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ABSTRACT 

 The aim of the present study is to investigate the effect of ammonia and clay on 

detoxification of aflatoxins contaminated Rabbits' rations. Four rations (control, aflatoxin 

contaminated ration, contaminated ration treated with ammonia (1%) and contaminated ration 

treated with clay (2%)) fed to 40 New Zealand male rabbits (10 animals each). The digestion 

coefficients, nutritive values, nitrogen intake, fecal nitrogen, urinary nitrogen, nitrogen 

balance, nitrogen absorption as well as the nitrogen balance/nitrogen intake percentage and 

the nitrogen absorption/nitrogen intake percentage were increased in all studied groups but 

with different values. Rabbits fed on aflatoxin contaminated ration showed an increase in 

serum urea, creatinine and bilirubin levels compared to aflatoxin free ration and the other 

experimental groups. The increased level of blood urea may be due to the direct effect of 

aflatoxin on kidney and liver, as urea is the end product of protein catabolism. On the other 

hand, the groups of aflatoxin contaminated ration treated with either clay or ammonia appear 

that the levels of urea, creatinine and bilirubin return to their normal level. These findings 

were indicating the detoxification role of clay and ammonia on aflatoxin contaminated ration.  

 

KEYWORDS: Aflatoxins, Rabbits' Rations, Ammonia, Clay, Kidney, Digestion 

Coefficients, Nutritive Values, Urea, Creatinine, Bilirubin 

 

INTRODUCTION 

 The scientific study of mycotoxin began in 1960, when a large number of turkey 

poults died in England due to consumption of contaminated ground nut meal imported from 

Brazil (Blout, 1961). A toxigenic fungus identified as Aspergillus flavus was isolated from 

the groundnuts and the toxigenic principle was named aflatoxin, meaning A. flavus toxins. 

The fungi, Aspergillus flavus, Aspergillus parasiticus, A. clavatus and A. nominus produce 

aflatoxins. A. flavus is the most common producer (Bradburn et al., 1993). These fungi occur 

principally in the soil and decaying vegetation. The four major aflatoxins are aflatoxin B1, B2, 

G1 and G2. Aflatoxins M1 and M2 are hydroxylated metabolites of aflatoxins B1 and B2 
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respectively in animals. Aflatoxins have a very wide range of biological activities particularly 

B1, which causes great economic losses and poses health, hazards both to human and farm 

animals. The consumption of mycotoxin contaminated commodities is related to several acute 

and chronic diseases in human and animals (Bhat and Miller, 2010) and the diseases or 

physiological abnormalities resulting from exposure to mycotoxins are known as 

"Mycotoxicosis". These toxins are harmful to humans and livestock and they enter 

subsequently into milk and milk-based foods (Makun et al., 2009). The main sources of mycotoxins 

in human and animal nutrition are usually grains and grain-based products and the presence of 

mycotoxins cannot be assessed on the basis of appearance of fungal growth (Petterson and Aberg, 

2002; Danks et al., 2003; Coronel et al., 2010). 

Al-Habib et al. (2007) stated that the dietary dose of AFB1 for 30 days to mature albino rats was 

sufficient to produce acute tubular necrosis. The corpuscular changes indicated by the increase in the 

B/G ratio can be attributed to compensatory hypertrophy. They attributed the gain in weight to the fluid 

retention that accompanies the ensuing renal damage. 

Reduction of AFB1 in food sources by various decontamination procedures has been studied 

extensively. Inactivation of aflatoxin by physical and chemical methods has not yet proved to 

be effective and economically feasible (Mishra and Das, 2003). However, biological 

detoxification offers an attractive alternative for eliminating toxins and safe-guarding the 

quality of food and feed. In recent years it became clear that fungi play a major role in the 

degradation of AFB1. The biosynthesis of AFB1 by cultures of A. flavus and A. parasiticus 

reaches a maximum, where after it is degraded, presumably under nitrogen limiting 

conditions (Hamid and Smith, 1987; Shih and Marth, 1975).  

Detoxification of aflatoxins in food and feed has been attempted in the past.  For instance, 

Senegal operates commercial facilities to detoxify peanut cake contaminated with aflatoxins 

by ammonia process (Simpson et al., 2001; Hope et al., 2003; Bhat and Miller, 2010).  

However, any detoxification procedure must be tested for safety and efficacy and these 

results increased handling costs and also the detoxified products has been considered suitable 

only for animal feed purposes and not for human consumption (Cardwell et al., 2001). 

