liver cells and in the hepatic 

intracellular spaces along with glycogen degeneration of hepatocytes  

in OA-administered broilers compared with those of controls. Elaroussi 

et al. (2008) and Stoev et al. (2000 and 2004) recorded  liver 

enlargement, cloudy swelling, granular degeneration in the epithelium 

and vacuolation of the hepatic cells, as well as, perivascular 

mononuclear cell infiltration as a result of dietary OA – supplemented 

diet to broilers. Santin et al. (2002b) and Kumar et al. (2004) reported 

hepatocyte vacuolation, megalocytosis with accompanying hyperplasia 

of the biliary epithelium, degenerative changes and mononuclear cell 
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infiltration in the liver of OA-treated chicks at 2 ppm as compared with 

the control. 

In this respect, histological findings observed in the livers of 

broilers fed OA-contaminated diets at a level of 567 ppb were swollen 

and necrotic hepatocytes, bile ducts hyperplasia (Garcia et al., 2003). 

Moreover, Koynarski et al. (2007) reported that OA induced 

degenerative changes in livers of OA-treated birds at levels of 4 ppm, 

the liver was congested, enlarged and cloudy swelling. Furthermore, 

there was an activation of capillary endothelium and Kupffer’s cells, 

hyperemia of capillaries and pericapillary edema, in addition to 

granular or vacuolar degeneration, perivascular infiltration of 

mononuclear cells. They concluded that the degenerative changes in the 

liver probably are due to the route of elimination of OA partially via 

liver, due to enterohepatic recirculation and hepatobiliary way of 

excretion of OA exerting direct toxic effect of OA on this organ. 

Similarly, Sakhare et al. (2007) subjected one-day old broiler chicks to 

OA-supplemented diet at level of 200 ppb for 6 weeks of age to reveal 

the histopathological changes in some internal organs of broilers during 

ochratoxicosis. Histological changes in livers of OA-fed birds showed 

degenerative changes in liver parenchyma. Most of the hepatocytes 

were swollen, congested and vacuolated. Fibrous connective tissue 

proliferation, along with scattered infiltration of lymphocyte and 

heterophils in necrotic area, was prominent in OA-treated birds as 

opposed to the control birds.  

Current results showed that supplemented broiler diets with Sc 

and / or vit.C during ochratoxicosis may be beneficial in alleviation of 
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the toxic action of OA in inducing histopathological alteration in the 

liver. These results are in agreement with the previous results reported 

by Bintvihok et al. (2002) and Banlunara et al. (2005), who found that 

supplementation with esterified glucomannan (EG), a cell wall 

derivatives of Sc, to mycotoxins -contaminated diet can reduce the liver 

injury such as bile duct proliferation and fatty degeneration. Similarly, 

Khalil (2008) reported that quail chicks subjected to be fed a 

contaminated diets containing 16.5 ppm OA (50 ug / quail /day) from 

20 day to 7 weeks of age, showed severe histological alteration in the  

livers when compared with the controls. They found that these 

histological changes of the livers could be offsetting or at least 

diminished by supplementing quail diets with 2gm of Sc per kg. Also, 

Baptista et al. (2002) reported that dehydrated active yeast Sc was able 

to reduce the hepatotoxicity caused by mycotoxins in hepatocytes.  

At the same time, Bendich et al.  (1986) reported that vit.C is the 

most efficient vitamin for inhibiting OA genotoxicity. They observed 

about 90% reduction of OA in liver of birds received vit.C. They 

reported that vit.C is an important antioxidant and a free radical 

scavenger, thereby preventing the production of electrophilic 

metabolites. In addition, Marquardt and Frohlich (1992) reported that 

free-radical scavenging compounds such as vitamines E, C and β-

carotene have been shown to greatly reduce the toxicity of OA. 

Furthermore, Atroshi et al. (2000 and 2002) proved that vit.C in 

combination with other antioxidants such as vit.E and selenium can 

exert some inhibition of apoptosis caused by OA at 2.5 ppm in liver. 

These properties are probably due to the ability of antioxidants to act as 
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superoxide anion scavengers, thereby protecting cell membrane from 

the mycotoxin-induced damage. The same results were also reported  

by Galvano et al. (2001) and Schaaf et al. (2002). In this respect, 

Elbarkouky and Abu-Taleb (2008) reported that supplementation of 

broiler diets with vit.C at 300 mg / kg diets during ochratoxicosis 

counteracted the histological alteration in some organs of broilers 

exposed to OA at 50 or 100 ppb in their diets.  
 

c. Bursa Fabricius  

Histopatological finding in the sections of the bursa of the 

control, vit.C and Sc + vit.C groups in the present study revealed that 

no histopathological alteration or any appreciable changes were 

observed (Fig. 26, 27 and 28, respectively). However, microscopical 

examination of the bursa of chicks treated with Sc (Sc group) in their 

diets showed lymphoblast activation (Fig. 29).  

Microscopical examination in the sections of the bursa from 

broiler chicks fed the contaminated diets with 200 ppb OA (OA group) 

showed histological changes presented in lymphocytic necrosis and 

depletion especially in the medulla of bursal lymphoid follicles (Fig. 

30) associated with thin cortical layer. 

On the other hand, dietary supplementations with Sc and Sc + 

vit.C to broiler chicks during ochratoxicosis led to overcome the 

deleterious effects of OA on the bursa of Fabricius. No 

histopatholpogical changes were observed in sections of bursa of 

Fabricius of broilers fed OA- contaminated diets and supplemented 

with Sc and Sc + vit.C (Fig. 31 and 32, respectively).  
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Fig. 26. Section in the bursa of Fabricius of a control chick, untreated           
                 broiler chick showing no alteration or histopatological changes     
                (H and E x 200) 
 

       
 

Fig. 27. Section in the bursa of Fabricius of a chick fed OA- free diet 
and supplemented with vit.C (vit.C group), showing no 
histopatological changes (H and E x 200). 
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   Fig. 28. Section in the bursa of Fabricius of a broiler chick fed OA-         
free diet and supplemented with Sc + vit.C (Sc+ vit.C 
group), showing no histopathological changes (H and E x 
200) 

 

 

  Fig. 29. Section in the bursa of Fabricius of a broiler chick fed OA- 
free diet  and   supplemented with Sc (Sc group), showing 
lymphoblast activation (H and E x 200). 

