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ABSTRACT

One hundred and twenty six albinc male rats {(average initial body weight of
105 g) were divided into 14 dietary groups (3 replicates X 3 animals/group). They fed
for 21 weeks on a control (C) diet, C + 0.5% or 1% tafla, C + 1 or 3% ammonia, C + 3
or 6% Hz0;, C + 1000 ppb aflatoxin {A), A + tafla or ammonia or H;0; (at the same
previcus levels). The animals were housed in wire cages and fed ad fibitum and
waler was available for 24 hours daily. The obtained resulls cleared that feeding rats
on the aftatoxin( AF)-diet alone depressed the live body weight, daily body weight
gain, feed intake, feed efficiency and increased mortality rate. The reduction in live
BW was increased with the progress of feeding period, being 28.3% at 13 weeks old
and 41.3% at 21 weeks old. Addition of different additives (tafla, ammenia and
hydregen percxide)} to the AF-diet decreased the deleterious effects of aflatoxin on
rats performance compared with those fed the AF-diet alone. However, the effective
additive to protect against the negative effect of aflatoxin was tafla. Aflatoxin excreted
in faeces (as % of intake) was higher in rats fed the AF-diet with different additives
than in those fed the AF-diet alone. Rats fed the AF-diet alone had higher level of
serumn urea-N, uric acid, creatinine, AST, ALT and alkaline phosphatase and lower
levets of serum cholesterol, triglycerides, total protein and albumin than those¢ fed the
uncontaminated diet (control). Addition of different additives to the AF-diet decreased
the deleterious effects of aflatoxin on blood parameters. Tafla was the best additive to
protect against the negative effect of aflatoxin on blood. The relative weights of the
internal organs (liver, kidneys, spleen, testes, heart and lungs) increased by feeding
the contaminated diets. The different dietary additives did not improve the toxic
effects of aflatoxin. Therefore it becomes clear to what extent is the sericusness of
foodborne aflatoxicosis by animals (and consequently consumers). Even adsorbents
{although they slightly reduce absorption) still neither cbstacle nor sufficient mean for
removing aflatoxins and its toxic effects. Where it is to impose upon the concern of
prophylaxis against fungal invasion of feedstuffs and their ingredients to prevent
consequently mycotoxin production on feeds.
Keywords: Rats, Aflatoxin, Performance, Feed efficincy, Biochemical parameters.

INTRODUCTION

Aflatoxin is the common name for a group of extremely toxic
chemically related compounds produced by the mould Aspergiffus favus and
Aspergillus parasiticus during growth, harvest or storage of different foods
and feeds (Wood, 1989). Aflatoxins cause clinical illness and death when
consumed in high quantity, at lower levels they reduce the growth rate, feed
intake, feed efficiency and suppress immunity of young animals (Harvey et
al., 1989 and Abdelhamid et al., 1992). Aflatoxins are the most important
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problems and the most toxic mycotoxins to animals and man (Abdelhamid et
al., 1990 and 1999 and Abdelhamid and Saleh, 1996). The aflatoxins have
been shown to be potent hepatotoxic, carcinogenic, teratogenic and
mutagenic, which can lead to genetic damage (Wogan, 1973). Aflatoxicosis
is the disease caused by ingestion of aflatoxins. Among aflatoxic compounds,
aflatoxin B, is the most toxic followed by AFG,, AFB, and AFG, in a
decreasing order being as a ratio of 8 : 4 : 2 : 1, respectively {Abdelhamid,
1990). Abo-Hagar (2000) showed that the exposure of deliberately infected
peanuts and yellow corn to microwaves at low power setting for 3, 8, 9 and
12 min. cause gradual decrease on the level of aflatoxin. The percentage of
aflatoxin reduction was dependent on the exposure time. Recent information
suggests that clay minerals and aluminosilicates added to mycotoxin-
contaminated diets reduce the bioavailability of toxins and their hazardous
effects in some animal species. The major advantages of the adsorbent
include low cost, safety and easy addition to animal feed. Therefore the
efficacy of different adsorbents for the binding of mycotoxins are variable
(Huwig et al., 2001). Nowar et al. (2001) added bentonite at different levels to
the AF-diet and proved that bentonite diminished the toxic effects of
aflatoxins on all parameters of rabbit growth performance. The relative
weight of liver, carcass and dressing percentages in rabbits fed AF-diet plus
bentonite were not statistically different from the control.Abd El-Baki et al.
(2002) found that addition of tafla to AFB,; contaminated diet improved the
growth performance daily body weight gain, feed consumption and feed
efficiency in comparison with the aflatoxin contaminated diet.  Yet,
Abdelhamid et a/. (2002-b) showed that the adsorbents (Antitox plus and Fix-
a-tox) were less effective in reducing aflatoxin productivity in YES-media for
Aspergilus flavus, being 62.5 and 47.5%, respectively, but tafla reduced the
productivity of aflatoxin by 91.5% comparing with the control. Sofiman (1998)
showed that the detoxification with 2% and 3% ammonia gas appears to be
the most successfui process for 4 weeks incubation for all tested ingredient
comparing with 14 days incubation period. Soliman et al. (2001) studied the
prevention of aflatoxicosis in growing rabbits fed aflatoxin contaminated diet
using 5% hydrogen peroxide and gamma-radiation. The obtained data
indicated that the use of H;O; and gamma-radiation for the destruction of
aflatoxin in contaminated diet induces adverse effects in the animals. The aim
of the present study was to evaluate the effectiveness of some treatments in
reducing the effects of dietary aflatoxins on performance, feed efficiency and
biochemical parameters of rats.

