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Abstract 

 

Three hundreds and sixty male one-day-old broilers (Cobb), were distributed to three experiments, one hundred and 

twenty chicks for each, in order to elucidate the efficiency of 0.05, 0.15 and 0.25% Mycofix addition, in reducing the liver 

aflatoxin M1(AFM1) residual level in chicks fed diets contaminated with Aflatoxin at a rate of 2.5, 3.5 and 5 ppm. Chicks 

were reared for 28 days. At the end of the experiments, chicks were killed by cervical dislocation and livers were collected for 

determination of liver AFM1 residual level. Determination was performed using thin layer chromatography method. Results 

showed that the addition of 0.25% mycofix to the feeds contaminated with 2.5, 3.5 ppm were responsible for reducing liver 

residual AFM1 levels.  
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Introduction 

 

Aflatoxins (AF) are class of mycotoxins produced by 

fungal species of the genus Aspergillus (A. flavus, A. 

parasiticus and A. nomius), which are included in the 

disfurocumarocyclopentanon (1). They are potent 

mycotoxins that contaminate feed ingredients routinely 

used for poultry rations. Major forms of AF include B1, B2, 

G1, and G2, with AFB1 being the most common and 

biologically active component (2). Natural contamination of 

broiler feed with AF has been recently documented here in 

Mosul province (Iraq) (3,4). The toxicity of AF in broiler 

chickens has been widely investigated by the determination 

of their carcinogenic, mutagenic, teratogenic (5,6) and 

growth inhibitory (7,8) effects, biochemical–hematological 

(9,10), immunological (11,12) and pathological (13,14) 

effects. In addition, affected birds retain residues of the 

aflatoxin in their tissues (15,16). These residues are highest 

in the liver, gizzard and kidney, but there exists a large 

individual bird variation in the amount of residues retained 

and in the duration of time required for their total clearance 

(17). Trucksess et al. (18) found aflatoxin residues in all 
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edible tissues of all hens fed 8 ppm, when scarified 7 days 

after exposure, with the highest levels of B1 was found in 

the liver and ova and M1 in kidney. 

Micco et al. (19) investigated the residual levels of B1 

and its metabolites (B2a, M1 kidney and Ro) in tissues and 

organs of male broiler chickens and laying hens after long–

term administration of a diet contaminated with 50 ppb 

AFB1. Residual levels of aflatoxins B1, M1, and Ro were 

detected in liver, kidney and thigh muscles of both male 

broilers and hens. 

Aflatoxins are of primary public health concern 

including aflatoxin B1, B2, G1 and G2 and an animal 

metabolite, aflatoxin M1, which occurs in meat, eggs and 

primarily in milk when lactating dairy cows are fed rations 

containing aflatoxin B1 (20,21). Owing to the well-known 

carcinogenic effects, several studies have highlighted the 

importance of establishing appropriate food safety 

management programs for aflatoxins (22). Producers, 

researchers and governments aim to develop effective 

prevention management and decontamination technologies 

to minimise the toxic effects of AF. Besides of the 

preventive management, relatively new approaches have 

been employed including physical, chemical and biological 

treatments to detoxify AF in contaminated feeds and 

feedstuffs (23). Since the beginning of 1990s, the 

adsorbent-based studies have been performed to remove AF 

from contaminated feed and alleviate the toxicity of AF in 

poultry (24). Zeolites (25), bentonites (26) and clinoptilolite 

(CLI), natural zeolites and a member of heulandite– stilbite 

group (27), were preferred because of their high binding 

capacities for AF and their reducing effect on AF 

absorption from the gastrointestinal tract. A new promising 

adsorbent, Mycofix, was effectively used in poultry for 

amelioration of ochratoxicosis and aflatoxin due to the dual 

mode of adsorption of mycotoxins with suitably located 

polar functional groups like AF by selective blend of 

minerals (28), and for alleviation of T-2 toxicosis (29), 

aflatoxin inducing coccidiosis (30). The aim of the present 

study was to evaluate the effectiveness of Mycofix in 

reducing aflatoxin metabolite M1 residues in liver of 

broilers fed diet contaminated with graded levels of 

aflatoxins. 

 

Materials and methods 

 

The experiments were carried out in the animal house 

research division and the department of veterinary public 

health at the college of veterinary medicine, university of 

Mosul.  

 

Broilers: Three hundreds and sixty, male one-day old 

broilers (Cobb), obtained from local hatchary, were divided 

to three experiments, one hundred and twenty chicks for 

each, they were weighed individually, wing banded, and 

housed in a heated battery cages under continuous 

fluorescent lighting. Feed and water were provided ad 

libitum. Chicks were reared in individual wire cages for 28 

days and fed a standered broiler diet with 22.0 % crude 

protein and 2950 metabolizable energy (Kcal/kg). Diets 

were designed to satisfy the recommendations of the NRC 

(1984) (31). Mixed feeds used in all experiments were 

checked and confirmed to be free from aflatoxin, 

ochratoxin and zearalenone as determined by thin-layer 

chromatography (32). 