 



 186

 

  Fig. 30. Section in the bursa of Fabricius of a broiler chick fed OA- 
supplemented diet (OA group), showing lymphocytic 
necrosis and depletion (H and E x 200). 

 

Results of histological examination to sections of the bursa of 

Fabricius of broilers fed OA – contaminated diet and supplemented 

with vit C (OA + vit.C group) did not reveal histopathological changes 

(Fig. 33). While other examined sections of the bursa from the same 

group showed lymphocytic necrosis and depletion (Fig. 34.). 

In general, present study established that presence of OA in  the 

broiler diets caused severe histological changes in the bursa of 

Fabricius. At the same time, supplemented broiler diets with Sc singly 

or in combination with vit.C in the presence of OA resulted in 

alleviating and overcoming the harmful effects of OA on this important 

lymphoid organ. On the other hand, dietary supplementation with vit.C 

singly to broiler chicks during ochratoxicosis may partially reduce the 

deleterious effects of OA on tissues of bursa of Fabricius.     
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Fig. 31. Section in the bursa of Fabricius of a broiler chick fed 
supplemented diet with OA and Sc (OA+ Sc group), 
showing no histopathological alteration (H and E x 200). 

 
    Fig. 32. Section in the bursa of Fabricius of a broiler chick fed    

supplemented diet with OA, Sc and vit.C (OA + Sc + vit.C 
group), showing no histological changes (H and E x 200) 
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  Fig. 33. Section in the bursa of Fabricius of a broiler chick fed    

supplemented diet with OA and vit.C (OA + vit.C group), 
showing no histological changes (H and E x 200) 

 

 
 

     Fig. 34. Section in the bursa of Fabricius of a broiler chick fed 
supplemented diet with OA and vit.C (OA+ vit.C group), 
showing lymphocytic necrosis and depletion (H and E x 
200). 
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Similar results were reported by Dwivedi and Burns (1984a) 

who found a significant reduction in the relative weight of bursa of 

Fabricius as a result of the presence of OA in the diet. Ochratoxin A 

caused a regression of the lymphoid cell population in this important 

immunological organ when fed to broiler chicks for 20 days of hatch at 

2 and 4 mg / kg. Elkady (1993) found depletion of lymphocytes in 

lymphoid follicles and leucocytic inflammatory cell infiltration in the 

intrafollicular connective tissue of the bursa of Fabricius of broiler 

chicks intoxicated with OA in their diet at 4 ppm. Moreover, 

administration of OA at a dose of 1 mg / kg body weight to male chicks 

caused degenerative lesions in the bursa of Fabricius with advanced 

atrophy of bursal follicles, which lead to a marked reduction in the size 

of both bursal plicae and the whole organ (Kozaczynski, 1994). 

Degenerative changes, atrophy of the bursa of Fabricius and 

depletion of lymphocytes in lymphoid follicles were the main 

histological characteristics in the bursa of Fabricius of broiler chicks 

exposed to OA in this study and agreed with previous studies (Stoev et 

al., 2000 and 2004; Kumar et al., 2004 and Gupta et al., 2008). The 

decrease in the relative weight of the bursa of Fabricius is likely a 

consequence of the decrease in the lymphoid tissue and the 

degenerative changes in OA treated birds. Santin et al. (2002b) 

described a reduction in the bursal mitotic index, possibly resulting 

from the inhibition of protein synthesis, which is essential for the S 

stage of cell division. Similarly, Koynarski et al. (2007) found 

degenerative changes and depletion of lymphoid cells (karyopyknosis 

and karyorrhexis) in the follicles of bursa of Fabricius in specific 
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pathogen-free chicks (Plymouth Rock) fed a supplemented ration with 

OA at a dietary level of 4 ppm for 2 weeks. 

Sakhare et al. (2007) fed broiler chicks on OA-supplemented 

diet at a level of 200 ppb for 6 weeks of age. Histological changes were 

observed in sections of bursa of Fabricius and revealed depletion of 

medullary lymphocytes from bursal follicle, reduction in size of bursal 

follicles, and depletion and necrosis of lymphoid cells from follicle, 

with proliferation of fibrous connective tissue in inter-follicular space. 

In this respect, Hatab (2003) and Elaroussi et al. (2008) showed 

significant histological changes in the section of bursa of broilers fed 

the contaminated diets with 800 ppb OA for 2 and 4 weeks. These 

histological changes were reflected in swelled follicle-associated 

epithelium with apical accumulation of secretions, which appeared as 

vacuolated cytoplasm. In addition, bursal follicles of OA-exposed 

broilers receiving a level of 800 ppb for prolonged period of 4 weeks 

appeared to be atrophic with some lympholysis and lymphoid depletion 

in lymphoid follicles with larger paler nuclei in the germinal center of 

the follicles relative to the control.  
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SUMMARY  

This study was carried out at the experimental animal house and 

laboratories, belonging to poultry physiology and production unit, 

Nuclear Research Center, Atomic Energy Authority, Egypt. The 

experiment was extended from November to December 2008 for five 

weeks life span. It was planned to investigate and describe the major 

effects of presence of Ochratoxin A (OA) in broiler diets on productive 

performance, relative internal organ weights and physiological, 

immunological and histological parameters of male broiler chicks and 

the efficacy of vitamin C (vit.C) and Saccharomyces cerevisiae (Sc) 

supplementation in providing partial protection against the toxic effects 

of OA.   