Materials and methods 

Animals 

Forty growing New Zealand white male rabbits aged one month and half were divided into 4 

groups. All groups were equal in number (10 rabbits each). All rabbits were approximately 

similar in their initial body weight at the beginning of the experiment. They were fed the 
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experimental rations to meet nutrient requirements of rabbits during the growing period 

according to Nutrient Research Council (NRC) (1977). 

The experimental groups: 

Group 1 (G1): Aflatoxin free ration (control group). 

Group 2 (G2): Aflatoxin contaminated ration. 

Group 3 (G3): Aflatoxin contaminated ration treated with 2% clay (Nowar et al., 2001). 

Group 4 (G4): Aflatoxin ammoniated ration, treated with 1% anhydrous ammonia (Sundstol 

et al., 1978). 

For each dietary treatment three rabbits were randomly chosen at the middle and the end of 

the experimental period, all rabbits were fasted before slaughtering. The slaughters were 

performed at 45 and 90 days of the experimental period. The three rations groups were 

compared to a control ration free from aflatoxin contamination. 

Production of aflatoxin: 

Aflatoxin was produced according to the method of Shotwell et al. (1966) and Sharon et al. 

(1973). The quantitative assay of aflatoxin in ration was done according to the method of 

Shannon et al. (1983). 

Ammonia treatment: 

Anhydrous ammonia (NH3) was transmitted and injected at the rate of 1% (Sundstol et al., 

1978). The treated ration was left covered for 3 weeks and then it was taken off and left for 3 

days before introducing to animals. 

Infection of tested ingredients: 

All ration ingredients were infected with liquid filtrate of A. flavous which was grown on 

yeast extraction media. The final concentration of aflatoxin B1 in ration ingredients was 500 

ppb (on DM basis). 

The digestibility trials: 

The digestibility trials were designed to evaluate the feeding value of the rations and their 

effect on nutrients digestion. The samples of feed and feces were analyzed to calculate 

nutrients digestion coefficient and the nutritive value for each dietary treatment as described 

by Abou Raya et al. (1974). The total digestibility nutrient was calculated according to the 

method described by Cheeks et al. (1982). 

The Nitrogen balance: 

The total nitrogen in the feed and urine were determined by Micro Kjeldahl method as 

described by Chibnall et al. (1943). 
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Analytical methods: 

The chemical analysis of the experimental rations and dried feces were done to the 

conventional methods (AOAC, 1990) for dry matter (DM), crude protein (CP), crude fiber 

(CF), ether extract (EE) and ash. The nitrogen free extract (NFE) and the organic matter 

(OM) contents were also calculated. 

Collection of serum samples: 

Blood samples were obtained from the rabbits of each group in the morning before feeding 

after 0, 45 and 90 days of the experimental periods. Serum was collected and subsequent to 

the analysis of urea, creatinine and total bilirubin levels. 

Determination of serum urea: 

Serum urea (mg/dl) was performed according to Fawcett and Soctt (1960) method. 

Determination of serum creatinine: 

Serum creatinine (mg/dl) was measured according to the method described by Folin (1934) 

and Jeff (2008). 

Determination of serum total bilirubin: 

Serum total bilirubin (mg/dl) was measured according to the method described by Jendrassik 

and Grof (1938) and Doumas et al. (1973). 

Statistical analysis: 

Data were collected and tabulated and then the means subjected to statistical analysis. 

Duncan multiple range test was used for separation of means (Duncan, 1955). All statistical 

analysis was done   according to SAS (1998). 

Results 

In the present study, the reduction in digestibility coefficients (table 1) of nutrients showed by 

rabbits fed aflatoxin contaminated ration, caused reduction in the feeding value of diet (table 

2). The nitrogen utilization by rabbits at different experimental periods was presented in table 

(3). The nitrogen intake, fecal nitrogen, urinary nitrogen, nitrogen balance, nitrogen 

absorption as well as the nitrogen balance/nitrogen intake percentage and the nitrogen 

absorption/nitrogen intake percentage were increased in all studied groups but with different 

values. Regarding the levels of urea, creatinine and bilirubin of rabbits fed on aflatoxin 

contaminated ration, table (4) illustrated increases in urea, creatinine and bilirubin levels 

compared to aflatoxin free ration and other experimental groups. On the other hand, the 

aflatoxin contaminated ration treated with either clay or ammonia appears to improve the 

kidney functions by returning the levels of urea, creatinine and bilirubin to their normal level.  
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Discussion 

In the present study, it was found that, reduction in digestibility coefficients of nutrients 

showed by rabbits fed aflatoxin contaminated ration, caused reduction in the feeding value of 

diet expressed as total digestible nutrients (TDN), digestible crude protein (DCP) and 

digestible energy (DE). Furthermore it reduced feed intake as dry matter intake (DMI), total 

digestible nutrients intake (TDNI), digestible crude protein intake (DCPI) and digestible 

energy intake (DEI). Crude protein (CP) digestion is more sensitive, while crude fiber (CF) 

and ether extract (EE) digestion are less sensitive to aflatoxin; these results are agreed with 

Hamilton (1986); Abd El-Galil (1987) and Fayed (1999). They found that rabbits fed 

aflatoxin contaminated ration recorded less value of digestion coefficient of nutrients, 

nutritive values and feed intake as harmful effect of aflatoxin. 