 

Aflatoxin: Aflatoxin was prepared through inoculation of 

rice by Aspergillus parasiticus NRRL 2999 (Kindly 

obtained from the college of Agriculture and Foresty, 

University of Mosul) (33,34). Fermented rice was then 

autoclaved and ground. The aflatoxin content was measured 

by spectophotometric analysis (Multi-purpose ultra-violet 

spectrophotometer/Desaga) (35), which modified by (36). 

The percentages of aflatoxins content in the powder were 

81, 14, 4, and 1% form the types of aflatoxins B1, G1, B2, 

and G2, respectively. The rice powder was incorporated 

into the basal diet to produce the desired level of 2.5, 3.5, 

and 5 ppm in each of the experiments.  

 

Mycofix plus 3.0®: Mycofix plus 3.0 is the product of 

Biomin® GTI GmbH. Herzogenbeurg, Austria. Mycofix® 

Plus originally contained the components: Synergistic blend 

of minerals, Biological constituent, Synergistic blend of 

minerals, Biological constituent, BBSH 797, phytogenic 

substances, and Phycophytic constituents (44). 

 

Design of the experiments: Three experiments were 

carried out, in each experiment one hundred and sixty, one-

day old, male broiler chicks were randomly assigned into 

eight treatments (20 birds /group, 10 birds /replicate). 

The first experiment include: Control group; 0.0 

mycofix or aflatoxin. Mycofix 0.05% (Biomin ®/Austria). 

Aflatoxin 2.5 ppm. Aflatoxin 3.5 ppm. Aflatoxin 5 ppm. 

Mycofix 0.05 % +Aflatoxin 2.5 ppm. Mycofix 0.05 % 

+Aflatoxin 3.5 ppm. Mycofix 0.05 % +Aflatoxin 5 ppm.  

The second experiment was designed as the following: 

Control group; 0.0 mycofix or aflatoxin. Mycofix 0.15%. 

Aflatoxin 2.5 ppm. Aflatoxin 3.5 ppm. Aflatoxin 5 ppm. 

Mycofix 0.15 % +Aflatoxin 2.5 ppm. Mycofix 0.15 % 

+Aflatoxin 3.5 ppm. Mycofix 0.15 % +Aflatoxin 5 ppm.  

The third experiment involved the following: Control 

group; 0.0 mycofix or aflatoxin. Mycofix 0.25%. Aflatoxin 

2.5 ppm. Aflatoxin 3.5 ppm. Aflatoxin 5 ppm. Mycofix 

0.25 % +Aflatoxin 2.5 ppm. Mycofix 0.25 % +Aflatoxin3.5 

ppm . Mycofix 0.25 % +Aflatoxin 5 ppm.  

Chicks in all treatments were killed at the end of the 

experiment (28 days) by cervical dislocation; livers were 

collected from 20 birds of each treatment in order to get 

samples of 100 g liver tissues/group. 



Iraqi Journal of Veterinary Sciences, Vol. 23, Supplement I, 2009 (37-44)  

Proceedings of the 5
th

 Scientific Conference, College of Veterinary Medicine, University of Mosul 

 

 39 

 

Determination of afm1 in liver: 

Determination of AFM1 in liver samples was 

performed according to the method adopted from official 

methods of analysis of the Association of Official 

Analytical Chemists (1982) (37). The method was briefly as 

follows: Liver samples were collected from 20 birds of each 

group and homogenized (up to four samples/group, with 

100 gs of liver tissues/sample). To the homogenized 

samples 10 ml of 20% citric acid were added and 

thoroughly mixed in a flask with a heavy glass stirring rod. 