Experimental Design 

A total number of 368 one-day-old male broiler chicks (Ross) 

were used in this study. At the chick arrival day, all chicks were housed 

in batteries without any treatment, divided and feeding recommended 

diets free from OA.  At 3 days of age (experimental initiation), the 

chicks were weighed and randomly assigned into 8 equal groups (46 

chick each). Chicks were kept under standard hygienic and similar 

environmental conditions and were supplied with feed and water ad lib 

throughout the complete experimental period that lasted for 5 weeks of 

age (experimental termination). The chicks were allotted according to 

dietary supplementation in diet as follows: 

1. The first group was fed a basal diet without any supplementation and 

served as control. 
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2. The second group was fed basal diets supplemented with 3 gm Sc / kg 

diet. 

3. The third group was fed diet supplemented with 300 mg vit.C / kg 

diet. 

4. Fourth group was fed a basal diet supplemented with 3 gm Sc +300 

mg vit.C / kg diet.  

5. The fifth group was fed a basal diet artificially contaminated with 

200 ppb OA. 

6. The sixth group was fed a basal diet supplemented with 200 ppb 

OA+ 3 gm Sc / kg diet. 

7. The seventh group was fed a basal diet supplemented with 200 ppb 

OA+ 300 mg vit.C / kg diet. 

8.  The eighth group was fed a basal diet supplemented with 200ppb 

OA+ 3 gm Sc + 300 mg vit.C / kg diet. 

The current study lasted for 5 weeks, during which the following 
parameters were determined 
 

1. Productive Performance: 

a. Live body weight (gm / bird) weekly. 

b. Weekly feed consumption (FC) (gm / bird). 

c. Weekly feed conversion ratio (FCR).  

d. Weekly mortality percent and cumulative mortality. 
 

2. The relative internal organs weights (kidney, liver, gizzard, 

proventriculus, spleen, bursa of Fabricius and thymus) weekly. 

3. Physiological Parameters  

Blood samples were withdrawn weekly along the experimental 

period from 5 birds of each group for blood measurements: 
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a. Hemoglobin level (Hb).        

b. Packed cell volume percentage (PCV). 

c- Red blood cell counts (RBC).  

d- White blood cell counts (WBC). 

e. Total protein (TP), albumin (Alb) and globulins (Glob). 

f. Enzymes: aspartate amino transferase (AST) and alanine amino 

transferase (ALT) as indicator for liver functions. 

g. Uric acid and createnine as indicator for kidney functions. 

h. Hormones: Thyroid gland hormones (T3 and T4).  

4. Immunological parameters 

Determination of humoral immune response through 

a. Determination of antibody titer against sheep red blood cells 

(SRBC) at 18day of age through heamaglutination test (HA). 

b. Determination of antibody titer produced against Newcastle 

disease virus (NDV) at 21day of age through heamaglutination 

inhibition test (HI). 

5. Histological section 

Determination of histological changes occurred in the kidney,     

liver and   bursa at the end of 5th week of broiler age. 

Results can be summarized as follows 

1. Ochratoxicated birds (OA group) showed progressive symptoms of 

huddling, listlessness, emaciation, dehydration, occasional diarrhea 

(blackish diarrhea), and prostration that lead to death.  

2. Significant decreases in body weight and feed consumption, worse 

feed conversion ratio and increase mortality were observed in the 
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birds fed a contaminated diets with OA (OA group) when compared 

with the birds fed OA-free diets (control, Sc, vit.C and Sc + vit.C). 

Dietary supplementation with Sc either alone or combined with 

vit.C to broiler chicks fed OA-contaminated diets alleviated 

significantly the negative effects of OA on BW and improved FC, 

FCR and mortality. At the same time, inclusion of Sc alone and in 

combination with vit.C to OA-free diet recorded significantly 

higher body weight and improved FC and FCR when compared 

with all experimental groups.  

        On the other hand, addition of vit.C alone to OA – fed birds 

resulted in numerical but not significant differences in body weight 

as compared with OA-fed birds alone. Addition vit.C alone may be 

counteracting the toxic effects of OA on body weight and mortality 

but to a very lesser extent when compared with Sc and Sc+ vit.C 

groups. At the same time, inclusion of vit.C alone did not show any 

improvement in FC or FCR of broilers fed basal diets contaminated 

or not with OA. 

3. Results showed that there was a significant increase in the relative 

weight of kidney, liver, gizzard, proventriculus and spleen and 

significant decrease in the relative bursa and thymus weight in the 

OA-treated birds as compared with broilers fed OA- free diets 

(control, Sc, vit.C and Sc + vit.C).  

On the other hand, addition of Sc alone or in combination with 

vit.C to OA- treated groups alleviated significantly the adverse 

effects of OA on relative internal organ weights. While addition of 

vit.C alone to OA-treated birds did not show any significant 
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alteration or improvement in the relative organ weights when 

compared to OA group; indicating that addition of vit.C alone to 

OA- treated birds did not exhibit any ability to prevent the negative 

effects of OA. Furthermore, dietary supplementation with Sc or 

vit.C alone or in combination to broiler chicks fed OA-free diet did 

not produce any changes in the relative organs weight than control 

birds. 

4. Results obtained explained significant decrease in Hb, PCV, RBC 

and WBC counts in OA-treated group birds when compared with all 

birds fed uncontaminated diets.  

        Significant improvement in Hb, RBC, WBC counts and 

improvement but without significance in PCV was noticed as 

results of addition of Sc alone or in combination with vit.C to 

broiler fed diets containing OA.  

       On the other hand, addition of vit.C alone to OA – fed birds did 

not develope any significant differences or any improvement in Hb, 

PCV and blood cells counts throughout the experimental period 

when compared with OA-fed birds (OA group).  