Nowar et al. (1996) showed that rabbits were given aflatoxin contaminated diet had lowered 

digistabilites of CP, CF, EE and nitrogen free extract (NFE) than those fed the non 

contaminated diet. The reduction in digestion coefficients were increased as the period of 

feeding was prolonged, and reported that crude protein digestion was more sensitive, while 

crude fiber digestion was less sensitive to aflatoxin toxicity. In the meantime, the relative 

percentage of nitrogen balance to nitrogen intake and nitrogen absorbed to nitrogen intake is 

higher in the control and treated groups than aflatoxin treated group. These results were 

mainly related to high content of crude protein for uncontaminated and treated groups. 

Neathery et al. (1980) found that nitrogen retention was reduced in aflatoxin B1 fed calves; 

they suggested that this effect may be partially due to reduced feed intake. On the other hand, 

aflatoxin contaminated ration treated with 2% clay or 1% ammonia recorded higher value of 

digestion coefficient, nutritive value and feed intake than group G2 and they were closer to 

control group. In the meantime, G4 had higher values of DCP and DCPI and nitrogen 

utilization of ration than other experimental groups and closer to control group. These could 

be due to the higher crude protein content followed ammoniation and the less CF content, 

which reflect on its digestion by rabbits and the increase in feed intake and rate of passage in 

the alimentary tract (Sundstol  et al., 1978 and Saenger  et al., 1983). Fayed (1999) suggested 

that the ammoniation can prevent the acute aflatoxicosis produced by aflatoxin. 

The results recorded for clay treatment group was agreed with Nowar et al. (1996), they 

reported an improvement in digestibility of nutrients with rabbits fed the aflatoxin diet plus 

bentonite compared to those fed aflatoxin diet alone. These results indicated that the high 
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capability of bentonite in preventing the adverse effect of aflatoxin on the digestion of 

nutrients. 

Nowar et al. (2001) showed that when bentonite added to aflatoxin contaminated ration, it 

can provide protection against aflatoxicosis in rabbits. However, this protection is almost 

total when bentonite is added to aflatoxin diet at level of 2%.  

Rabbits fed on aflatoxin contaminated ration showed an increase in urea, creatinine and 

bilirubin levels compared to aflatoxin free ration and other experimental groups. Soliman 

(1998) stated that urea and creatinine were increased significantly in aflatoxin contaminated 

ration groups. Fayed (1999) and Nowar et al. (2000 and 2001) reported that the increased 

concentrations of blood urea and creatinine could be indicator for kidney injury caused by 

aflatoxin toxicity. Mahrous (1997), Matari (2001) and Abd El-Baki et al. (2002) stated that 

animals fed aflatoxin contaminated ration had higher levels of creatinine and urea than that of 

the control group. The increase level of blood urea may be due to the direct effect of aflatoxin 

on kidney and liver, as urea is the end product of protein catabolism. The increased level of 

blood urea may be correlated to the either increased breakdown of tissue protein or due to the 

impairment of urea excretion (Bush, 1991). 

In the present study, concentration of serum total bilirubin during the different experimental 

periods was found to gradually increase due to the aflatoxin toxicity; this may be correlated 

to the dose and duration of aflatoxicosis. Similar results had been observed by Fayed (1999) 

and Abd El-Baki et al. (2002), they showed that the total bilirubin concentration increase in 

rabbits fed aflatoxin contaminated ration. 

Bonomi et al. (1994) stated that in pigs, hepatic and renal lesions were directly related to 

aflatoxin dose. Nephrotubular lipidosis was observed at dietary doses of 650-800 µg/Kg. In 

agreement with the present results, Al-Habib et al. (2007) found that the oral AFB1 administration 

to rats was shown to affect both tubules and glomeruli. They add that the B/G ratio was designed to 

provide a sensitive parameter for the variations in the size of the renal space, the increase in B/G ratio 

in the experimental animals indicate that renal changes attributed AFB1 administration are not confined 

to tubules but also involve renal capsules. However, it should be born in mind that the increase in the 

ratio does not indicate whether it was due to glomerular shrinkage, corpuscular hypertrophy or both.  