MATERIALS AND METHODS

This part of study was carried out after completion of the laboratory
experiment (the in vitro study by Abdelhamid ef a/,2002-5). One hundred and
twenty six males Albino white rats (average weight of 105 g) were bought
from the local market and randomly divided into 14 similar groups (9 animals
for each group, i.e. treatment, at 3 replicates, i.e. cages). The animals were
housed in wire cages (three animals in each cage) provided with feed and
water troughs and fed ad /ibitum. Water was available for 24 hours daily, and
cages were kept in a conditioned room. The animals were marked on their
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limbs and tails using colored liquid (dye). The feed ingredients and natural
additives used in this work were obtained from the local sources. The diet
was lested and proved that it was free from aflatoxins, The tested diets were
prepared by adding the experimental materials to the basal diet. The medium
contained a mixture of aflatoxins B, By, G, and G; at a total level of 18 ppm
was added to the basal diet to be contained 1000 ppb aflatoxins.

The best three detoxification methods (ammoniation, hydrogen
peroxide and tafla) were selected to evaluate their effectiveness(after
aerating the ammoniated diet)in reducing the negative effects of dietary
aflatoxin on performance and biochemical parameters of rats. All materials
and methods(including statistical analysis) used herein are the same as
described in Abdelhamid et af.(2004-a). Where a basal diet - prepared from
locally purchased ingredients according to Ahmed (1976) contained 46% crushed
wheal, 40% shredded barley, 9% fish meal, 3% dried milk, 1% yeast and 1% minerals
and vitamins mixture - was offered to rats for 21 weeks. The experimented
diets used in this study were as follows

1 - Control diet without any addition{C). 8-C-contaminated with 1000 ppb (AF).
2-C +0.5% tafla. §-AF + 0.5% tafla.

3-C + 1% tafla. 10 — AF + 1% tafla..

4 - C + 1% ammonia solution. 11 - AF + 1% ammonia solution..

5 - C + 3% ammonia solution, 12 = AF +3% ammonia solution.

6 - C + 3% hydrogen peroxide solution. 13-AF+3% hydrogen peroxide solution.
7- C + 8% hydrogen peroxide solution. 14-AF+6% hydrogen peroxide solution.

Biweekly live body weight for the individuals and feed intake were
measured. During the period of the experiment. The rats were inspected
daily for any clinical symptoms and mortality was recorded. Organs weight
was recorded at slaughtering or autopsy. Aflatoxin concentration was
determined using immunoaffinity column coupled with solution fluorometry or
liquid chromatography postcolumn derivatization according to Truckess et al.
(1991). At the end of the experiment, blood samples were collected from
three rats from each group, from the orbital plexus vein of the rat eyes using
a heparinized capillary tubes. The blood samples were allowed to stand at
room temperature (20 — 25°C) for 10 min for coagulation then centrifugated at
4000 rpm for 3 min and the colourless upper layer was carefully separated
and transferred into sterilized epindorff tubes and kept frozen until analysis.
Serum concentrations of total protein (Gornall et al, 1949} and
albumin(Doumas et a/. ,1871) and transaminases {(AST and ALT, Cambell
and Hornby ,1875) and alkaline phosphatase (Rick, 1990) activity besides
cholestero! (Allain et al., 1974), creatinine (Bartels and Boehmer, 1871}, urea
(Fawcett and Scott, 1960), uric acid (Gupta and Bhargava, 1985), and
triglycerides (Fossati and Principle, 1982) levels were determined.