       Furthermore, results showed that dietary supplementation with 

Sc or vit.C individually or combined to broiler chicks fed basal diets 

free from OA resulted in increase in Hb, PCV, RBC and WBC 

counts when compared with controls. 

5. Results indicated that dietary OA supplementation to broiler chicks 

at 200 ppb (OA group) caused a significant decrease in TP, Alb and 

Glob when compared with all groups received OA-free diets. 
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       Results also showed that inclusion of Sc or Sc + vit.C to broiler 

chicks subjected to OA significantly alleviated the negative effects 

of OA on TP and Glob and restored the deleterious effects of OA  

on Alb but without significance when compared with OA group. 

While the single inclusion of vit.C to broiler chicks fed OA – 

containing diets resulted in numerical but not significant increases 

in serum concentration of blood proteins (TP, Alb and Glob) as 

compared with OA group.  

       On the other hand, dietary supplementation with Sc or Sc + vit.C 

to broilers fed OA- free diets provided numerical but not significant 

improvement in serum TP and Glob level of broilers as compared 

with the control.  

6. Results of this study showed also that at 3 weeks of age and 

thereafter, broilers fed supplemented diets with OA only register 

abrupt significant increase in serum concentration of liver enzymes 

(AST and ALT) when compared with those received a diet free 

from OA (except AST level of Sc + vit.C group at 3 week of age).  

       Dietary supplementation with Sc individually or in combination 

with vit.C to broiler chicks fed contaminated diets with OA 

abolished the negative effects of OA on liver enzymes especially at 

4 and 5 weeks of age. On the other hand the addition of vit.C alone 

to broiler chicks fed OA contaminated diets did not develop any 

alteration or significant differences in the values of AST and ALT 

as compared with OA group. 

7. The results indicate that presence OA at employed level in the 

broiler diets with or without vit.C resulted in a significant increase 
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in serum uric acid concentration compared with OA- free diet 

groups at two weeks onward and OA+ Sc and OA+ Sc + vit.C 

groups at 4th and 5th weeks of age. Similar pattern was observed in 

creatinine concentration at three weeks of age onward.  

       Contamination of broiler diets with OA caused a significant 

increase in serum uric acid and creatinine concentration of broilers; 

that is not ameliorated by the addition of vit.C alone to OA-fed 

birds (OA group) which also recorded a higher concentration of 

uric acid in their serum approximately equal to OA group.  

       On the contrary, adding Sc alone or combined with vit.C to 

broiler chicks fed contaminated diets with OA showed to alleviate 

the toxic action of this toxin on the uric acid and creatinine 

concentrations of broilers.  

       On the other hand, dietary supplementation with Sc singly or in 

combination with vit.C to broiler chicks fed OA-free diets did not 

develop any significant differences than the control birds in the 

values of uric acid and creatinine. It was noticed that the birds 

supplemented in their diets with vit. C singly in the absence of OA 

recorded numerical increase without significant differences in uric 

acid concentration when compared with the control.   

8. Results obtained in this study indicate that OA supplementation to 

broiler diets at 200 ppb (OA group) resulted in significant effects in 

increasing serum concentration of T3 and decreasing serum 

concentration of T4. Serum T3 concentration was increased 

significantly in OA birds group as early as the second week of age 

onward when compared with the experimental groups received a 
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normal diets free from OA. On the other hand, an inverse 

relationship was shown concerning   the effects of OA on serum T4 

concentration. Presence of OA in the broiler diets caused numerical 

decrease in T4 concentration from the 1 to 3 weeks of age and 

significant decrease at 4 and 5 weeks as compared with birds group 

fed OA- free diets.   

       Results showed also that addition of Sc singly or in combination 

with vit.C to broiler chicks fed OA-containing diets alleviated the 

detrimental effects of OA on T3 hormones of broilers. At the same 

time, serum concentration of T4 was numerically increased 

throughout the experimental period as results of adding Sc and Sc + 

vit.C to broilers during ochratoxicosis when compared to broiler 

fed OA-supplemented diet alone (OA group).  
       No significant differences were observed along the 

experimental periods in serum concentration of T3 and T4 when 

comparing between the birds group of OA + vit.C supplementation 

and birds group of OA supplementation, which reflect that no 

beneficial effects of adding vit.C on thyroid hormones of broilers 

during ochratoxicosis. 
      Furthermore, Dietary supplementation with Sc and Sc + vit.C to 

broiler chicks fed OA-free diets recorded numerical decrease in T3 

and numerical increase in T4 than control.  

9. Results explained that OA negatively affected the humoral immune 

response of broilers. Significant sharp reduction in antibody (Ab) 

titer produced against immunization with NDV and  SRBC was 

observed at all test periods (3, 7 and 10 days post immunization) in 
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OA- treated birds (OA group) as compared with the amount of Ab 

produced in the birds group fed  OA- free diets (control, Sc, vit.C 

and Sc + vit.C).  

       Results also revealed that supplemented broiler diets with Sc 

singly or in combination with vit.C to broilers lied under the effect 

of OA alleviated the negative effects of OA on humoral response. 

An increase in the Ab produced against NDV and SRBC at all test 

period in broilers fed supplemented diets with Sc or Sc + vit.C 

during ochratoxicosis when compared with the amount of Ab 

produced in birds group fed a contaminated diet with OA singly 

(OA group). This increase was significant at 7 and 10 days and 

numerically at 3-days post immunization with NDV. While this 

increase was significantly only at 7 days and numerically at 3 and 

10 days post injection of SRBC.  

       On the other hand, addition of vit.C individually to broiler 

chicks subjected to intoxication with OA in their diets did not 

produce any beneficial effects against the negative effects of OA on 

immune response. Moreover, addition of Sc, vit.C and Sc + vit.C to 

broiler fed OA- free diets caused numerical increase in the amount 

of Ab produced against NDV and SRBC at all test periods than the 

amount of Ab produced in control birds, indicating the beneficial 

role of these supplementations in enhancing the immune response 

in broilers. 