The stirred samples were allowed to settle about 5 minutes 

and then were stirred again. After second stirring 200ml of 

dichloromethane were added and vigorously shacked for 30 

min. The mixture was filtered in an Erlenmeyer flask 

containing 10 gm of sodium sulphate. The filtrated 

materials were then evaporated to near dryness in a bath at 

about 45
o
C. Clean up of the samples were carried out by 

column packed with sodium sulphate, silica gel, sodium 

sulphate. Twenty five ml of dichloromethane were added to 

the concentrated residual dried liver samples. The content 

then swirled gently to complete residual dissolving. The 

dissolved content were then transferred to column, and 

allowed to drain freely to top of sodium sulphate Column 

was then washed with 25 ml glacial acetic `acid: toluene 

(1:9), then with 25 ml of hexane and with 25 ml of 

acetonitrile: diethyl ether: hexane (1:3:6). The column was 

eluted with 60 ml of a mixture of dichloromethane and 

acetone (1:4). Aflatoxins were obtained after evaporation of 

the organic solvent in a water bath at about 45C
o
. Hundred 

µl acetonitril: benzene (1:9) were added to dry residue and 

mixed vigorously for about 1 min for AFM1 determination 

by thin layer chromatography (Merk/Germany). Two 

directional thin layer chromatography analysis method was 

used for AFM1 determination by applying 20 µl aliquot of 

the sample on 20X20 TLC plates (Merck ready made 

plates, 25 mm thickness) with 5 and 10 µl of standard 

AFM1 (Sigma). Plates were positioned in direction 1, in a 

developing tank containing isopropanol:acetone:chloroform 

(8:10:82). Developing was continued until the solvent 

reaches the score line, then plates were removed, dried and 

positioned in the second direction in a second developing 

chamber containing water: methanol: diethyl ether (1:6:93). 

Plates then were removed after solvent reaches the score 

line, dried and examined under long-wave UV light (365 

nm). Calculation of the mass fraction, w, of AFM1 was as 

follows: 

                       Ps Vs V1 V2 

              W = --------------- (mg/kg)  

                        M V2 V4 

Where Ps= mass concentration of standard M1 solution 

(0.25mg/L). 

 Vs= Volume of standard spot giving fluorescence intensity 

equal to that of sample spot (µl). 

 V1=Final volume of sample extract (100µl). 

 V2= volume of sample extract spot (20 µl). 

 V3=Volume of dichloromethane employed (200 ml). 

 V4=Volume of filtrate record. 

 M=mass of sample (100g). 

 

Statistical analysis: 

All experimental data were subjected to the analysis of 

variance (38). Least square means were compared by 

Duncan's multiple range test. All statements of differences 

were based on significance of P<0.05.  

 

Results 

 

Experiment 1 

The effect of inclusion 0.05% Mycofix in the AF 

contaminated diets with 2.5, 3.5 and 5 ppm AF on their 

liver residual AFM1 levels is presented in Figure 1. Results 

showed that no AFM1 residues were detected in the liver of 

groups 1 and 2, when fed diets free from AF. Feed 

contaminated with AF at a rate of 2.5, 3.5 and 5 ppm in-

groups 3, 4 and 5, was responsible for a significant 

(P<0.05) increasing proportion of liver residual AFMI 

levels with each increase in AF level, and were 12.3, 17.1 

and 22.1 ppb respectively. The adsorption effect of 0.05% 

Mycofix addition on AF contaminated diets in treatments 6, 

7 and 8 was not significant through the numerical reduction 

of residual AFM1 in livers of chicks in these groups to 

11.6, 16.4 and 21.7 ppb respectively, i.e., 6,4 and 2% 

respectively (Figure 1). 

 

 
 

Figure 1: The effect of inclusion 0.05% Mycofix on AFM1 

liver residue for chicks fed AF contaminated diets at 2.5, 

3.5 and 5 ppm for 28 days of age. 

abc Values in column with no common superscripts differ 

significantly (P<0.05). 
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Experiment 2 

The effect of inclusion 0.15% Mycofix on AFM1 liver 

residue for chicks fed contaminated diets at 2.5, 3.5 and 5 

ppm AF for 28 days of age is presented in Figure 2. Feed 

contaminated with 2.5, 3.5 and 5 ppm in groups 3, 4 and 5, 

was responsible for an increasing proportion of liver 

residual AFMI levels with each increase in AF level, and 

were become 12.1, 17.5 and 22.9 ppb respectively. The 

adsorption or even absorption effect of 0.15% Mycofix 

addition on AF contaminated diets in treatments 6, 7 and 8 

was evident through the non significant reduction of 

residual AFM1 in livers of chicks in these groups to 10.8, 

16.1 and 21.5 ppb respectively, The percentage of this 

reduction was proportional with each increase in the 

Mycofix inclusion rate, and were 10, 8 and 6% 

respectively.  

 

 
 

Figure 2: The effect of inclusion 0.15% Mycofix on AFM1 

liver residue for chicks fed AF contaminated diets at 2.5, 

3.5 and 5 ppm for 28 days of age. 

abc Values in column with no common superscripts differ 

significantly (P<0.05). 

 

Experiment 3 

The effect of inclusion 0.25% Mycofix on AFM1 liver 

residue for chicks fed contaminated diets at 2.5, 3.5 and 5 

ppm AF for 28 days of age is presented in Figure 3. Results 

showed that Feed contaminated with 2.5, 3.5 and 5 ppm AF 

in groups 3, 4 and 5, was responsible for an increasing 

proportion of liver residual AFMI levels with each increase 

in AF level, and were 12.4, 17.3 and 22.2 ppb respectively. 

The adsorption effect of 0.25% Mycofix addition on AF 

contaminated diets in treatments 6,7 and 8 was evident 

through the significant (P<0.05) reduction of residual 

AFM1 in livers of chicks in these groups to 7.5, 12.3 and 

17.8 ppb respectively, compared with their respective 

groups that fed AF alone. The percentages of reduction 

were 40, 30 and 20% respectively.  

