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Abstract
The ability of Diatomaceous earth (DAE) in reducing the toxic effects of ochratoxin (OTA) in broiler diet
was evaluated. DAE was supplemented @ 400 and 800 mg kg-1 of feed along with 0.5 and 1 ppm of
OTA/kg of feed. Healthy unsexed day-old broiler chicks (n=360) were assigned to 9 groups comprising
of control and treatment groups. Feeding of OTA resulted in significantly lower feed intake as well as
body weight gain and increase in feed conversion ratio in comparison to the control groups.
Supplementation of DAE in ochratoxin mixed diet significantly reduced the deleterious effects of OTA
on growth parameters. Feeding of OTA alone caused significant decrease in serum levels of total
proteins, albumin, triglycerides and cholesterol. However, significant increase was found in serum levels
of AST, ALT, ALP, BUN and creatinine in OTA fed broilers.
Supplementation of DAE to the OTA mixed feed ameliorated the adverse effect of ochratoxin on the
serum biochemical values by causing increase in serum total proteins, albumin, triglycerides and
cholesterol levels. In addition, a significant increase was recorded in AST, ALT, ALP, BUN and
creatinine levels in DAE supplemented broilers. The study concluded that diatomaceous earth is an
effective adsorbent to decrease the toxic adverse effects of ochratoxin in broiler chicken.
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Introduction
Poultry industry is one among the most rapidly growing business in India. In intensive poultry
farming, birds are exposed to several stress factors, which increase their susceptibility to
various disease conditions that are already existing or emerging. Concerted efforts have been
made to control disease through intensive immunization, by use of chemotherapeutics and
better management practices. In spite of these practices, there has been re-emergence of
diseases possibly due to immune-suppression caused by various infectious and non-infectious
agents.
In nature, there are thousands of toxins exists that have potential adverse effects on human and
livestock health including poultry. Among these natural toxins, mycotoxins are common
contaminants of food and feed ingredients. Many mycotoxins affect various organs specifically
and are responsible for hampering poultry production. In addition, mycotoxins impair both
humoral and cell mediated immunity resulting in increased susceptibility to various infectious
diseases. Ochratoxins are toxic metabolites, commonly produced by two species of fungi,
Penicillium verrucosum and Aspergillus ochraceus [1]. The primary toxin was identified as
ochratoxin A (OA); its less toxic dechloro analog is ochratoxin B (OB) [2, 3]. In addition,
several other forms of ochratoxins also occur. Ochratoxins in recent years has received
considerable attention not only because of its effect on animal performance and well-being, but
it may also have deleterious effects on humans. In human beings, it is implicated in a fatal
kidney disease known as Balkan endemic nephropathy and also it is considered as potent
carcinogen.
Ochratoxins are nephrotoxic, hepatotoxic, carcinogenic, immunotoxic and teratogenic
mycotoxins. Exposure to low concentration of ochratoxins causes structural and functional
changes in different organ systems; especially the kidney and the liver of several domestic and
experimental animals are commonly affected. In poultry, the ochratoxin contamination of feed
and feed stuffs reduces growth efficiency, lowers feed conversion and reproductive rates,
impairs resistance to diseases, reduces vaccination efficacy and induces damage to the liver,
kidney and other organs. Further it affects the lymphoid organs and is particularly responsible
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for immunosuppresion. Ochratoxin ingestion also impairs the
defence mechanism of the birds resulting in increased
susceptibility to various infections. Considering the adverse
effects of the ochratoxin on health and performance of birds,
it becomes essential to develop some large scale, cost
effective methods to neutralize or eliminate the preformed
toxin in the diet. A possible economical solution could be
development of nontoxic dietary additives that would makes
birds resistant to the toxic effects. Diatomite or diatomaceous
earth (DAE) is a kind of clay that consists of 90% silicon
dioxide. It is fine-grained, biogenic siliceous sediment, and is
abundantly available at low cost [4]. These clay-like, chalky
remains are referred as diatomite [5]. Diatomaceous earth, a
clay mineral of the smectite group is formed of highly
colloidal material composed of mainly montmorillonite and is
produced by in-situ diversification of volcanic ash. It has the
unique characteristic of swelling to several times its original
volume when placed in water and of forming thixotropic gels
with water even though the amount of clay is relatively less.
DAE may possess higher adsorptive capacity due to its
structural composition, which can be responsible for the
binding to mycotoxins in the feed materials [6].
Therefore in the present study an attempt has been made to
assess the efficacy of diatomaceous earth (DAE) a toxin
binder to ameliorate the toxic effects of ochratoxin.
Materials and Methods
The present study was carried out in the Department of
Pathology, Veterinary College, Hebbal, Bangalore, Karnataka
Veterinary, Animal and Fisheries Sciences University
Bangalore, India
Production and quantification of ochratoxin
The Aspergillus ochraceus (MTCC No 6037) culture was
procured from Microbial Type Culture collection, Institute of
Microbial Technology, Sector-39-A Chandigarh- 160036,
India. The culture of Aspergillus ochraceus (MTCC No 6037)
was periodically sub-cultured on potato dextrose agar for 15
days to maintain its viability. Ochratoxin was produced on
whole grains of wheat with this culture as outlined by Trenk
et al. [7] with some minor modifications. Whole wheat (100 g)
was soaked in 50 ml water overnight and then autoclaved at
15 Psi for 20 min. Eight day old fungal spore suspension was
inoculated to the soaked grains of wheat and the inoculums
were incubated for 22 days at room temperature in a dark
place with vigorous shaking twice a day. The fermented
wheat was autoclaved to kill the spores and dried at 80o C in
hot air oven overnight. The dried material was later powdered
and stored in a dark place for further use.
Experimental birds:
Two hundred and forty unsexed day-old healthy broiler chicks
were procured from a reputed commercial hatchery and reared
in battery cage system in experimental sheds with average
temperature ranging from 27 to 31 0C and relative humidity of
59% to 62% with 16:8± 1h (Light : Dark) cycle of intensity of
10 to 20 lux. All chicks were vaccinated on days 7 and 11 of
age with the LaSota strain of Newcastle disease virus and
Infectious bursal disease (intermediate strain) respectively.
Optimum conditions of management were provided to the
birds throughout the period of experiment. Toxin free and
DAE free Starter and Finisher broiler feed was procured from
Department of Poultry Science, Veterinary College,
Bangalore, India as recommended by the National Research
Council. Required quantities of cultured ochratoxin material