10. Histological picture for some internal organs of broilers showed 

significant histological changes in the kidney, liver and bursa of 

Fabricius due to birds exposure to intoxication with OA at 200 ppb 
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in their diet (OA group). Addition of Sc singly or in combination 

with vit.C to broiler chicks subjected to intoxication with OA 

abolished the harmful effects of OA on these organs. While 

addition of vit.C singly did not show any protective effect against 

the deleterious effects of OA on kidneys but partially protected to a 

lesser extent the liver and bursa from the negative effects of OA.     

Finally, from these results it can be concluded that OA is one of 

the most potent important mycotoxins in broilers due to its toxicity 

even at lowered levels. OA produce large deleterious and negative 

effects on performance, internal organ weight and functions, blood 

picture, biochemistry, and acts as an immunosuppressive agent of 

broiler chicks.  

This study also proved that supplemented broiler chicks in   

their diets with Sc or Sc+ vit.C during ochratoxicosis partially 

suppressed the toxic effects of OA on broilers. On the other hand, 

dietary supplementation with vit.C to broilers subjected to intoxication 

with OA in the diets did not show any beneficial effects against the 

negative effects of OA on broilers except on body weight, mortality 

and blood proteins.  

Furthermore, addition of Sc or vit.C individually or combined to 

broilers fed OA- free diets did not exhibit any negative or appreciable 

changes, conversely, it improved the general health condition, 

productive performance and acted as  immunestimulators in broilers.   

Therefore, this study recommends to supplement broiler diets 

with Sc singly or combined with vit.C under all conditions either the 

diets were contaminated or uncontaminated with mycotoxins. 
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 ١

  يربالملخـــــص العـــــ
  

فى ) سكاروميسيز سيرفيزيا(دراسات على آفاءة فيتامين ج والخميرة 
  إعطاء حماية جزئية ضد التسمم باالوآراتوآسين فى دجاج التسمين

  

 

ة لوحدة                ة والمعامل التابع أجريت هذة الدراسة فى مزرعة أبحاث الحيوانات التجريبي

ة    فسيولوجيا وإنتاج الدواجن بقسم الت     ة      –طبيقات البيولوجي ة     - مرآز البحوث النووي ة الطاق هيئ

ة دواج          -الذري ة ال سم تربي ة بق ا الحيوي ل التكنولوجي ع معم اون م ك بالتع صر وذل ة -نم  آلي

سمبر         خ جامعة القاهرة    -الزراعة ى دي ذا        . ٢٠٠٨الل الفترة من نوفمبر ال ان الغرض من ه وآ

سمين        العمل هو    اييس           دراسة تأثير تلوث عالئق دجاج الت ى المق  مع سموم االوآراتوآسين عل

ة  اييس المناعي سيولوجية والمق صفات الف ه وال ضاء الداخلي سبية لألع ة واألوزان الن اإلنتاجي

رة          و والهستولوجية امين ج والخمي اءة فيت سيز سيرفيزيا   (آف ة     ) سكارومي و  فى إعطاء حماي   ول

  .ين دجاج التسمفى التأثيرات الضارة من االوآراتوآسينجزئية ضد 

   تصميم التجربة

ذآور من ساللة روص           ٣٦٨أستخدم فى هذة الدراسة عدد       م  . آتكوت تسمين من ال وت

سيم مع                دون تق ة       تسكين الكتاآيت فى البطاريات من اليوم األول من العمر ب ى عليق ذيتها عل  تغ

ة سمين طبيعي ت.ت سيم الكتاآي م تق ر   ت ن العم ث م وم الثال ى الي ة( عل ة التجرب ة)بداي ى ثماني   إل

ى    آل مجموعة    ،مجاميع متساوية العدد   وى عل ة        .   طائر  ٤٦ تحت ى نهاي واستمرت الدراسة حت

  . األسبوع الخامس من عمر الطيور مع إتاحة العليقة والماء بدون تحديد طوال فترة التجربة

   لنوع المعاملة الغذائية آاالتىوقد تم تقسيم الطيور طبقا

   ).آنترول (إضافات اى  بدوناألساسيةمين  غذيت على عليقة التس:األولى المجموعة .١

ة .٢ ة الثاني ة  :  المجموع ى العليق ذيت عل يةغ رة األساس ا خمي ضاف إليه ة  م شطة حي ة  ن  جاف

  .آجم عليقة/  جم ٣بمعدل ) يرفيزياسكاروميسز س(

ة .٣ ى  :  المجموعة الثالث ذيتها عل م تغ ة الت يةعليق ا مضاف  األساس اإليه دل  فيت  ٣٠٠مين ج بمع

  ..عليقةآجم / مجم 

ة          : المجموعة الرابعة  .٤ ى العليق ذيتها عل م تغ رة        األساسية ت ا الخمي سز  ( مضاف إليه سكارومي

ة     /  جم   ٣بمعدل  ) سيرفيزيا ى  باإلضافة آجم عليق دل      إل امين ج بمع  فيت

  .آجم عليقة/  مجم ٣٠٠



 ٢

سة .٥ ة :المجموعة الخام ى العليق ذيتها عل م تغ ية  ت ا صناعيا األساس م تلويثه ى ت  فةبإضا والت

  . ميكروجرام من سم االوآراتوآسين٢٠٠

ة        :المجموعة السادسة  .٦ ا      األساسية   تم تغذيتها على العليق  ميكروجرام من     ٢٠٠ مضاف اليه

  .آجم عليقة /  جم خميرة ٣+ سم االوآراتوآسين 

سابعةالمجمو. ٧ ة ال ة   :ع ى العليق ذيت عل يةغ ضافاألساس م  ٢٠٠ م ن س رام م  ميكروج