RESULTS AND DISCUSSION

Growth performance:
Body weight (BW):

Data in Table (1) show a reduction in average live body weight {BW)
of rats fed a diet contaminated with 1000 ppb aflatoxins mixture when
compared with those fed the uncontaminated diet (control).
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The reduction in live BW was increased with the progress of feeding period,
being 28.3% after 13 weeks and 41.3% after 21 weeks. There were no
significant differences in body weight between rats fed the control diet and
the control diet with different experimental additives (tafla, ammonia and
hydrogen peroxide). The decrease in BW may be attributed to a reduction in
daily feed intake. In addition, aflatoxins impaire nitrogen and energy
utilization of the ingested diet through the adverse affects of aflatoxin on the
liver, a center of body metabolism (Reddy et al., 1991). Also, aflatoxins can
bind with DNA and RNA and prevent the protein synthesis in the body (Pier,
1992). Addition of different additives (tafla, ammonia and H,0O,) to AF-diet
significantly decreased the deleterious effects of aflatoxins on body weight,
where BW was lower in rats fed AF-diet than those fed the AF-diet with
different additives (tafla, ammonia and hydrogen peroxide). However, the
effective additive to protect against the negative effects of aflatoxin on body
weight were tafla. This result indicates a marked reduction in aflatoxins
toxicity by adding tafla to the aflatoxins - contaminated diet. The basic
mechanism of tafla and other adsorbents (binding agents) in preventing
the aflatoxin toxicity, appears to involve sequestration of aflatoxin in the
gastrointestinal tract and chemisorption to the adsorbent, which reduces the
bicavailability of aflatoxins (Kubena et al., 1990-a & b).

Body weight gain (BWG):

Table (2) shows average body weight gain (g} of the experimental rats
in different experimental treatments. it could be seen that there were no
significant differences between the control and the control with different
additives on average daily body weight gain. A reduction in average body
weight gain (BWG) of rats fed the diet contaminated with 1000 ppb aflatoxins
mixture was noticed when compared with those fed the uncontaminated diet
(control). Addition of different additives to AF-diet alleviated the deleterious
effects of aflatoxin on daily BWG. However, tafla was the best additive to
protect against the toxic effect of aflatoxin.

Feed intake:

Table (3} shows a reduction in average of daily feed intake (DFI) of
rats fed the contaminated diet when compared with those fed the
uncontaminated diet (control). Average DFI of rats fed the aflatoxins diet
alone recorded 57.9% of the control. Feed intake may have been depressed
due to decreased palatability of the AF-diet. Average DFI of the rats fed AF-
diet with tafla recorded 76.1% of the control while, 67.02, 68.1, 68.1 and
£67.6% were for calculated those fed the AF-diet plus 1%, 3% ammonia and 3,
6% hydrogen peroxide respectively.

Feed efficiency:

Table (4) shows that feed efficiency (g gain/g feed) had the same
trend of body weight (BW), daily bodyweight gain (daily BWG) and daily feed
intake (DF[). Accumulative feed efficiency for the rats group fed on the AF-
diet was lower when compared with, those fed the uncontaminated diet
{control).
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Addition of different additives slightly alleviated the negative effect of aflatoxin
on feed efficiency. There were no significant differences between the control
and the control with different additives on feed efficiency. Each g consumed
from the aflatoxin — contaminated diet alone reduced the body weight gain
(BWG) by 0.02 g at the 15" week and by 0.06 g at the 212 week.