were added to make the final concentration of ochratoxin in
feed to be 0.5 ppm and 1 ppm.
The approval of the Institute Animal Ethics Committee
(IAEC) was obtained prior to the conduct of the experiment.
The birds were randomly divided into 9 groups, each
comprising of 40 chicks (Table 1).
Table 1: Experimental design for various treatment groups
Groups
I
II
III
IV
V
VI
VII
VIII
IX

Ochratoxin (ppm)
0
0
0
1
0.5
1
1
0.5
0.5

DAE/Kg feed
0
400
800
0
0
400
800
400
800

No. of Birds
40
40
40
40
40
40
40
40
40

All the birds were checked daily for the health status and
husbandry conditions. All the sanitary and hygienic
precautions were strictly followed throughout the experiment.
The birds were observed daily for clinical signs and mortality
(if any). Six birds selected randomly from each group were
weighed individually and euthanized by cervical dislocation
on day 7, 14, 21, 28 and 35 of the experiment.
Blood was collected from the euthanized birds and sera was
separated by standard procedures and stored under -20⁰C until
further use. The individual serum samples were analysed for
Alanine aminotransferase (ALT) concentration, Aspartate
aminotransferase (AST) concentration, Alkaline phosphatase
(ALP), Creatinine, Blood Urea Nitrogen, Total proteins,
Albumin, Total cholesterol and Triglycerides by the Semiautomatic analyser (Semi-Automatic Biochemistry Analyser,
STATFAX 2000+, CPC Diagnostics Pvt. Ltd., India). The
methodology and the set of reagents used in respect of each
parameter were as per the recommendations of the
manufacturer of the analyser system.
Statistical Analysis
The experimental data collected was analysed using the
General Linear models (GLM) procedure using Statistical
Package for the Social Sciences software 16 (SPSS) of 2010
version. Statements of statistical significance were based on
P<0.05.
Results and Discussion
The birds of control groups (I, II, III) were healthy and did not
show any clinical signs throughout the period of experiment.
Birds fed with diet mixed with ochratoxin (Group IV and V)
exhibited clinical signs such as dullness, ruffled feathers, poor
growth, in appetence and diarrhoea from day 7 of the
experiment, which persisted till the end of the
experimentation. The birds in co-treatment groups (VI to IX)
fed with diet containing ochratoxin and DAE showed similar
clinical signs of those recorded for the toxin alone fed birds
(Group IV and V). However, the clinical manifestations were
of reduced severity and were observed after day10-12 of the
experiment.
Serum total protein and albumin: In the present study, the
mean serum total protein, albumin and globulin values were
significantly (P<0.05) decreased in toxin fed birds (Group IV
and V) as compared to control birds (vide Fig. 1, 2). Similar
observations were also reported in earlier studies [8, 9, 10].
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Decrease in the serum total protein and albumin values in
these birds could be due to inhibition of hepatic protein
synthesis, which occurred at the post transcription level by
competitive inhibition of phenylalanine-t RNA synthetase, so
that amino-acylation and peptide elongation were affected [11].
Further, Kamagani [12] reported that one of the primary effects
of albumin binding on OA was to retard its elimination by
limiting the transfer of OA from the blood stream to the
hepatic and renal cells resulting in its long half-life.
Supplementation of DAE to the birds fed with of toxins
showed improvement in the serum protein concentration
indicating the protective effect of DAE against ochratoxin.
The results of present study can be compared with that of Shi
et al. [13], who reported that a reduced growth rate and serum
biochemical changes associated with AFB1 contamination
could be ameliorated by the supplementation of a modified
montmorillonite nanocomposite (a compound comprising of
DAE) at doses of 3 g/kg feed.
Similarly, Bailey et al. [14] reported that montmorillonite clay
(5 g/kg) in broiler diets provided protection on growth
performance, serum biochemistry, and the relative organ
weights from over 4 mg of AFB1/kg diets. In the light of the
above it can be concluded that the reduction of OA toxicity
might be similar to that of AFB