  . آجم عليقة/ج  مجم فيتامين ٣٠٠ة الىاالوآراتوآسين باالضاف

ة.٨ ة الثامن ة   : المجموع ى العليق ذيت عل يةغ ضافاألساس ا م م  ٢٠٠ اليه ن س رام م  ميكروج

سين االوآر م ٣+ اتوآ رة  ج امين ٣٠٠ +خمي م فيت م /ج  مج  آج

  .عليقة

  الصفات المدروسة

  -: المقاييس اإلنتاجية.١

   .أسبوعيا) طائر/ جم ( وزن الجسم الحى . أ

  .أسبوعيا) طائر/ جم ( تقدير آمية الغذاء المستهلك  .ب

  .نسبة النفوق أسبوعيا.  د                     .أسبوعيا معدل التحويل الغذائىتقدير   .ج

       ، القونصة، الكبد،  أسبوعيا والتى تشمل الكلى تقدير أألوزان النسبية لألعضاء الداخلية.٢

  . الثيموسيةغدةوال، البرسا غدة، الطحال، المعدة الغدية    

   -: الفسيولوجيةمقاييس ال.٣

  وقد تم تقدير جميع الصفات الفسيولوجية التالية أسبوعيا والتى تشمل

   نسبة الهيماتوآريت  .ب مستوى الهيموجلوبين               .أ

   عدد آرات الدم البيضاء  .د       عدد آرات الدم الحمراء     . ج

  ن الكلى وااللبيومين والجلوبيولين تقدير البروتي  .ذ

       (AST) مينو ترانزفيراس أسبارتات أ تقييم وظائف الكبد عن طريق تقدير إنزيمات .ر

  (ALT) .مينو ترانزفيراس      و االنين أ

  . حامض اليوريك والكرياتينينى تقييم وظائف الكلى عن طريق تقدير ترآيز .ز

  .(٤T) والثيروآسين  )T٣(ايودوثيرونين  التراى  الغدة الدرقيةتقدير هرموني  .س

  -:المصلية وذلك عن طريقاالستجابة المناعية تقدير  :القياسات المناعية. ٤



 ٣

الغنم     حقن تقدير األجسام المناعية المنتجة ضد     .١ ك   آرات الدم الحمراء الخاصة ب  وذل

   . من عمر الطيور١٨ على اليوم HA)(عن طريق اختبار تالصق الدم 

وذلك عن   النيوآاسل    التحصين بفيروس مرض   قدير األجسام المناعية المنتجة ضد     ت .٢

  . من عمر الطيور٢١ اليوم  علىHI)(طريق اختبار منع تالصق الدم 

         وغدة البرسا والكبدتم إجراء دراسة هستولوجية لكل من الكلى .  القياسات الهستولوجية.٥

  . الطيور من عمرالخامس عند األسبوع هاية فترة التجربةى ن                                    ف

   ما يلى فى هذة الدراسةوآانت أهم النتائج التى تم التوصل إليها

اف        . ١ زال والجف راض اله سين أع ة باالوآراتوآ ة ملوث ى عليق ذاة عل ور المغ رت الطي   أظه

 .سود لون ااتجمع معا وفى بعض األحيان إسهال ذوالكسل وفقد الشهية والت

وق    وارتفاع وزن الجسم واالستهالك الغذائى      أظهرت النتائج انخفاض فى   . ٢ سبة النف دل    ن ومع

ذائى  ل الغ حة التحوي صورة واض ى ب سين   ف ة باالوآراتوآ ور المعامل ردة الطي   بمف

  .اميع الطيور المغذاة على عالئق خالية من االوآراتوآسينمقارنة بمج

تحدة مع فيتامين ج إلى الطيور المغذاة على        أدى إضافة الخميرة سواء بمفردها أو م       

ن ضارة م أثيرات ال ل الت ى تقلي سين إل ة باالوآراتوآ ق ملوث ذا عالئ سم ه  الفطرى ال

  . اإلنتاجيةس المقاييهعلى هذ

وق ولكن                   آذلك أدت إضافة فيتامين ج بمفردة إلى تحسن فى وزن الجسم ونسبة النف

ام     ر فيت م يظه رة ول افة الخمي ن إض ل م صورة اق تهالك  ب ى االس سن ف ين ج اى تح

الغذائى أو التحويل الغذائى عند اضافتة إلى الطيور المغذاة على عالئق تحتوى على          

  .   االوآراتوآسين

صة وال        . ٣ د والقون ى والكب ن الكل ل م سبى لك وزن الن ادة ال ائج زي رت النت ة  أظه دة الغدي مع

ة   بصورة الثيمسا وكل من غدة البرسل وانخفاض الوزن النسبى  والطحال فى   معنوي

ة ة ملوث ى عليق ذاة عل ور المغ سينمجموعة الطي ردة باالوآراتوآ ا  بمف د مقارنته  عن

  .اميع الطيور المغذاة على عالئق خالية من االوآراتوآسينبمج

 فى األوزان النسبية    معنوىأدى إضافة الخميرة أو الخميرة مع فيتامين ج إلى تحسن           

م يظهر إضافة          . راتوآسين لهذة األعضاء المتأثرة بوجود االوآ     ة أخرى ل ومن ناحي



 ٤

أثيرات                   ل الت ة باالوآراتوآسين اى دور فى تقلي ور الملوث فيتامين ج إلى عالئق الطي

 .  الضارة لهذا السم على الوزن النسبى لهذة األعضاء

ذلك فى             أظهرت النتائج  .٤ انخفاض معنوي واضح فى نسبة الهيموجلوبين والهيماتوآريت وآ

د   رات ال دد آ ة      ع ق ملوث ى عالئ ذاة عل ور المغ ى الطي ضاء ف راء والبي م الحم

