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SYNOPSIS

Total aflatoxin and ochratoxin were detected in 3 naturally contaminated fish feed samples
using immune-affinity method. The results revealed that the average levels of aflatoxins in
the 3 examined samples were (15, 22 and 12 pg/kg) respectively while the average levels
of ochratoxins were (15, 6 and 6 pg/kg). The results of determination of the effects of clay
as a mycotoxin binder on the health status and performance of Oreochromis niloticus in
comparing with a control group revealed that the survival rate in control group was 81%
after the end of the culture season. The results also revealed that the survival rate in group
2 which received clay treated feed was 86%. The results of regular parasitological
examination revealed the identification of trichodina as external protozoa in Oreochromis
niloticus from both ponds but without manifestation of disease signs. The results of
bacteriological examination revealed the isolation and identification of Pseudomonas
flouresence from some moribund Oreochromis niloticus. Higher performance parameters
were recorded in group 2 that received feeds treated with clay which reflected in the total
production which reaches 1646.47 kg while in the control pond, the total production
was1308.36 kg.
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Introduction

The contamination of animal, fish and human feeds with
mycotoxins represent a worldwide problem constituting a real threat
to the health of livestock for animals, aquaculture industry and
human by the continuing intermittent occurrence in their feeds™%
Mycotoxin is a secondary toxic-metabolite that is produced from a
mycotoxic mould. A mould species can produce several types of
mycotoxin. Therefore, any mouldy sample may contain numerous
mould species; hence it may be contaminated with different
mycotoxins. Thus, when a mycotoxin is detected, man should
suspect that other types are also present in a contaminated feed**.

The molds that produce mycotoxins tend to grow under warm
and moist conditions, which is the same condition that
predominates in the tropics where most aquaculture is practiced.
Most commercial feed millers are scrupulous when it comes to
checking raw materials and feeds for aflatoxin. The heat and
pressure of pelleting and extrusion do not destroy appreciable
amounts of mycotoxins. Also, blending contaminated feed
ingredients with “clean” ingredients in order to reduce the
concentration of mycotoxins in the final feed is not recommended. If
the contaminated ingredient contains viable mould or spores, the
mycotoxin concentration in the feed will likely increase when
conditions favor mould growth.

The unreasonable global rise of animal derived proteins prices
have enforced the farmers to use less expensive vegetable proteins
like those of plant origin. Thus, the importance of mycotoxin
contamination may increase since feed ingredients of plant origin,
including byproducts, tend to have greater incidences of mycotoxin
contamination®. At the same time, in the tropics many farmers store
feeds in inferior conditions where feeds may become wet during
transportation due to heavy rains and further deteriorated by rat and
insect infestation.

Veterinarians and producers of terrestrial animals are familiar
with the effects of mycotoxins such as aflatoxin, zearalenone, T-2,
ochratoxin and deoxynivalenol (DON or vomitoxin) on livestock,
while the impact on aquatic species has not been extensively
studied. In aquatic animals, although there is scarcity in available
information, yet there are some evidences that mycotoxins could be
associated with reduced performance for many aquaculture
species®®.

Numerous researchers have reported that mycotoxins can act
synergistically so that the negative effects of two mycotoxins are
worse than the effects of single toxin*®. The negative effects of
mycotoxins including inhibition of DNA, RNA and protein synthesis,
genotoxic, proteolytic, chromatide plaster, depression of ATPase,
hormonotoxic, estrogenic, sexual, free radical and active oxygen
producing, carcinogenic, immunotoxic, neurotoxic, hepatotoxic,
nephrotoxic, digestive system toxins, and dermal toxic effects™®*,
As a results of these negative effects, mycotoxins can cause a wide

Table 1. Levels of aflatoxins and ochratoxins in examined
Oreochromis niloticus feed samples

Sample

ot Fish feed sample ug/kg
1 Aflatoxin level (ug/kg) 15
Ochratoxin level (ug/kg) 15
2 Aflatoxin level (ug/kg) 22
Ochratoxin level (ug/kg) 6
3 Aflatoxin level (ug/kg) 12
Ochratoxin level (ug/kg) 6

variety of adverse clinical signs among fishes depending on the
nature and concentration of the mycotoxin, duration of exposure,
the fish species/age, nutritional and health status at the time of
exposure to contaminated feed™®. Thus mycotoxins are well
known to negatively affect production, growth and immune system
function®’.

Therefore, the aim of the current study is to determine the levels
of aflatoxines and ochratoxins in fish feeds samples and to conduct
a field study on the effects of clay on the health status and
performance of Oreochromis niloticus during a culture season.