Collective performance parameters:

Data in Table (5) show a reduction in average live body weight (BW),
body weight gain (BWG), daily feed intake (DF]) and feed efficiency of rats
fed the diet contaminated with the mixture of aflatoxins when compared with
those fed the uncontaminated diet (control). The obtained resuits are in
agreement with those found by Schell et al. {1993) who recorded a significant
(P < 0.01) decrease in daily feed intake, daily body weight gain and feed
conversion efficiency in weanling pigs fed for 6 weeks a diet contaminated
with 922 ppb aflatoxin By. Also, Nowar et al. (1996 and 2001) found that
feeding rabbits an AF-diet depressed the live BW, daily BWG and feed intake
and increased mortality rate. Moreover, Abdelhamid et al. (2002-c) found
that adding aflatoxin at a level of 250 ppb AFB, led to slight decreases in BW
and BWG but feed intake and feed efficiency did not affect, this may be
attributed to the used low dose. Recently, Ragab (2003) showed that the
aflatoxic diet led fo decrease average live body weight and body weight gain
of the rabbits fed a diet contaminated with aflatoxin. Abdelhamid et al. (2004-
b) found, also, that the afiatoxic diet led to reduction in final body weight,
body gain, daily gain, specific growth rate, survivai rate and feed and
nutrients utilization, but increase mortality rate of Nile tilapia fish. Addition of
different additives significantly decreased the deleterious effects of aflatoxins
on rats performance, where averages of BW, BWG, DFI and feed efficiency
were lower in rats fed the AF-diet alone than those fed the AF-diet pius
different additives. The best feed additives led to significant overcoming these
aflatoxic symptoms was tafla. In this respect, Nowar et al. (1996 & 2001) and
Abd El-Baki et al. (2002) showed that addition of tafla and bentonite at
different levels to AF-diet diminished the toxic effects of aflatoxin on all
parameters of rabbits growth performance. Moreover, the best feed additives
let to significant overcoming aflatoxic symptoms (reduction in BW, AWG,
ADG and SGR) in Nile tilapia fish were eggsheil and clay (Abdelhamid et al,
2004-b). Yet, Abdelhamid et af. (2002-c) found that dietary inclusion of tafla
and aluminosilicate were not sufficient means for removing AFB, and its toxic
effects on rabbits. Also, Abdelhamid et al (2004-a) showed that tafia,
ammonia and hydrogen peroxide additions to the aflatoxic diet did not
overcorme or ameliorate the toxic effect of aflatoxin on the histological finding
of rat's liver and Kidney. Moreover, Soliman et al. (2001) reported that the
use of H,0, for the destruction of aflatoxins in contaminated diet induces
adverse effects in the animals. Yet, Frayssinet and Frayssinet (1990)
mentioned that ammonia treatment is a practical solution to the problem of
the carcinogenic potency of contaminated oif cakes. Also, Soliman (1998)
concluded that detoxification of feedstuffs and improving its feeding quality
and consequently improving small ruminants performance could be occurred
by using 2 — 3% ammeonia gas or 6% hydrogen peroxide.
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Absolute weights of internal organs:

As shown in Table (6), rats fed the aflatoxin contaminated diet had
slightly higher absolute weights of liver, spleen and kidneys than those fed
uncontaminated diet (control). The differences in absolute weights of rat
organs fed the aflatoxin contaminated diet, the contaminated diet with
additives (tafla, ammonia and hydrogen peroxide) and the control were not
significant. These results disagreed with those of Nowar et al. (1981} who
reported that the weights of internal organs and their weights as percentages
of the body weight in male and female rats ingested aflatoxins mixture (B, +
(G,) were heavier than those of untreated ones. However, Abdelhamid et al.
(2002-a) reported that, there were no changes among treatments for absolute
weights for liver and kidneys. On confrast, Abd El-Mageed (1987) show that
aflatoxins, aflatoxin with Vit. C and aflatoxin with soil in male rats significantly
(P < 0.05) decreased the absolute weight of liver, kidneys, spleen, testes and
lungs. Rabbits fed aflatoxin contaminated diet had a lower (P < 0.01)
absolute weights of lungs and kidneys than those fed uncontaminated diet
(control) Shehata (2001). However, Singh et al. (1998) found that dietary
aflatoxin led to enlargement of liver and congestion of kidneys and lungs of
rabbits. Some investigators (Huff et a/., 1986-a & b} have attributed the
increase in the weight of liver due to aflatoxins to an accumulation of lipids in
the liver, which provide characteristics of hepatomegaly, friable and fatty liver
associated with aflatoxicosis.