On the other hand, the treatment the aflatoxin contaminated ration with either clay or 

ammonia appears to return the levels of urea, creatinine and bilirubin to their normal level. 

These findings were indicating the detoxification role of clay and ammonia on aflatoxin 

contaminated ration (Norred and Morrissey, 1983; Ghaffar et al., 1988; Lindemann et al., 
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1993 and Jones et al., 1996). So, ammoniation or clay addition proved to be recommended as 

a cheapest way to inhibit the fungus growth and can detoxificate its effect in rabbit’s feeds.  

 

Table (1):  Apparent digestibility coefficients of the experimental rations fed to growing 
rabbits at 45 and 90 days periods. (Mean ± SE). 

Item G1 G2 G3 G4 
45 days period 

DM 70.42a  ± 3.11 58.50b  ± 1.53 67.33a  ± 2.13 64.62ab ± 1.18 

OM 71.89a  ± 2.18 58.08b  ± 3.00 69.47a  ± 1.90 66.71a ± 3.14 

CP 72.12ab  ± 1.46 59.23c  ± 1.41 73.15ab  ± 4.41 74.32a ± 5.46 

CF 33.56c  ± 3.82 23.07d  ± 1.12 38.12ab  ± 3.24 39.43a ± 1.45 

EE 83.84a  ± 2.65 77.56b  ± 1.61 83.74a  ± 2.26 86.85a ± 1.73 

NFE 79.98a  ± 1.42 66.80c  ± 2.90 74.59b  ± 1.85 70.62bc ± 1.76 

90 days period 

DM 71.93a  ± 0.76 55.19b  ± 1.66 67.44a  ± 2.32 68.46a ± 2.56 

OM 73.11a  ± 0.62 56.99b  ± 1.63 70.04a  ± 2.44 70.70a ± 2.46 

CP 73.39a  ± 0.63 53.56b  ± 1.79 73.50a  ± 4.92 75.46a ± 1.27 

CF 34.84b  ± 0.86 24.46c  ± 0.97 37.50ab  ± 1.17 39.32a ± 0.54 

EE 82.40ab  ± 0.73 78.64b  ± 0.86 85.51a  ± 2.61 83.36ab ± 1.86 

NFE 81.19a  ± 0.66 64.73c  ± 2.13 73.79b  ± 0.60 72.00b ± 0.76 

 
a, b, c and d: Means in the same row with different superscripts are significantly different (P<0.05) 

 Group 1 (G1): Aflatoxin free ration.  
 Group 2 (G2): Aflatoxin contaminated ration.   
 Group 3 (G3): Aflatoxin contaminated ration treated with clay. 
 Group 4 (G4): Aflatoxin ammoniated ration. 

o DM: Dry matter 
o OM: Organic matter 
o CP: Crude protein 
o CF: Crude fiber 
o EE: Ether extract 
o NFE: Nitrogen free extract 
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Table (2):  The nutritive values (%) of the experimental rations fed to growing rabbits 
at 45 and 90 days periods. (Mean ± SE). 

Item G1 G2 G3 G4 
45 days period 

TND 69.31a  ± 0.21 55.93d  ± 1.67 63.26bc  ± 2.11 64.49b ± 1.21 

% Difference 
from  G1 

- -19.30 -8.73 -6.95 

DCP 12.45b  ± 1.28 7.89e  ± 0.21 10.20d  ± 0.18 13.56a ± 0.98 

% Difference 
from  G1 

- -36.63 -18.07 +8.92 

DE(Kcal/g) 304.70a  ± 3.72 248.77c  ± 4.12 276.88b ± 6.69 285.63b ± 5.71 

% Difference 
from  G1 

- -18.36 -9.13 -6.26 

90 days period 

TND 70.20a  ± 0.45 53.28d  ± 1.45 63.08b  ± 0.07 65.47b ± 0.57 

% Difference 
from  G1 

- -24.10 -10.14 -6.74 

DCP 12.62b  ± 0.09 8.21d  ± 0.27 10.22c  ± 0.22 14.01a ± 0.23 

% Difference 
from  G1 

- -34.94 -19.02 +11.01 

DE(Kcal/g) 309.85a  ± 2.61 232.79d  ± 6.12 285.64b ± 9.63 290.21b ± 2.59 

% Difference 
from  G1 

- -24.87 -7.81 -6.34 

 
a, b, c, d and e : Means in the same row with different superscripts are significantly 

different (P<0.05) 
 Group 1 (G1): Aflatoxin free ration.  
 Group 2 (G2): Aflatoxin contaminated ration.  
 Group 3 (G3): Aflatoxin contaminated ration treated with clay. 
 Group 4 (G4): Aflatoxin ammoniated ration.  

o TDN: Total digestible nutrients 
o DCP: Digestible crude protein 
o DE: Digestible energy 
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Table (3):  Nitrogen utilization of rabbits fed the experimental rations at 45 and 90 days 
periods.(Mean ± SE). 
 