 

 
 

Figure 3: The effect of inclusion 0.25% Mycofix on AFM1 

liver residue for chicks fed AF contaminated diets at 2.5, 

3.5 and 5 ppm for 28 days of age.  

abc Values in column with no common superscripts differ 

significantly (P<0.05). 

 

Collectively there was an increasing trend to the 

adsorption of AF by mycofix with each increase in its 

inclusion rate from 0.05 to 0.25% to the AF levels in the 

three experiments. The percentages of the reduction in liver 

AFM1 residue were graduated from 2% when Mycofix was 

added at its lowest level (0.05%) to the diet contaminated 

with 5 ppm (experiment 1), to 65.3%, when the chicks in 

the experiment 3 fed a diet contaminated with 2.5 ppm and 

amended with 0.25% Mycofix (Figure 4). The relative AF 

levels in experimental feeds to the resulting liver AFM1 

residual levels are presented in Tables 1, 2 and 3. From 

table 1 it is evident that there was very limited advantage in 

the addition of Mycofix at a rate of 0.05% to the diets 

contaminated with 2.5, 3.5 and 5 ppm in improving the 

relative feed: tissue AF levels, and were 6, 4 and 2% 

respectively. In favor of Mycofix with AF than AF alone. 

Some more benefit was gained with the raising Mycofix 

addition dose to 0.15% and its addition to the 2.5, 3.5 and 5 

ppm contaminated diets on the percentages of the relative 

feed: tissue AF levels which were 12, 8.7 and 6.5 

respectively in favor chicks fed both AF and Mycofix 

compared with those chicks fed AF alone (Table 2).  

The best results obtained for the relative feed: tissue 

AF levels were those found in groups of chicks fed AF 

contaminated with 2.5, 3.5 and 5 ppm levels and amended 

with the highest Mycofix inclusion rate of 0.25%. The 

percentages of advantages were 65.3, 40.6 and 24.6 

respectively (Table 3). 
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Figure 4: Increasing trend of AF adsorption with increasing 

Mycofix inclusion rate and decreasing AF contamination 

rate in experimental studies. 

 

Table 1: Relative AF levels in feed to AFM1 residue levels 

in liver of chicks at 4 weeks, when Mycofix added at a rate 

of 0.05% to AF contaminated diets. 

. 

AF 

ppm 

Mycofix 

% 

Liver 

residual 

level 

AFM1 

ppb 

Conversion 

factor 

AF in Feed: 

AFM1 in 

liver ppb 

Compared 

with AF 

group (%) 

2,5 - 12.3 203.2  

3,5 - 17.1 204.6  

5 - 22.1 226.2  

2,5 0.05 11.6 215.5 +6.0 

3,5 0.05 16.4 213.4 +4.0 

5 0.05 21.7 230.4 +2.0 

 

Table 2: Relative AF levels in feed to AFM1 residue levels 

in liver of chicks at 4 weeks, when Mycofix added at a rate 

of 0.15% to AF contaminated diets. 

 

AF 

ppm 

Mycofix 

% 

Liver 

residual 

level 

AFM1 

ppb 

Conversion 

factor 

AF in feed: 

AFM1 in 

liver 

ppb 

Compared 

with AF 

group (%) 

2,5 - 12.1 206.6  

3,5 - 17.5 200  

5 - 22.9 218.3  

2,5 0.15 10.8 231.4 +12.0 

3,5 0.15 16.1 217.3 +8.7 

5 0.15 21.5 232.5 +6.5 

 

Table 3: Relative AF levels in feed to AFM1 residue levels 

in liver of chicks at 4 weeks, when Mycofix added at a rate 

of 0.25% to AF contaminated diets. 

 

AF 

ppm 

Mycofix 

% 

Liver 

residual 

level 

AFM1 

ppb 

Conversion 

factor 

AF in feed: 

AFM1 in 

liver 

ppb 

Compared 

with AF 

group (%) 

2,5 - 12.4 201.6  

3,5 - 17.3 202.3  

5 - 22.2 225.2  

2,5 0.25 7.5 333.3 65.3 

3,5 0.25 12.3 284.5 40.6 

5 0.25 17.8 280.8 24.6 

 

The effect of dietary AF and AF with Mycofix on the 

residual AFM1 level in the liver with respect to action level 

in experimental chicks are presented in Figure 5. From 

figure it is clear that all residual AFM1 levels in livers of 

chicks fed diets contaminated with 2.5 and 3.5 ppm AF 

alone or those groups of chicks fed diets with these AF 

levels and 0.05% and 0.15% had residual AFM1 levels at or 

higher than the permissible action levels. Both the 

mentioned Mycofix addition levels of 0.05% and 0.15% to 

the 5 ppm AF contaminated diets were not effective in 

returning residual AFM1to the acceptable action level of 20 

µg kg-1 or less, while this was significantly (P<0.05) 

achieved only after feeding chicks with diet amended with 

0.25% Mycofix. 