Results

Levels of detected mycotoxins in fish feeds samples

The results of detection of total aflatoxin and ochratoxin in
naturally contaminated fish feeds are shown in Table 1. Results
revealed that the average levels of aflatoxins in the 3 examined
samples were (15, 22 and 12 ug/kg) respectively while the average
levels of ochratoxins were (15, 6 and 6 ug/kg) respectively.

Effects of clay as a mycotoxin binder on the health status and
performance of Oreochromis niloticus

The results of determination of the effects of clay as a mycotoxin
binder on the health status and performance of Oreochromis
niloticus in comparing with a control group as shown in Table 2
revealed that the survival rate in control group was 81% after the
end of the culture season, which means that the total mortalities
along the season were 1330 representing 19% of the total cultured
Oreochromis niloticus in the control pond. The results also revealed
that the survival rate in group 2 which received clay treated feed
was 86% which means that the total mortalities along the culture
season were 980 fish, representing 14% of the total cultured
Oreochromis niloticus in the treated pond. Number of mortalities has
occurred in both groups shortly after adaptation of fish in the 2
ponds, but the exact number in this period not exactly determined
due to the small size of fish. Also mortalities of very few fish noticed
in both ponds every 2 or 3 days or even daily and was recorded
accurately. The mortalities in most cases did not exceed 5 fishes in
the pond received clay treated feed while in the control pond it
usually exceeds this number. Some died fish showing signs of
disease while some died fish exhibit the appearance of being
healthy.

Parasitology
The results of regular parasitological examination of fish from
both pond revealed the identification of trichodina as external

Table 2. Survival rate, growth performance, total production of
control Oreochromis niloticus compared to those fed on feeds
treated with clay

Groupl Group 2

(control) (treated group)
W.G. (gm) 230.80 + 9.16 2273.50 + 8.30
Survival rate 81% 86%
Total production 1308.36 kg 1646.47 kg
SGR (%) 1.53+0.05 1.82 + 0.08*
FCR 2.29+0.52 #1.82 £0.10
PER 54.20 + 4.80 #131.65 + 4.25*

Group(1) ; Oreochromisniloticus control pond.

Group(2) ; Oreochromisniloticus received clay treated feed.

Values represent means + standard deviations.

* Significantly different from control P< 0.05.

Means with different alphabetical letters are significantly different P< 0.05.
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protozoa in examined Oreochromis niloticus from both ponds but
without manifestation of disease signs.

Bacteriology

The results of bacteriological examination revealed the isolation
and identification of Pseudomonas flouresence from some
moribund Oreochromis niloticus showing external skin lesions, the
average size of affected fish was over 150 gm in both ponds. The
isolated bacteria was gram negative short motile bacilli on
microscopical examination, also on RS media the isolated bacteria
was identified as dark green colonies, at the same time the
biochemical identification revealed positive oxidase test, positive
oxidation and negative fermentation in O\F test, positive for
catalase and negative for citrate and H2S production. The rapid
exchange of water from ponds associated with stop feeding for 2
days, leads to correction of this stipulation.

Growth performance

The results of growth performance parameters revealed that the
weight gain, specific growth rate, feed conversion ratio and protein
efficiency ratio were 230.80 + 9.16, 1.53 + 0.05, 2.29 + 0.52 and
54.20 + 4.80 respectively in the control group while in the group 2
that received feeds treated with clay as a mycotoxin binder the
results were °273.5 0 + 8.30, “1.82 + 0.08*, °1.82 + 0.10 and
8131.65 + 4.25* respectively Table 2. The higher parameters in
group 2 reflected in the total production which reach 1646.47 kg
while in the control pond, the total production was 1308.36 kg.

Discussion

Aflatoxins are group of naturally occurring isocoumarine
compounds that poses an extreme threat to the health of livestock

by their continuing intermittent occurrence in both feeds and foods®®,

The detection of total aflatoxin and ochratoxin in naturally
contaminated fish feed samples revealed the presence of aflatoxins
in the 3 examined samples at levels (15, 22 and 12 (ug/kg))
respectively while the average levels of ochratoxins were (15, 6 and
6) respectively. The results revealed the presence of high levels of
mycotoxins in naturally examined Oreochromis niloticus feed
samples, which agree with El-Azab et al®.

The higher occurrence of mycotoxins in feeds may be
aggravated by the fact that there are no strict regulations that
impose limits on the concentration of mycotoxins in crops. Low
quality storage standards (humidity, rats and insects infestation) of
fish feeds in the Egyptian aquaculture is the most reliable
predisposing factors for the continual growth of mould with
consequent production of mycotoxins. This fact is well fulfilled in our
case, where examined samples possessed higher levels of
aflatoxins and ochrotoxins.