(vide Fig. 3). These findings were in accordance with that of
earlier reports [15, 16, 17]. Reduction in triglycerides reflects
impaired liver metabolism leading to reduced synthesis of
triglycerides. However, birds supplemented with DAE (Group
VI, VII, VIII and IX) showed marginal increase in the levels
this enzyme in comparison to toxin fed birds (Group IV and
V), which indicates the protective role of DAE in binding of
ochratoxin.

Fig 3: mean (-+SE) weekly triglycerides of broiler chicks fed with
ochraftoxin, diatomaceous earth and their combination

Serum cholesterol
Significant decrease in serum cholesterol levels of toxin fed
birds (Group IV and V) from second week onwards as
compared to control birds (vide Fig. 4) corresponded with the
earlier findings [18, 16, 17]. The reduction in serum cholesterol
levels during ochratoxicosis reflects impaired liver
metabolism, leading to reduced synthesis of cholesterol.
However, birds supplemented with DAE along with toxin
(Group VI, VII, VIII and IX) showed increase in serum
cholesterol levels as compared to toxin fed birds (Group IV
and V). The significant improvement in serum cholesterol
levels is indicative of protective role of DAE against
ochratoxicosis.

Fig 1: mean (-+SE) weekly total proteins of broiler chicks fed with
Ochratoxin, diatomaceous earth and their combination

Fig 4: mean (-+SE) weekly cholesterol of broiler chicks fed with
Ochratoxin, diatomaceous earth and their combination

Fig 2: mean (-+SE) weekly albumin of broiler chiks fed with Ochratoxin,
diatomaceous earth and their combination

Serum triglycerides
The present study revealed that decrease in serum
triglycerides level in birds fed with toxin (Group IV, V) as
compared to control groups throughout experimental period

Serum aspartate aminotransferase (AST)
The serum levels of AST showed a significant increase in the
toxin fed birds (Group IV, V) against control birds (vide Fig.
5). The increase of AST level in the present study could be
attributed to leakage of enzyme as a result of liver damage,
due to degenerative changes as reported by Kumar et al. [19]
which can be correlated to degenerative changes for increase
in AST levels in the liver.
However, supplementation of DAE along with toxin in
Groups VI, VII VIII and IX showed only a marginal decrease
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with that of toxin fed birds (Group IV, V) on all days of
observation indicating the protective role of DAE in binding
of ochratoxin from the feed.