 

 
 

Figure 5: The permissible AFM1 levels (< 20 ppb) in livers 

of chicks fed AF and AF with Mycofix in three 

experimental studies. 

*1=5 ppm AF 2=5 ppm AF + 0.05% Mycofix 3=5 ppm AF 

4=5 ppm AF+0.15% Mycofix 5=5 ppm AF 6=5 ppm AF + 

0.25% Mycofix 

abc Values in column with no common superscripts differ 

significantly (P<0.05) 
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Discussion 

 

Mycotoxin contamination of foods, feeds, animal 

derived products like eggs, milk, milk products and meats is 

very complicated issue, especially in the developing 

countries, especially those located in the tropical and sub-

tropical regions with warm climates, which favor the 

growth of AF producing Aspergilli (39). 

Humans in these countries including our country, Iraq, 

will be exposed to the AF and their metabolites if they 

urged to consume contaminated animal products when 

these animals ate feed containing aflatoxin (40). Really, we 

cannot eliminate mycotoxin contamination from our 

foodstuffs, because AF problem in foods is longstanding, 

unavoidable and seemingly inextricable (41,42). The recent 

study performed by us here in Mosul governorate show that 

the level of AF contamination of broilers feed estimated by 

Elisa test, were ranged from 22 to2263 ppb (43). So, 

limiting theses AF levels was strongly needed to reduce the 

adverse effects of AF-contaminated feed commodities on 

animal health, and then through the food chain, human 

health. 

Mycofix plus product line represents specially 

developed additives that protect animal health by 

deactivation of mycotoxins taken in with respectively 

contaminated feed. Their sophisticated dual mode of 

adsorption of mycotoxins with suitably located polar 

functional groups like AF by selective blend of minerals 

(44). 

Our results show that the addition of 0.05%, 0.15% and 

0.25% mycofix to the feeds contaminated with 2.5, 3.5 ppm 

were responsible for reducing liver residual AFM1 levels to 

the action or permissible levels of AF in human foods of 

(20 ppb). Reducing liver residual AFM1 levels to that of 

acceptable one after increasing AF contamination feed to 5 

ppb, was attained only by addition of 0.25% mycofix. 

These results were in accordance within the finding of 

maximum tolerated levels ppb for aflatoxins in foods of 

many countries, during 1987 and 1996, as they were in a 

medium of 4 µg kg-1 and a range of 0-50 ppb during 1987 

in 29 different countries, and in a medium of 4 µg kg-1 

during 1996, but with range of 0-30 ppb in 33 countries 

(45). It is interesting to note that the results of this 

experiment confirm the facts; that only the highest 

inclusion rate of Mycofix (2.5 kg/ton of feed) was effective 

in restoring AFM1 liver residual levels below FDA action 

level, when AF was added to the broiler feeds in three high 

levels of 2.5, 3.5 and 5 ppm, as recommended by the 

producers, who advise to add Mycofix at a rate of 0.25% 

when feed is contaminated with AF with levels >300 ppb. 

Using low and medium Mycofix levels to the mentioned 

AF feed contaminated diets were unable to reduce residual 

AFM1 liver levels to that of the permissible food and drug 

administration (FDA) level of 20 ppb (47). No attempt was 

tried to estimate residual AFM1 in muscle tissues, because 

very low levels or non detectable levels for residual AFM1 

was suspected to be found in muscle. As cleared by the 

experiment performed by (46), who found that broilers at 

30 days of age, AFM1 level was higher in liver than that in 

muscle, and that AFM1 was only found in liver and not in 

muscle till the end of 50 days experiment.  

It should be stressed that the obtained low residual 

AFM1 levels here, are not considered as completely safe, 

since the only safe level is "zero" (39). Although AFM1 has 

been tested less extensively, it appears to be toxicologically 

similar to AFB1. AFM1 is considered to be a genotoxic 

agent, based on its activity in vitro and its structural 

similarity with AFB1. It is a less potent liver carcinogen, 

with a probable carcinogenic potency in laboratory animals 

within a factor of 10 of AFB1 (48). The importance of 

AFM1 residues in animal products could be related to the 

associations which exist between consumption of AF in 

those carriages of hepatitis B virus and the risk of liver 

cancer is determined by the presence in serum of the 

hepatitis B surface antigen (HBsAg+ or HBsAg-) (49). 

