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Kaolin and activated charcoal were incorporated at 0.5% in diet to 
evaluate their ability to reduce the deleterious effects of 30 ppb total aflatoxin 
(AF) in broiler chicken. A total of 320 one-day old broiler chicks were 
divided into 4 equal treatment groups (control, AF contaminated, AF plus 
kaolin and AF plus activated charcoal). Chicken fed on diet containing 30 ppb 
AF for 45 days showed a significant decrease in live body weight and body 
weight gain with 20% mortality rate. Adition of kaolin and activated charcoal 
to the AF contaminated diet at 0.5% level reduced the mortality rate and 
improved body weight gain and efficiency of feed utilization. 
Histopathologicaly, the livers of birds of all groups except the control one 
showed focal hepatic necrosis, biliary epithelial hyperplasia, and granulomas. 
Pathological changes were highest among AF treated group. No AF residue 
could be detected in liver, breast, thigh and heart muscles in all birds. 

Introduction: 
Aflatoxin (AF), a group of closely related extremely toxic chemicals, are 

produced by Aspergillus flavus and Aspergillus parasiticus~ They can occur 
as natural contaminants of poultry feeds. The contamination of agricultural 
products with fungi that are able to produce mycotoxin is often unavoidable. 
Mycotoxins cause a wide variety of adverse clinical signs depending on the 
nature and concentration of mycotoxin, duration of exposure, ani~al 
species, and age and nutritional and health status at the time of exposure to 
the contaminated feed. The exposure of poultry to these toxins can mean the 
difference between profit and loss in poultry industry (Kaya et a I., 1990; 
Lesson et al., 1995). The world-wide problem of mycotoxicosis is reflected 
by the fact that ~ver 60 countries have either legislation or proposed 
legislation for the ~ontrol of mycotoxicosis in both humen and animal feed 
(Vanegmond, 1995). There is no effective way of destroying mycotoxin 
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once is fonned. Practical and effective methods to detoxify AF containing 
feedstuffs are in great demand. A variety of physical, chemical and 
biological approches have beenrted (Goldblatt and Dollear, 1979; Andrson, 
1983; Smith, 1984; Philips et aI., 1988; Gazia et al., 1991; Park, 1993 and 
Santurio et aI., 1999). Another approach to the problem has been to use non­
nutritive and inert adsorbents in the diet to bind AF and reduce their 
absorption from gastrointestinal tract. These compounds must not be 
absorbed from gastrointestinal tract and must have the ability to bind 
physically with the chemical substances and precludes their absorption. The 
major advantages of these adsorbents include expense, safety, and easy 
administration through addition to the animal feed (Ledoux et al., 1999). 
Zeolites (hydrated sodium calcium aluminosilicat (Kubena et al., 1993 & 
1998; Kececi et al., 1998; and Ledoux et aI., 1999), activated charcoal 
(Dalvi and Ademoyero, 1984; Dalvi and McGowan, 1984; Kubena et at, 
1993 & 1998) and clinoptilolite (Oguz et al., 2000) have been used for this 
purpose. Food and Drugs Administration (FAD) of the United States of 
America estimated 20 ppb as tentative maximal allowance tolerance of AF 
in broiler feed. The objectives of this study were to evaluate the efficiency 
of two binding agents (kaolin and activated charcoal) for protection against 
low-level Aflatoxicosis, in broiler chicken. Growth p~rfonnance, 
histopathological change, and AF residue in the edible meat were utilized as 
evaluatory parameters. 

Materials and Methods 
Chicken and diets 

Three hundred and twenty of one-day old broiler chicks (Hubbard) of 
both sex obtained from a commercial hatchary were used in this study. 
Ckicks were individually weighed and divided randomlly into four equal 
designated groups 1, 2, 3 and 4. Chicks were allowed access to feed and 
water ad libitum . Basal diet was formulated according to tne National 
Research Council (NRC, 1994) requirement. The basal diet was tested for 
possible residual AF before feeding (Samuel, 1978). The experiment lasted 
45 days. 

Aflatoxin preparation: 
Aspergillus jlavus was grown on com meal as described by Harvey et at. 

(1989),and Kubena et al. (1990 & 1993) . The contaminated AF com was 
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analyized for AF content using Thin Layer Chromatography (TLC) Samuel 
(1978). The contaminated com was incorporated into diets every three days 
to achieve the desirable concentration of 30 J.l g total AF I kg of feed. 

Experimental design: 
The experimental chicks were allocated into four groups 0 f 80 chicks 

each. Each group was fed as follows: group 1, control basal diet; group 2, 
basal diet plus 30 J.l g AF Ikg; group 3, basal diet plus 30 J.l g AF I kg plus 
0.5% kaolin; group 4, basal diet plus 30 J.l g AF / kg plus 0.5% activated 
charcoal (Table 1). 