سين ردةباالوآراتوآ ى   بمف ة ف ن     عن ة م ق خالي ى عالئ ذاة عل ور المغ الطي

  .االوآراتوآسين

ائج  رت النت ضا أنأظه ور      أي ى الطي امين ج إل ع فيت رة م رة أو الخمي افة الخمي  إض

  الهيموجلوبينسن نسبة إلى تح أدتالمغذاة على عالئق ملوثة مع سم االوآراتوآسين

ى        البيضاءو  الحمراء عدد آرات الدم  و والهيماتوآريت ذاة عل  مقارنة مع الطيور المغ

  . عالئق تحتوى على االوآراتوآسين بمفردة

ة               ومن ناحية أخرى لم تؤدى إضافة فيتامين ج إلى الطيور المغذاة على عالئق ملوث

ى     وظ ف سن ملح ى اى تح سين إل سبة الهيمباالوآراتوآ ت   ن وبين والهيماتوآري وجل

 .   وآذلك فى عدد آرات الدم الحمراء والبيضاء

ز            أوضحت. ٥ ذلك ترآي ومين وآ  النتائج انخفاض مستوى سيرم الدم من البروتين الكلى وااللبي

ة ب      سين مقارن ة لالوآراتوآ ور المعرض ى الطي ولين ف ى  طيورالالجلوبي ذاة عل المغ

  . عالئق خالية من االوآراتوآسين

ق                ارت النتائج إلى أ   أشأيضا   ى العالئ امين ج إل ا أو مع فيت رة بمفرده ن إضافة الخمي

سين    ن االوآراتوآ ضارة م أثيرات ال ل الت ى تقلي سين أدت إل ة باالوآراتوآ الملوث

ومين                ى مستوى االلبي ذلك عل ولين وآ بمعنوية على مستوى البروتين الكلى والجلوبي

ة أخرى أظهرت ا        . ولكن بصورة غير معنوية    امين ج        ومن جه ائج أن إضافة فيت لنت

سين    سمم باالوآراتوآ ى الت ة إل ور المعرض ى الطي ردة إل سن  أدىبمف ى تح ر إل   غي

 .معنوى فى محتويات السيرم من البروتين وااللبيومين أو الجلوبيولين

 مستوى سيرم الدم  معنوية فى   زيادة إلى  بمفردة أدت معاملة دجاج التسمين باالوآراتوآسين    . ٦

ات  ن إنزيم ة ALT, AST م ن    طيورال بمقارن ة م ق خالي ى عالئ ذاة عل  المغ

د  ى وظائف الكب سين عل ضارة لالوآراتوآ أثيرات ال ى الت ة عل  .االوآراتوآسين دالل

سمم                       ور المعرضة للت ى الطي امين ج إل رة مع فيت رة أو الخمي بينما أدى إضافة الخمي



 ٥

د ال      ات الكب ى انزيم وى ف سن معن ى تح ق إل ى العالئ سين ف أثرة باالوآراتوآ مت

  . باالوآراتوآسين

ق دجاج  ى عالئ ردة ال امين ج بمف ائج أن إضافة فيت ة أخرى أظهرت النت ومن ناحي

ة                  د المرتفع ر فى وظائف الكب التسمين الملوثة باالوآراتوآسين لم يؤدى إلى اى تغيي

 . نتيجة وجود االوآراتوآسين فى العالئق

ع أو   . ٧ سين م ود االوآراتوآ ى أن وج ائج إل ارت النت اج   أش ق دج ى عالئ امين ج ف دون فيت  ب

ن     سيرم م وى ال ى محت وى ف اع معن ى ارتف سمين أدى إل ك الت امض اليوري   ح

ن            ة م ق خالي ى عالئ ذاة عل ور المغ اميع الطي ع مج ا م د مقارنته اتينين عن والكري

االوآراتوآسين بداية من األسبوع الثانى بالنسبة لليوريك اسيد ومن االسبوع الثالث          

ين وحتى نهاية التجربة وأيضا عند مقارنتها مع الطيور المغذاة على بالنسبة للكرياتين

د                     امين ج عن رة مع فيت رة أو الخمي ا الخمي عليقة ملوثة باالوآراتوآسين مضاف إليه

  .االسبوع الرابع والخامس من العمر

ة           سمين المحتوي أدت إضافة الخميرة أو الخميرة مع فيتامين ج إلى عالئق دجاج الن

ز حام        على االوآر  اتينين     ضاتوآسين إلى انخفاض معنوى فى ترآي  اليوريك والكري

فى سيرم الطيور عند مقارنتها مع الطيور المغذاة على عليقة ملوثة باالوآراتوآسين            

ى                        سمى من االوآراتوآسين عل ل الفعل ال رة فى تقلي د للخمي أثير المفي ى الت داللة عل

ى ائف الكل اج ال  . وظ ى دج امين ج إل افة فيت ا إض م  أم ود س ى وج سمين ف ت

أثير االوآراتوآسين                     ل ت ة فى تقلي و بدرجة قلبل االوآراتوآسين لم يظهر اى دور ول

 .على وظائف الكلى

و   أظهرت الطيور المعاملة باالوآراتوآسين زيادة معنوية فى      . ٨ وانخفاض   T٣ن   مستوى هرم

و ونمعن ستوى هرم ى م ع  T٤ى واضح ف ا م ور البمقارنته ق طي ى عالئ ذاة عل المغ

  .ية من االوآراتوآسينخال

امين ج فى           رة مع فيت رة او الخمي آان هناك تأثير معنوى واضح نتيجة إضافة الخمي

  .  فى دجاج التسمينT٣تقليل التأثيرات السامة لالوآراتوآسين على مستوى هرمون 



 ٦

ون   ستوى هرم سبة لم ا بالن امين ج   T٤أم ع فييت رة م رة او الخمي ان إضافة الخمي ف