About 50 to 100% of liver cancer cases are estimated to be 

associated with persistent infection of hepatitis B (or C) 

virus, i.e., AF in HBsAg+ individuals. Thus, reduction of 

the intake of AF in populations with a high prevalence of 

HBsAg+ individuals will have greater impact on reducing 

liver cancer rates than reductions in populations with a low 

prevalence of HBsAg+ individuals (50). Hepatocellular 

carcinoma is the most common cancer in the world with 

473,000 new cases appearing per year, with 80% of these 

cases appearing in developing countries. Moreover, there is 

substantial evidence that low-level exposure to AF may 

cause suppression of the immune system and increased 

susceptibility to disease (51). AF is also excreted in 

mother's milk and increases the morbidity of children with 

Kwashiorkor (52) and young are more sensitive than adults 

to AF.  

So, we tried to improve feed security and food safety in 

order to maintain markets and protect human health by 

using one of the most recently promising adsorbent, an AF 

binder adsorbent, Mycofix plus. 

 It should be stressed that special consideration should 

be taken in that feeds and foods must be examined for their 

contamination with AF. Many food products are tested by 

the food and drug administration (FDA) in the United 

States, the institute of public health in Japan and many 

other agencies around the world regularly in the 

marketplace for AF, including cereals, eggs, milk, cheese, 

yogurt and meats (53). Additional procedures that could be 

used for reducing the presence of mycotoxin contamination 

in food is the application of hazard analysis of critical 

control point (HACCP) principles (46). Therefore we need 

to work to improve feed security and food safety in order to 

maintain markets and protect human health.  
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 These practices should be employed in the more 

suspecting AF contamination foods and feeds in tropical 

and subtropical countries of high AF contamination levels, 

like our country Iraq.  

 

References 

 
1. Ellis WO, Smith JP, Simpson BK, Oldha JMH. Aflatoxin in food; 

occurrence, biosynthesis, effects on organisms, detection, and methods 

of control. Critical Rev. Food Sci. and Nutr 1991; 30:403-439. 

2. Busby WF, Wogan GN. Aflatoxins. Pages 3–27 in: Mycotoxins and N-

Nitrosocompounds, Environmental Risks. Vol. 2. R. C. Shank, ed. 

CRC Press Inc., Boca Raton, FL. 1981 

3. AL-Sadi HI, Shareef AM, AL-Attar MY. Outbreaks of aflatoxicosis in 

broilers. Iraqi J. V. Sci 2000;13:93-106. 

4. Shareef AM. Detection of aflatoxin in compound feeds of broiler 

flocks suffered from field aflatoxicosis. Iraqi J Vet Sci 2007;21 :65-74. 

5. Wild CP, Yin F, Turner PC, Chemin I, Chapot B, Mendy M, Whittle 

H, Kirk GD, Hall AJ. Environmental and genetic determinants of 

aflatoxin–albumin adducts in the Gambia. International Journal of 

Cancer 2000; 86:1–8. 

6. Sur E, Celik I. Effects of aflatoxin B1 on the development of bursa of 

Fabricius and blood lymphocyte acid phosphatase of the chicken. 

British Poultry Science 2003; 44: 558–566. 

7. Oguz H, Kurtoglu V, Coskun B. Preventive efficacy of clinoptilolite in 

broilers during chronic aflatoxin (50 and 100 ppb) exposure. Research 

in Veterinary Science 2000;69:197–201. 

8. AL-Jobory KMT, Shareef AM, Ibrahim IK. Efficiency of sodium 

bentonite in reducing aflatoxicosis in growing chicks: Effects on 

performance and blood chemistry. Iraqi Journal of veterinary sciences, 

2001; 14:223-230. 

9. Oguz H, Hadimli HH, Kurtoglu V, Erganis O. Evaluation of humeral 

immunity of broilers during chronic aflatoxin (50 and 100 ppb) and 

clinoptilolite exposure. Revue de Medicine Veterinaire 2003;154:483–

486 

10. Ibrahim IK, Shareef AM, AL-Jobory KMT. Efficiency of sodium 

bentenite in reducing aflatoxicosis in growing chicks: effects on blood 

parameters aflatoxin induced stress. Iraqi journal of veterinary sciences 

2001;14: 211-218. 

11. Qureshi MA, Brake J, Hamilton PB, Hagler WM, Nesheim S. Dietary 

exposure of broiler breeders to aflatoxin results in immune dysfunction 

in progeny chicks. Poultry Science1998; 77: 812–819. 

12. Ibrahim IK, Shareef AM, AL-Jobory KMT. Ameliorative effects of 

sodium bentonite on impairment phagocytosis and New castle disease 

antibody formation in broiler chicks during aflatoxicosis. Research in 

veterinary science 2000; 69:119 – 122. 

13. Dafalla R, Yagi AI, Adam SEI. Experimental aflatoxicosis in hybro-

type chicks; sequential changes in growth and serum constituents and 

histopathological changes. Veterinary and Human Toxicology1987; 

29: 222–225. 