Birds were observed daily for mortality and adverse clinical signs 
throughout the experimental period. Feed consumption and body- weight 
were determined weekly. On days, 20, 30, and 45 (end of experiment) 5 
chicken of each group were weighed and slaughtered. A detailed necropsy 
was performance. The liver, spleen, bursa of fabricous and thymus were 
weighed. Specimens of these organs were col~ected in 10% neutral buffer 
formalin and processed for histopathology by standard paraffin method. 
Tissue sections of 3.5 J.lm thickness were cut and stained with haematoxylin 
and eosin. Samples of breast and thigh muscles, heart, and liver were 
analysed for AF residue using TLC technique according to the method of 
Stzelecki (1978). 

Statistical analysis: 
The data for live body- weight, body- weight gain, feed gain and relative 

weight of internal organs were expressed as mean + pooled standard error of 
means. Statements of statistical significane were based on Pc 0.05, using 
analysis of variance. 

Results: 
There was a significant (P ~ 0.05) reduction in body -weight gain (7%) 

in chicken fed diet contaminated with 30 ppb AF compared to the control 
group. The decrease in body weight gain caused by AF was diminished by 
addition of 0.5 % of either kaolin or activated charcoal (Table, 1). Body 
weight gain was not significantly influenced when both kaolin and activated 
charcoal were added to the diet contaminated with AF compared with 
control basal diet group. The efficiency of feed utilization (kg feed / kg body 
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Table (1) 

Effect of Koalin ( K ) and activated charcoal ( C ) on body weight gain, 
Efficiency of feed utilization and mortality (%) of broilers fed 30 ppb AF for 45 days 

K C Initial body Final body Body weight 
Change Feed 

0.50% 0.50% weight (g) weight (g) gain (g) 
from efficiency 

control(%) kglkg 

- - 41.23 ± 1.0 14S0.83 ± 9S.0 1408.8a ± 90.3 0 2.4a ± O.IS 

- - 40.9a ± 1.2 13S0.0b ± 210.0 1309.6b±lS1.6 -7.04 3.2b ± 0.9 

+ - 39.9a ± 1.1 1410.0a± 10S.0 1370.1 3± 101.0 -2.74 2.7a±0.18 

- + 40.13 ± 0.9 1440.03 ± 110.0 1399.93 ± 99.2 -0.63 2.8a± 0.11 

Values represent the ( X = SEM ) of 15 broilers per treatment. 
a,b: means within a column with no common superscript letters are significantly different ( P ~ 0.05 ) 
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weight gain) was lower (P ~ 0.05) in group 2 chicks fed AF contaminated 
diet than the control group. Both groups 2 and 3 chicks fed AF 
contaminated diet plus either kaolin or activated charcoal showed similar 
values. Regarding mortality rate, chicken fed AF contaminated diet had the 
highest mortality rate of 20% followed by chicken fed AF contaminated diet 
and treated by kaolin or activated charcoal (Table, 1). No relevant 
macroscopic post mortem changes were observed at necropsy. 

Data presented in 'Fable (2), show the effect of dietary treatments on 
relative weight of liver, heart, spleen and bursa of fabricous. Feeding a diet 
contaminated by 30 p pb A F resulted ina s ignificanct increase in relative 
weight of liver at 20 days of age compared to other dietary treatments. There 
was non-significant increase in liver weight throughout the rest of the 
experimental period. A significant increase was recorded in weight of bursa 
of fabricous at 35 days of age, in group 3 chicks fed AF contaminated diet 
plus kaolin. No significant difference was observed in relative weight of 
heart or spleen in all groups throughout the experimental period. 

No AF residues were detected in specimens of breast and thigh muscles, 
heart, and spleen from birds slaughtered at 20, 35 and 45 days of age. 

It is clear that the type of the lesions were similar in all groups, where as 
the incidence and severity 0 f lesions were comparatively less common in 
groups treated with kaolin or activated charcoal. The liver of all chicken 
consuming diet contaminated by 30 ppb AF showed diffused areas of 
hepatic vacuolar ' degeneration. The hepatocytes appeared swollen, 
vaculated with pycknotic nuclei. Bile duct proliferation occussionaly 
associated with fibrosis, granuloma and periportal aggreg~tion of 
mononuclear cells and hetrophils and kupffer cell proliferation was 
observed in the liver (Fig. 1 ). Hyperplasia of epithelial lining of gall bladder 
was detected in two cases. Lymphoid depletion of bursa of fabricous was 
also seen. In group 3, chicks fed diet containing 30 ppb AF and 0.5% kaolin, 
there were focal areas of hydropic degeneration (Fig. 2). Fatty infiltration 
was detected in two birds. Hyperplasia of bile ducts, granulomas, focal areas 
of portal and parenchymal aggregation of mononuclear cells (Fig. 3) and 
hetrophils in association with hepatic necrosis (Fig. 4) and kupffer cell 
hyperplasia were observed in individual cases at 35 and 45 days of age. The 
hepatic lesions of chick fed diet containing 30 ppb AF and 0.5% activated 
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Table (2) 