Also the results are in complete accordance with Lim et al.*® and
Vekiru et al.” who reported that the contamination of animal feed
with mycotoxins represents a worldwide problem for the animal
industry. The mycotoxin contamination of feeds and raw materials,
especially those of plant origin, is recognized as an increasing
problem and the range of problems associated with mycotoxins is
becoming more evident®. At the same time, the increasing trend for
replacement of expensive animal-derived proteins, such as fish
meal, meat and bone meal, with less expensive vegetable proteins,
may be a factor in the recent time for increasing the importance of
mycotoxin contamination in Oreochromis niloticus feeds, since feed
ingredients of plant origin, including byproducts, tend to have
greater incidences of mycotoxin contamination. A large percentage
of the fish feed used around the world as well as in Egypt contains
corn as a major ingredient. Corn is likely to contain high

concentrations of mycotoxins, especially aflatoxin®**.

The results also revealed the presence of aflatoxins and
ochratoxins in both powdered and extruded pellets. This could be
due to the extreme stability of such mycotoxins. The heat and
pressure of pelleting and extrusion do not destroy appreciable
amounts of mycotoxins.

The detoxification of mycotoxins in feeds cereals has been
examined using physiochemical, chemical, and biological
processes®. Binders have been used to neutralize the effects of
mycotoxins by preventing their absorption from the digestive tract.
The most common binders are clays, such as bentonite®. The
results also coincide with Sean et al.?> who reported that the
addition of calcium bentonite significantly improved larval growth
over filtered water alone in multiple experiments, increasing the
growth of larval cultures by as much as 33% at a dose of 5 ppm day.
These results reflect the positive effect of using clay.

The effectiveness of bentonite was also reported by Vekiru et
al.?, who indicated that the most applied method for protection
against aflatoxicosis is the utilization of clay minerals.

Some reported information explained that although clays such
as bentonite are of the most common binders because they are
inexpensive and widely available, but they have some
disadvantages that they bind only a narrow range of mycotoxins-
mainly aflatoxin- and are usually only effective at high
concentrations®. Also Clays are indigestible and insoluble in water
and do not contribute to the nutritional value of the feed. At the
same time Inrecirculating aquaculture systems, clay may clog or
damage water filtration systems and fine clay particles may damage
the gills of fish. Also, some sources of clay contain measurable
concentrations of naturally occurring dioxin, a potent carcinogen
that accumulates in the fat tissue of fish and raises issues related to
food safety. The constructive and affirmative effects of using clay
also explained by Ellis et al.** that 2% bentonite contained in trout
diets contaminated with 20 pg/kg AFB1 significantly reduces the
amount of AFB1 absorbed from the digestive system following
ingestion of contaminated diets.

The results of determination of the effects of clay as a mycotoxin
binder on the health condition and performance of Oreochromis
niloticus revealed that higher survival rate was recorded in group 2
which fed on feeds treated with clay in comparing with the control
group. This means that the total mortalities recorded were lower
among the group fed on feeds treated with clay as a mycotoxin
binder. The beneficial effect of bentonite on fish have been reported
by Schazmayr et al.”® and Sean et al.? that the use of clay interfere
with the toxic effect of mycotoxines which may be reflected on the
higher survival rate in comparing with the control group. Moreover,
the higher performance parameters including, the weight gain,
specific growth rate, feed conversion ratio and protein efficiency
ratio in Oreochromis niloticus fed on feed treated with clay in
comparing with the control group reflect the negative effect of
aflatoxins and ochratoxins on these parameters, also it explained
the positive effect of using clay as a mycotoxin binder in prevention
of the drawbacks resulted from the presence of these mycotoxins.
The higher performance parameters reflected on the higher total
production in this group which reach 1646.47 kg while in the control
pond, the total production was 1308.36 kg.

These results agreed with that reported by Sean et al.? that the
addition of calcium bentonite significantly improved larval growth,
also significant improvement in seed growth compared with SPF
water with no clay addition was observed. The results also agreed
with Schazmayr et al.? that when domestic animals ate the feed
polluted with mycotoxins, various symptoms of poisoning are
shown. Therefore, the detoxication on the mycotoxin is very
important.
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The mode of action of aflatoxins and ochratoxins may explain
the negative effects which occurred in the group fed on feed without
clay. It includes inhibition of DNA, RNA and protein synthesis
(Aflatoxin, Ochratoxin-A), genotoxic (Aflatoxin), cellulartoxic—free-
radical and active oxygen producing (Aflatoxin), carcinogenic
(Aflatoxin, Ochratoxin-A), circulatory system (Aflatoxin), hepatotoxic
(Aflatoxin), nephrotoxic (Aflatoxin, Ochratoxin)'®*2. This toxic effect
reflects the manifestations of low performance parameters, low
survival rate, low production rate which recorded along the culture
season. The recorded results regarding parasitological and
bacteriological examinations revealed that no variations between
the involved groups. Many factors affecting the toxicity of
mycotoxins including the mycotoxin itself, level of contamination,
time of exposure, route of application, presence of other
mycotoxins, the fish species, sex and age of the exposed organism
(hormonal effect), and clinical status of the exposed organism
(hepatic enzymes status)®. The economic losses associated with
aflatoxicosis from the low performance parameters, total production
and low survival rates agree with the results recorded by Goldblatt®®,
Lovell””, Zhang et al.?®, Omar et al.”®, Tuan et al.'®. Also regarding
ochratoxicosis, Manning et al.*® and Srour™ showed that increasing
OCTA levels in the diet resulted in decreasing growth performance
and feed utilization parameters, Significant reductions in body
weight gain were observed.