14. Kiran MM, Demet O, Ortatatli M, Oguz H. The preventive effect of 

polyvinyl–polypyrrolidone on aflatoxicosis in broilers. Avian 

Pathology 1998;27: 250–255. 

15. Chen c, Pearson AM, Coleman TH, Grat JI, Pestka JJ, Dust SD. Tissue 

deposition and clearance of aflatoxin from broiler chickens fed a 

contaminated diet. Food Chem Toxicol, 1984;22:447-451. 

16. Naoom RAF. Estimation of aflatoxin residues for some ruminant and 

poultry (Local and imported) livers in Mosul. Msc thesis. Mosul, 2007. 

17. Wolzak A, Pearson AM, Coleman TH, Peskta JJ, Gray JI, Chen C. AF 

carryover and clearance from tissues of laying hens. Food Chem 

Toxico,1986;24:37-41. 

18. Truksess MW, Stoloff L. Determination of aflatoxicol and aflatoxins 

B1 and M1 in eggs. J Assoc Off Anal Chem,1984; 67:317-320. 

19. MiccoC, Miraglia M, Benelli L, Onori R, Ioppolo A, Mantovani A. 

Long administration of low doses of mycotoxinsin poultry.2.Residues 

of ochratoxin A and aflatoxins in broilers and laying hens after 

combined administration of ochratoxin A and aflatoxin B1. Food 

Addit Contam, 1988; 5:309-314.  

20. Naoom RAF. Estimation of aflatoxin residues for some ruminant and 

poultry (Local and imported) livers in Mosul. MSc thesis. Mosul, 

2007. 

21. AL-Naemi HAS. Estimation of aflatoxin levels for some raw milk 

types and cheeses (local and imported) in Mosul city. Msc thesis. 

Mosul. 2007. 

22. Lopez-Garcia RL, Park DL, Phillips TD. Integrated mycotoxin 

management system. In: Food nutrition and agriculture.Editorial 

group, FAO, Information Division, Rome, Italy, 23, 1999.  

23. CAST, Council for agricultural science and technology. Mycotoxins: 

Risks in plant, animal, and human systems. Council for agricultural 

sciences and technology task force report, NO, 139, Ames, Iowa, 

USA.2003. 

24. Ibrahim LK, Shareef AM, AL-Joubory KTM. Ameliorative effects of 

sodium bentonite on phagocytosis and Newcastle disease antibody 

formation in broiler chickens during aflatoxicosis. Res Vet 

Sci,2000;69:119-122.  

25. Miazzo R, Rosa CAR, De Queiroz CEC, Magnoli C, Chiacchiera SM, 

Palacio G, Saenz M, Kikot A, Basaldella E and Dalcero A. Efficiency 

of synthetic zeolite to reduce the toxicity of aflatoxin in broiler chicks. 

Poult Sci, 2000;79:1-6.  

26. Rosa CAR, Miazzo R, Magnoli C, Salvano M, Chiacchiere SM, 

Ferrero S, Saenz M, Carvalho CQ and Dalcero A. Evaluation of the 

efficacy of bentonite from the south of Argentina to ameliorate the 

toxic effects of aflatoxin in broilers. Poult Sci, 2000;80:139-144.  

27. Oguz H, Kurtoglu V. Effects of clinoptilolite on performance of 

broiler chickens during experimental aflatoxicosis. Br poult Sci, 

2000;41:512-517.  

28. Garcia AR, Avila E, Rosiles R, Petrone VM. Evaluation of two 

mycotoxin binders to reduce toxicity of broiler diets containing 

ochratoxin A and T-2 toxin contaminated grain. Avian Dis 

2003,47:691-699.  

29. Zahir Abdul-L JB. The use of some adsorbents in decreasing T-2 toxin 

effect on broiler health and production. Msc. thesis. Mosul.Iraq. 2005.  

30. AL-Sbawi DMT. Ameliorative effect of mycofix plus.3.0in reducing 

intensity of Emeria tenella infection during Aflatoxicosis in broiler 

chicks. Msc thesis Mosul Iraq.2005. 

31. National Research Council. Nutrient Requirements of poultry.8th Rev. 

Ed. NAS-NRC, Washington, DC,1984 

32. Soares LM, Rodringuez-Amaya DB. Survey of aflatoxins, ochratoxin 

A, zearalenone, and sterigmatocystin in some Brazilian foods by using 

multi-toxin thin-layer chromatographic method. J Assoc Off Anal 

Chem1989;72:22-26.  

33. Shotwell OL, Hessettine CW, Stubblefield RD, Sorenson WG. 

Production of aflatoxin on rice. Appl Microbiol, 1966;14:425. 

34. West S, Wyatt RD, Hmilton PB. Increases yield of aflatoxin by 

incremental increases of temperature. Appl Microbiol, 1973;25:1018-

1019. 