Item G1 G2 G3 G4 
45 days period 

NI (g/h/day) 2.53a  ± 0.10 1.74b ± 0.16 2.17ab  ± 0.30 2.38a ± 0.99 

FN (g/h/day) 0.69ab  ± 0.03 0.68ab  ± 0.11 0.51b  ± 0.08 0.60ab ± 0.13 

UN (g/h/day) 0.63a  ± 0.14 0.52a  ± 0.22 0.62a  ± 0.12 0.41a ± 0.10 

NB (g/h/day) 1.22a ±0.21 0.45b±0.16 1.04a ±0.10 1.37a ±0.24 

NA (g/h/day) 1.85a ±0.10 1.07b±0.17 1.66a ±0.29 1.79a ±0.12 

NB/NI (%) 48.22ab ±3.31 31.03b±4.40 47.93ab ±2.60 57.56a ±22.14 

NA/NI (%) 73.12a ±3.4 61.49b±3.13 76.50a ±2.46 75.21a ±2.06 

90 days period 

NI (g/h/day) 2.56a  ± 0.14 1.71c ± 0.07 2.10b  ± 0.11 2.40ab ± 0.07 

FN (g/h/day) 0.64c  ± 0.04 0.92a  ± 0.01 0.46e  ± 0.01 0.54d ± 0.03 

UN (g/h/day) 0.66a  ± 0.01 0.62a  ± 0.02 0.21c  ± 0.02 0.39b ± 0.03 

NB (g/h/day) 1.25a ±0.13 0.17b±0.09 1.44a ±0.08 1.48a ±0.08 

NA (g/h/day) 1.92a ±0.14 0.79c±0.07 1.64ab ±0.10 1.86b ±0.06 

NB/NI (%) 48.83b ±2.38 9.94c±4.59 68.57a ±0.37 61.67a ±1.41 

NA/NI (%) 75.00a ±1.35 46. 20c±2.35 78.10a ±0.69 77.50a ±0.45 

a, b, c, d and e: Means in the same row with different superscripts are significantly 
different (P<0.05) 

 Group 1 (G1): Aflatoxin free ration.  
 Group 2 (G2): Aflatoxin contaminated ration.   
 Group 3 (G3): Aflatoxin contaminated ration treated with clay. 
 Group 4 (G4): Aflatoxin ammoniated ration.  

o NI:  Nitrogen intake  
o FN:  Fecal Nitrogen  
o UN:  Urinary Nitrogen  
o NB:  Nitrogen balance  
o NA:  Nitrogen absorption  
o NB/NI  ratio 
o NA/NI  ratio 
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Table (4):  Mean values of serum urea (g/dl), creatinine (g/dl) and total bilirubin (mg/dl) 
concentrations for rabbits fed the experimental rations at different experimental 
periods.  (Mean ± SE).  
Periods (days) G1 G2 G3 G4 

Serum urea (g/dl) 

0 25.28 ± 0.90 25.31 ± 0.14 25.33 ± 0.02 25.29 ± 0.13 

45 25.44d±0.93 53.05a±0.04 27.16c ±0.13 25.51d ±0.06 

90 25.32c±0.93 63.16a±0.49 26.68c ±1.22 25.26c ±1.33 

Serum creatinine (g/dl) 

0 1.15 ± 0.01 1.18 ± 0.01 1.16 ± 0.01 1.18 ± 0.01 

45 1.10c±1.10 2.65a±0.90 1.31c ±1.30 1.17c ±0.10 

90 1.21d±0.02 3.63a±0.04 1.36c ±0.02 1.20d ±0.01 

Serum total bilirubin (mg/dl) 

0 0.44 ± 0.21 0.42 ± 0.20 0.41 ± 0.22 0.43 ± 0.12 

45 0.41c±0.10 0.73a±0.02 0.44bc ±0.12 0.42c ±0.09 

90 0.40c±0.30 0.85a±0.10 0.43bc ±0.02 0.42bc ±0.88 

a, b, c and d: Means in the same row with different superscripts are significantly different 
(P<0.05) 

 Group 1 (G1): Aflatoxin free ration.  
 Group 2 (G2): Aflatoxin contaminated ration.  
 Group 3 (G3): Aflatoxin contaminated ration treated with clay. 
 Group 4 (G4): Aflatoxin ammoniated ration.  
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