Effect of kaolin (0.5% ) and activated charcoal ( 0.5% ) on relative weight ( g ) of 
internal organs of chicken fed diets containing 30 ppb aflatoxin for 45 day 

liver heart Spleen 
C 

0.5% 20d 35 d 45d 20d 35d 45d 20d 35d 45d 

3.23" 2.46" 2.3" 0.15 0.41 a 0.48 0.193 0.4 0.09' - ±0.07 ± 0.1 ±0.2 ±0.03 ±0.02 ±0.03 ± 0.003 ±0.003 ± 0.002 

3.S9b 2.99" 2.693 O.5S O.4S" 0.48 0.14' 0.15 0.07n 
-

±O ±0.41 ± 0.52 ± 0.06 ± 0.06 ±0.04 ± 0.003 ± 0.004 ± 0.006 

3.14" 2.69" 2.458 0.45 0.44" 0.37" 0.2' 0.34 O.OS' 
-

± 0.3 ± 0.53 ±0.4 ± 0.04 ±0.03 ± 0.05 ± 0.003 ± 0.005 ± 0.003 

2.99" 2.51" 2.4S" 0.54 0.43" 0.43" O. lla O. IS O.OSa 
+ ± 0.12 ± 0.33 ± 0.46 ± 0.03 ±0.05 ±0.06 ± 0.002 ± 0.007 ± 0.004 

-

a,b: means within a column with no common superscript letters are significantly different ( P ~ 0.05 ) 
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charcoal showed fibrinous perihepatitis (2 cases) moderate to diffuse areas 
of hepatic vacular degeneration, hyperplasia of bile ducts occassionally 
associated with fibrosis . Portal mononuclear and hetrophilic cell aggregation 
were also seen. These changes were observed after 35 days of treatement 
(Table 3) 

Table (3 ) 
Effect of addition of koalin and activated charcoal 

on histopathological lesions 
AF Koalin 

35d. 45d. 35d 45d 
Fibrinous Perihepatitis 

Fatty changes 2 
Hepatic degeneration 

a. Focal area 1 1 2 
b. Diffuse 3 1 1 

Billiary hyperplasia 3 1 2 1 
Fibrosis 2 1 1 

Hepatic necrosis 
a. Focal 3 1 3 3 
b. Diffuse 1 1 

Focal infltration with 
Mononuclus cells 3 2 2 1 

Hepatic infiltration 
Parenchymal 

3 1 3 
Granuloma 

Gall blader hyperplasia 2 1 
Hepatic heamorrhage 

1 
And thromb 

Hepatic dissociation 
2 

And cellular atrophy 
. Kupffer cell 

1 
Proliferation 
Congestion 1 

Bursa lymphoid 
1 

Depletion 
Heart focal area of necrosis 1 

Charcol 
35d 45d 

2 

2 
3 
2 
2 1 

3 1 

2 2 

1 
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Discussion: 
In this study, experimental aflatoxicosis was induced in broiler chickens 

by feeding 30 ppb AF/kg diet from one day old until 45 days old. In 
intoxicated broilers a significant decrease in body weight gain and 
efficiency of feed utilization as well as high mortality was observed. These 
results are in agreement with those of Bailey et al. (1998) and Kubena et al. 
(1998). The adverse effect of AF can be shown to inhibition of metabolizing 
capacity (Dalvi and Ademoyero, 1984), protein and nucleic acid synthesis 
(Smith and Hamilton, 1970) and suppress mitosis and DNA synthesis 
(Legator, 1966). These may explain the nucliobiotic changes, which were 
seen in the livers of AF, treated birds. 

The present study shows that addition of either kaolin or activated 
charcoal to AF contaminated diet tends to improve the body weight gain and 
feed utilization. Similar effects were reported by Dalvi and Ademoyero 
(1984) and Dalvi and McGown (1984). In contrast to these results, Kubena 
et al. (1990) reported that the addition of activated charcoal to the diet did 
not appear to have protective properties againist the effect of AFB 1. The 
level of AF used in this work was very low 30 I.l gl kg compared to level of 
10 ppm used by Delvi and Ademoyero (1984). Activated charcoal is non­
adsorbable carrier that adsorbe to toxic molecules, thereby eliminating their 
absotrption from the intestinal tract. Kubena et al. (1990) reported that 
addition of activated charcoal to AF contaminated diet increases mortality 
rate in chicken compared to those fed AF contaminated diet only, so 
activated charcoal may have actually exacerbated the toxic effect. This has 
not been observed in this study, as group 4 chicks fed charcoal plus AF 
contaminated diet had less mortality than either groups 1, 2 and 3 which 
were either fed AF contaminated diet alone or with kaolin. The 
histopathological lesions were also less severe in groups 4 and 3 than AF 
fed chicks (group 2). 