35. Nabney J, Nesbit BF. A spectrophotometric method of determining the 

aflatoxin. Analyst,1965;90:155-160. 

36. Wiseman HG, Tacobson WC, Harmyer WE. Note on removal of 

pigments from chloroform extracts of aflatoxin cultures with copper 

carbonate. J Assoc of Agric Chem, 1967; 50:982-983. 

37. Association of Official Analytical Chemists. In: Egan H, Stoloff L, 

Scot P, Castegnaro M, O Nell IK, Bartsch H. Environmental 

carcinogens. Selected methods of analysis. Volume 5- some 

mycotoxins. WHO. United Nations. International Agency For 

Research On Cancer. Environmental programme.Lyon.1982: 227-244. 

38. Bruning JI, Kintz BL. Computation handbook of statistics. Scott 

Foreman and Co. Glenview Illinios,1977:18. 

39. David MW, Wellington M, Zeljko J. Biology and ecology of 

mycotoxigenic Aspergillus species as related to economic and health 

concerns, In: Mycotoxins and food safety, DeVries W, Truksess W, 



Iraqi Journal of Veterinary Sciences, Vol. 23, Supplement I, 2009 (37-44)  

Proceedings of the 5
th

 Scientific Conference, College of Veterinary Medicine, University of Mosul 

 

 44 

Jackson LS.A advances in experimental medicine and biology. Kluwer 

Academic/Plenum Publishers.USA.2002;504:3-17. 

40. Van Egmond HP, Dekker WH. Worldwide regulations for mycotoxins 

in 1994. Natural Toxins,1995;3:332-336. 

41. Phillips TD, Sarr AB, Grant PG. Selective chemisorptions and 

detoxification of aflatoxins by phyllosilicate clay. Natural 

toxins,1995;3:204. 

42. Phillipa TD. Dietary clay in the chemoprevention of aflatoxin-induced 

disease.Toxicol.Sciences1999;52:118. 

43. Shareef AM. Detection of aflatoxin in compound feeds of broiler 

flocks suffered from field aflatoxicosis. Iraqi J Vet Sci 2007;1:65-74. 

44. Mycofix® plus 3.0. A modular system to deactivate mycotoxins. 

Biomin® GTI GmbH. Herzogenbeurg, Austria 2000. 

45. Hans P Van E. Worldwide regulations for mycotoxins, In: Mycotoxins 

and food safety, DeVries W, Truksess W, Jackson LS. Advances in 

experimental medicine and biology. Kluwer Academic/Plenum 

Publishers.USA.2002; 504:257-269. 

46. Douglas LP, Terry CT. U.S. Perspective on mycotoxin regulatory 

issues. In: Mycotoxins and food safety,DeVries W, Truksess W, 

Jackson LS. Advances in experimental medicine and biology.Kluwer 

Academic/Plenum Publishers.USA.2002; 504:277-285.. 

47. Bintvihok SK. Aflatoxin and its metabolites residues in tissues and 

fecal excretion levels of aflatoxin B1 and its metabolites of duckling 

given feed containing aflatoxin and esterified glucomannan The11 

international symposium of the world association of veterinary 

laboratory diagnosticans and OIE seminar on biotechnology,2003:9-

13. 

48. Shu-Yuan C, Chien-Jen C, Shan-Ru C,Ling-Ling H, Liang-Yueh W, 

Wei-Yann T, Habibul A, Regina M. S. Association of Aflatoxin B1-

Albumin Adduct Levels with Hepatitis B Surface Antigen Status 

among Adolescents in Taiwan. Cancer Epidemiology, Biomarkers & 

Prevention, 2001;10:1223-1226. 

49. Cullen JM, Ruebner BH, Hsieh LS, Hyde DM, Hsieh DP. 

Carcinogenicity of dietary aflatoxin M1 in male Fischer rats compared 

to aflatoxin B1. Cancer Res., 1987;47: 1913-1917. 

50. Sara HH, Bosch FX, Bowers JC. Aflatoxin, hepatitis and worldwide 

liver cancer risks, In: Mycotoxins and food safety, De Vries W, 

Truksess W, Jackson LS.Advances in experimental medicine and 

biology. Kluwer Academic/Plenum Publishers. USA.2002; 504:229-

233. 

51. Peska jj, Bondy GS. Immunotoxic effects of mycotoxins, in: 

Mycotoxins in grain: Compounds other than aflatoxin, Miller JD, 

Trenholm HI. (eds), Eagan Press, st. Paul, MN. 1994. 

52. Adhikari M, Ramjee G, Berjak P. Aflatoxin, Kwashiorkor and 

morbidity. Natural toxins,1994;2:13. 

53. Wilson DM, Abramson D. Mycotoxins, in: Storage of cereal grains 

and their products, Sauer DB, ed, American Association Of Cereal 

Chemists, St.Paul, MN.1992. 

 

 

 