In conclusion, the obtained results in this study revealed that
aflatoxins and ochratoxins could be associated with low survival
rate, reduced performance of Oreochromis niloticus and to some
extent affecting the general health condition of this species
rendering Oreochromis niloticus susceptible to diseases with a
negative drawback on the economy of culture of this species.
Auspiciously, the high levels of aflatoxins and ochratoxins in
examined natural Oreochromis niloticus feed samples and the
negative effects associated with the existence of aflatoxins and
ochratoxins explained the necessary for the feed manufacturer to
secure mycotoxin-free sources and test all in-coming ingredients for
the presence of mycotoxins, maintaining proper storage conditions
for feeds and raw materials, and using a good mycotoxin binder like
clay which applied in this study and give a good results, to adsorb
the widest possible range of different mycotoxins that may be
present.

Materials and Methods

Fish

A total of 40,000 frys of Oreochromis niloticus with the same
weight range (1-3 gm) were held in two earthen ponds with an
equal area of 2150 m2. The 1st pond received feeds treated with
clay as a mycotoxin binder, while the second pond received feeds
without clay as a control pond. The rate of feeding varied according
to the size of fish and was analogous in both ponds till the end of
the culture season according to De silva and Anderson®. The water
parameters were adjusted according to American public health
association 1989.

Ration

Naturally contaminated fish feed samples were examined for the
presence of total aflatoxin and ochratoxin levels. At the same time
the levels of these specific mycotoxins were detected after adding
the different doses of clay.

Chemicals
The mycotoxin binding material (Clay: calcium bentonite).

Determination of the levels of aflatoxins and ochratoxins in
fish feeds samples

Total aflatoxin and ochratoxin was detected in 3 naturally
contaminated fish feed samples using immune-affinity method

which is applicable for mycotoxins that have fluorescence®. Series-
4 Fluorometer (VICAM) was used in this procedure which is
summarized as follows:

Sample extraction

Total amounts of 50 gram sample, 5 gram NaCl, 100 ml methanol
(80%) were blended at high speed (1 min.), filtered with fluted filter
paper. A total amount of 10 ml extract was diluted with 40 ml
distilled water and filtered with glass microfibre filter paper.

Column chromatography

10 ml (1 gm sample) of filtered extract was passed through
AflaTest-p and OchraTest affinity columns with a rate of 1-2
drops/second. Column washed twice with 10 ml distilled water (at
first with wash buffer in case of ochratoxin). The aflatoxin was
eluted with 1 ml HPLC methanol to which 1 ml of freshly prepared
aflatoxin developer was added spontaneously. The ochratoxin was
eluted with 1.5 ml. OchraTest Eluting solution (without developer).
Reading of total aflatoxin or ochratoxin was obtained after 60
seconds as part per billion (ppb).

Determination of the effects of clay on the performance and
health condition of Oreochromis niloticus

This field study was applied on 7000 Oreochromis niloticus semi
intensively cultured on an earth pond sized 2150 m2, in comparison
to a control pond containing the same number of fish, fed on the
same fish feed with the same feeding rate but without a mycotoxin
binder. Throughout the culture season the general health condition,
mortalities.

Parasitological examination
Regular parasitological examination was performed on samples
from both ponds according to Lucky**.

Bacteriological examination

Samples were taken from the kidney and from external skin
lesions of moribund Oreochromis niloticus and examined according
to Austin and Austin® in a trial to isolate a bacterial causative agent.
At the same time the performance parameters including body
weight gain (W.G.), specific growth rate (SGR%), feed conversion
ratio (FCR) and protein efficiency ratio (PER) were observed and
calculated as follows:

Body weight gain (W.G.)

Total weight was determined to the nearest gram according to
Annet®. Specific growth rate (SGR%): Specific growth rate (SGR%)
was calculated as the percentage increase in weight per fish per
day as suggested by Pouomonge and Mbonglang®’.

Feed conversion ratio (FCR)
Feed conversion ratio was determined according to De silva and
Anderson®.

Protein efficiency ratio (PER)

Protein efficiency ratio (PER) was determined according to De
silva and Anderson®.
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