ور الم ق الطي ضارة  لعالئ أثيرات ال ض الت ى خف سين أدت إل ة باالوآراتوآ لوث

  .لالوآراتوآسين ولكن بدون تأثير معنوى إال فى األسبوع الخامس من التجربة

سمين       اج الت ى دج امين ج إل افة فيت ضا أن إض ة أي ذة الدراس ى ه ائج ف رت النت أظه

وى ضد    سن معن ى اى تح ؤدى إل م ت سين ل ة باالوآراتوآ ق ملوث ى عالئ ذاة عل  المغ

ونى    ستوى هرم ى م سين عل سامة لالوآراتوآ أثيرات ال وال٤ T و ٣ Tالت رة  ط  فت

 .التجربة

ائج أن . ٩ حت النت أثير أوض اك ت لبى هن سين على  س ح لالوآراتوآ ة   واض تجابة المناعي االس

صلية سين   . الم ة باالوآراتوآ ث أدت المعامل ىحي اضإل ى   انخف ح ف وى واض   معن

ة     ال        ضد آ     المنتجة  مستوى األجسام المناعي راء الخاصة ب دم الحم ذلك  رات ال غنم وآ

روس مرض النيوآاسل       ار      ضد في رات االختب ة ب  خالل آل فت ذاة   مقارن الطيور المغ

  على عالئق خالية من االوآراتوآسين

سمين        ى دجاج الت ومن ناحية أخرى أدت إضافة الخميرة أو الخميرة مع فيتامين ج إل

ى          ة باالوآراتوآسين إل ة ملوث وم       ز المغذى على عليق د الي ة عن ادة معنوي  ١٠ و ٧ يني

ة المنتجة       من االختب  ٣غير معنوية عند اليوم     وزيادة   ار فى مستوى األجسام المناعي

وم            . ضد التحصين بفيروس مرض النيوآاسل     د الي ة عن ادة معنوي اك زي آذلك آان هن

جسام المناعية المنتجة    فى مستوى األ   ١٠ و ٣ط وزيادة غير معنوية عند اليومين      فق ٧

النضد حق راء الخاصة ب دم الحم ى  آرات ال ذاة عل الطيور المغ ا ب د مقارنته غنم عن

  .عليقة ملوثة باالوآراتوآسين فقط

ة                   ق الملوث ى العالئ امين ج إل أما بالنسبة لفيتامين ج فقد أظهرت النتائج أن إضافة فيت

ار فى مستوى                   رات االختب باالوآراتوآسين لم يظهر اى تحسن معنوى خالل آل فت

سام  د      األج الغنم أو ض ة ب راء الخاص دم الحم رات ال ن آ د حق ة ض ة المنتج المناعي

  .التحصين بفيروس مرض النيوآاسل

ى   واضحة فى  هستولوجية حدوث تغييراتإلىوجود االوآراتوآسين فى العالئق     أدى  . ١٠ الكل

ا  د والبرس د . والكب امين ج    وق ع فيت رة م رة أو الخمي افة الخمي ى أدت إض ة  إل حماي

أما إضافة  . تأثيرات الضارة لالوآراتوآسين على الكلى والكبد والبرسا  الطيور من ال  



 ٧

م يظهر اى                    ة باالوآراتوآسين ل سمين الملوث ى عالئق دجاج الت  فيتامين ج بمفردة إل

ة              الطيور حمايةفى   دور ة جزئي  ضد التغيرات الحادثة فى الكلى ولكنة أدى إلى حماي

  . البرسا نتيجة لالوآراتوآسينبصورة قليلة ضد التغيرات الناتجة فى الكبد و

ة يمكن استخالص أن           االوآراتوآسين هو واحد من     سم  ومما سبق من خالل هذة الدراسة فان

ائف           ى وظ سمين وعل ور الت اج طي اءة إنت ى آف ؤثر عل ى ت ة الت سموم الفطري د ال ر واش اخط

عل  ما يجاألعضاء وآذلك على صورة وآيميائية الدم وأيضا فهو عامل مثبط للجهاز المناعى م      

  .الطائر عرضة لإلصابة باألمراض

سمين المعرض       إلى  الخميرة او الخميرة مع فيتامين ج      إضافة أن أيضا الدراسة   أثبتت  دجاج الت

ؤدى باالوآراتوآسين عالئق ملوثة  التغذية على    إلى ى  ت ذا      إل سامة له أثيرات ال يط الت  وقف وتثب

ى   سم الفطرى عل اجى األداءال اعى وواألداء االنت ى  المن ذلك عل ائف أوزانآ ضاء ووظ  األع

  . التسمينفى دجاج مقاييس الدم والمقاييس الكيميائية ىالداخلية وعل

ا إضافة امين أم ردة فيت ى ج بمف ورإل ق الطي ة  عالئ سين الملوث ر اى باالوآراتوآ م يظه ة ل  فان

ى                        ر ملحوظ عل ى تحسن طفيف غي ؤدى إل ة ي تثناء أن تحسن على المقاييس المذآورة سابقا باس

وق                سبة النف دم وانخفاض ن ات ال ة أخرى      . بعض المقاييس مثل وزن الجسم وبروتين ومن ناحي

ة           سمين الخالي ى عالئق دجاج الت ى حدة أو متحدين إل فان إضافة الخميرة أو فيتامين ج آال عل

ة الصحية                          ى تحسن فى الحال ؤدى إل ا ت ل إنه لبية ب رات س من االوآراتوآسين لم تظهر اى تغي

  .اج التسمينواإلنتاجية لدج

امين ج                           رة مع فيت رة  أو الخمي ى استخدام الخمي ذة الدراسة إل ومن خالل هذة النتائج توصى ه

ت     واء آان ل الظروف س ة تحت آ دة والنافع ا المفي ك لتأثيراته سمين وذل اج الت ق دج ى عالئ ف

          .    العالئق ملوثة  أو غير ملوثة بالسموم الفطرية

 