Clinical Sings and post-mortem examination:

The aflatoxicated male rats before death exhibited loss of appetite,
weakness and emaciation. These rats after death showed hemorrhage in the
abdominal cavity, the liver was pale in appearance, friable and gall bladder
was enlarged and filled with bile. The lungs and kidneys showed congestion
and wrinary bladder was enlarged and distended with urine. Similar clinico-
anatomically and post — mortem finding were reported by many authors
(Abdelhamid et al. 1995-a & b; Nowar ef al 1996 and Ragab 2003).
However, Bains (2002} cited that the mechanism of mycctoxin induced tissue
and organ damage is the result of complex bicchemical processes that may
react with other enzyme and cofactors, such as vitamins which interrupt cell
membrane transport, interrupt cellular metabolism, block metabolic pathway —
lesions and interact with DNA and RNA protein synthesis. He added that
mycotoxins lead 1o depressed appetite, poor growth rate and feed
conversian, immuno — suppression, diarrhea, rickets, fatty infiltration in both
of liver and kidneys, and bile duct proliferation.

Mortality rate:

Data presented in Table (7) show that mortality rate (%) reached to
56% in rats fed the AF-diet at the end of feeding period. Addition of different
additives decreased the mortality {%) in rats fed the AF-diet plus additives
than those fed the AF-diet alcne. Mortality rate (%) of rats fed the AF-diet
plus ammonia and H,0, were 22, 22, 11 and 22% at levels of 1, 3, 3 and 6%,
respectively. No mortality was recorded in rats fed the AF-diet plus tafla. The
obtained results are in agreement with those found by Shehata (2001) on
tafla.
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They found that addition of tafla or bentonite to diets naturally contaminated
with 860 ppb aflatoxins (B, + G,} prolonged the survival period of rabbits
when compared with those fed the AF-diet alone. Therefore, it could be
concluded that tafla and other adsorbents play a definite role in binding
aflatoxin and reducing its toxicity.

Aflatoxins excretion in faeces:

Data in Table (8) show that aflatoxin excreted in faces {as % of
intake} was higher in rats fed the AF-diet with different additives than in those
fed the AF-diet alone. Faecal afiatoxin of rats fed the AF-diet alone recorded
3.63% versus 24.7, 24,4, 8.5, 5.5, 4.2 and 3.9% for those fed the AF-diet with
0.5, 1% tafla, 1, 3% ammonia and 3, 6% hydrogen peroxide, respectively.
These data indicate that tafla has a high affinity adsorbability for the aflatoxin
when added to the infected diet. These results agree with those found by
Nowar et al. (1996) who reported that faecal aflatoxin of rabbits fed AF-diet
without tafla recorded 7.5% versus 72.7, 58.1 and 50% for those fed the AF-
diet with 1, 2 and 3% tafla, respectively. The protective effects provided by
tafla may be due to the absorption or adsorption of aftatoxin on the surface of
the tafla layers, cansequently prevent the bicavailability of aflatoxins. This is
supported by the larger quantities of aflatoxins excreted in the faces when
tafia is added to AF-diet,

Blood serum parameters:

As shown in Table {9), rats fed the AF-diet alone had higher levels of
serum urea-N, uric acid, creatining, AST, ALT and alkaline phosphatase and
lower levels of serum total protein, chalesterol and triglycerides than those
fed the uncontaminated diet. These findings can reflect well the signs of
aflatoxicosis as described by some investigators (Lindemann et a/., 1993 and
Nowar et af., 1996 and 2001). The elevated levels of AST and ALT and
decreased level of cholesterol indicate to a hepatic darnage, while the
increased concentrations of urea-N, uric acid and creatinine indicate to
kidrey injury caused by aflatoxins toxicity. The lower level of total protein and
higher level of urea-N indicate a higher level of protein catabolism with a
concurrent lowering of protein synthesis. Fernandez ef al. (1994) reported
that liver is the main target of aflatoxicosis, which causes important changes
in hepatic metabolism, affecting protein, lipids and enzyme synthesis. This
finding was supported by the obtained lower live body weight and daily body
gain of rats fed the aflatoxins contaminated diet. Generally the obtain results
agreed with those of Abdel-Wahhab et a/. (1999) on rats, and Abdethamid et
al. (2002-c) on rabbits. However, addition of different additives to AF-diet
decreased the deleterious effects of affatoxins on blood parameters.
However, the effective additive to protect against the negative effects of
aflatoxin on blood parameters was tafla.  The obtained results agreed with
thase of Abdelhamid et af. (2002-c} who reported that adding clay to AF-diet
minimized the negative effects of aflatoxin on blood parameters. On the
other hand, Soliman (1998) found that the used H,0O, and NH, for the
destruction of aflatoxins in contaminated diet protected against the negative
effects of aflatoxins in blood parameters.
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