The present data shows that the relative weight of liver was significantly 
increased for chicks consuming AF than those fed AF with addition of 
either kaolin or activated charcoal. Huff et al. (1986) and ' Kubena et al. 
(I 990) reported similar effect on relative weight of liver. These increase& in 
relative weight of livers may be due to liver damage, as this organ is 
considered the principle target organ for aflatoxicosis (Dalvi and 
Ademoyero,1984). The principle lesions observed in this study occurred in 
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the liver. It is classified as toxic hepatitis where hepatic cells vacculization, 
fatty changes, biliary hyperplasia, portal fibrosis, and granuloma were the 
predominant changes. These agreed with data reported for chicken ( Kubena 
et al., 1990; Espada et al., 1992). Aflatoxin B induced an accumlation of 
lipids in the liver and can be explained according to Huff et al (1985) by an 
increase in the concentration of liver lipids. This increase may be due to 
general inhibition of lipid transport (Tung, et al., 1972) or from interference 
of lipogenesis (Donaldson et al., 1972). Fatty changes in the liver of two 
birds treated with kaolin was observed after 35 days of treatment and 
disappeared at 45 days. Perihepatitis was observed in two cases of group 3 
chicks treated by kaolin after 35 days of treatment is of doubtfull 
significance in relation to AF treatment as well as to kaolin. It was absent at 
45 days of treatment with kaolin or diet without kaolin.There is no available 
data concerning the effect of AF with koalin or activated charcoal on 
relative weight of heart and spleen. However, as can be seen from table 2, 
there was a moderate increase in the relative weight of these organs in AF 
fed chicks (groups 2, 3, and 4). The increase in the relative weight'of spleen 
might be a compansatory mechanism for the drop in weight (and a~tivity) of 
the bursa of fabricius. The relative weight of bursa of fabricous was 
flactuating throughout the experimental period, and was much lower (0.04-
0.17 g) than the weight (0.55-0.63 g) reported by Kubena et al. (1990), who 
observed birds up to day 28 of age. A decrease in relative weight of bursa of 
fabricous in chicken fed AF contaminated diet or AF contaminated diet plus 
charcoal was also reported Kubena et al. (1993) and could be attributed to 
an immunosuppressive effect of AF. 

There were no detectable of AF residues in spiecemens ofbreast and 
thigh muscle, heart, and spleen from birds slaughtered at all stages. These 
results are parallel to those recorded by others . White Leghorn laying hens 
fed a diet containing 2.7 m g/kg for seven weeks had no AF residues in the 
eggs muscle, or liver (Kratzer et at., 1969). Laying hens were exposed to 
AF by two methods: the first involved graduated dietary levels of zero, two, 
four, and eight mg/kg; the second, oral administration of 120, 240 and 480 
J.! g/kg. of body weight. No AF residues were detected (Sims et al., 1970). 
Likewise, Van zytveld et at. (1970) exposed White Rock chicks to daily 
dosages ranging from 0.4 to 1.7 g. of mixed AFlkg for six weeks. The 
authors failed to detect AF residues at slaughtere. Similar results ' were 
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recorded in 0 ther animal species, such ass wine and steers Booth ( 1969). 
The analytical methods used have a minimum detection limit in the order of 
three to five f..L g AFlkg of sample. 

The bursa of fabricous showed lymphoid depletion in group 2 chicks 
treated with AF alone Similar results were obtained by Kubena et al. (1990), 
Kececia et al. (1995) and Kiram et al. (1998). It is apparent that the 
absorption therapy reduced the deleterious effect of AF on lymphoid tissue 
as no change could be detected in the bursae of birds of kaolin or charcoal 
treated groups. The number of affected chicks and the severity of lesions in 
the liver were reduced after addition of kaolin and activated charcoal; thus it 
can be concluded that both adsorbant may have a noticeable effect in 
reducing AF toxicity in the liver. Further work should be carried out using 
different AF concentrations and kaolin or charcoal regimens in order to 
make use of this observation; 
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Fig. 1: Bile duct proliferation associated with fibrosis and granuloma in the 
liver of chicken fed 30ppb AF for 45 days. (H&E. X200). 

Fig. 2: Hepatic cell vacuolation and granulomas in chicken fed 30 ppb AF 
contaminated diet for 45 days. (H & E. X 200) 
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Fig. 3 . Parenchymal and mononuclear cell aggregation in liver of chicken 
fed 30 ppb AF contaminated diet. ( H & E. X 200) 

Fig. 4 : Focal area of hepatic necrosis in chicken fed 30 ppb AF for 45 
days. (H & E. X 100) 
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