Fig 7: mean (±SE) weekly ALP of broiler chicks fed with
Ochratoxin, diatomaceous earth and thieir combination

Fig 5: mean (-+SE) weekly AST of broiler chicks fed with
Ochratoxin, Diatomaceous earth and their combination

Serum alanine aminotransferase (ALT)
In the present investigation, birds showed increased level of
ALT in toxin fed birds (Group IV and V) as compared to
control birds (vide Fig. 6). Increase in ALT values in the toxin
fed birds could be attributed to the hepatic damage caused by
ochratoxin. Similar observations were also reported by [20, 21].
Supplementation of DAE in co-treatment groups of VI to IX
showed a marginal decrease in serum ALT levels as
compared to toxin fed birds (Group IV and V) indicating their
beneficial effect in ameliorating the effects of ochratoxin

Serum Creatinine
The levels of serum creatinine were increased in birds fed
with ochratoxin (Group IV and V) as compared to control
groups (vide Fig. 8). Similar findings have also been reported
earlier [24, 25, 26]. The increase in serum creatinine
concentration in these birds could be due to damage of
glomeruli and proximal convulted tubules by ochratoxin.
Further, significant increase in kidney relative weights were
indicative of renal damage in the present study and serum
creatinine level may be considered as a sensitive indicator of
ochratoxin induced renal damage.
Supplementations of DAE decreased the creatinine level in
the serum of birds in Group VI to IX, respectively and
decrease in relative kidney weight of Group VI to IX as
against Group IV and V indicating the ameliorative effect.
Supplementation of DAE prevented the rise in these values in
toxin fed groups indicating its protective effect on kidney
during ochratoxicosis.

Fig 6: mean (±SE) weekly ALT of broiler chicks fed with
Ochratoxin, Diatomaceous earth and their combination

Serum alkaline phosphatase (ALP)
The present study revealed that toxin fed birds (Group IV and
V) showed a significant increase in serum ALP level as
compared to control birds (Group I) on second and fifth week,
and whereas birds supplemented with DAE (Group VI, VII
VIII and IX) showed a marginal decrease in ALP levels in
their serum respectively as against toxin fed birds (vide Fig.
7). The increased level of this enzyme may be correlated to
the degeneration changes noticed in the liver leading to
seepage of enzyme into the serum and this was supported by
similar findings of Raina et al. [22] and Manafi and Bagher [23].

Fig 8: mean (-+SE) weekly creatinine of broiler chicks fed with
Ochratoxin, diatomaceous earth and their combination

Serum Urea
The findings of significant increase in serum levels of urea of
toxin fed birds (Group IV and V) as compared to control birds
(Group I, II, and III) (vide Fig. 9) was in agreements with the
earlier reports [27-31]. The increased levels of urea can be
attributed to inflammatory or degenerative changes in the
kidney. Nephrotoxicity is assumed to be due to interference
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with transport function in collecting tubular cells together
with diffused impairment of proximal tubular function.
However, decrease in serum urea levels was seen in birds
supplemented with DAE along with toxin (Group VI, VII,
VIII and IX) as compared to toxin fed birds (Group IV and V)
indicates that supplementation of DAE could restore the
increased levels of serum urea by its protective effect in case
of ochratoxicosis.
The incorporation of DAE in toxin mixed diet could improve
the adverse effects of AF on the serum biochemical values as
evident by increase in the total protein, albumin triglycerides
and cholesterol levels. However, there was decrease in the
serum levels of AST, ALT, ALP, creatinine and urea in the
co-treatment groups of VII to IX.
Perusal through the available literature indicated paucity of
information on studies conducted on amelioration of
ochratoxicosis using DAE as binder in poultry feed. Hence,
the extrapolation of data on studies conducted on efficacy of
DAE to bind aflatoxin could explain the findings of
improvement in serum biochemical changes in birds of cotreatment group [32].
Similar study conducted earlier reported that reduced growth
rate and serum biochemical changes associated with AFB1
contamination (0.1 mg/kg) could be ameliorated by the
supplementation of a modified montmorillonitenano
composite (a compound comprising of DAE) at doses of 3
g/kg [13]. Similarly, Bailey et al. [14] reported that
montmorillonite clay in broiler diets provided protection on
growth performance, serum biochemistry, and the relative
organ weights from over 4 mg of AFB1/kg diets.
Contrary to our findings, limited or no protective effect of
DAE on the growth performance and biochemical parameter
in AF fed birds has also been reported earlier [33, 34, 35]. These
conflicting results are possibly due to the differences in the
cationic compounds or chemical content of the adsorbents
tested. Differences among studies could also be explained by
different levels of adsorbents or the aflatoxin exposure dose
tested.
Diatomaceous earth has a small mass (0.5-0.8 g/cm3), high
porosity and high content of silicon, which are responsible for
the high adsorption capacity [36]. Natour and Yousef [37]
reported significantly higher in- vitro adsorption ability of
DAE to aflatoxins, which is directly proportional to the
number of diatom valves. In-vitro study showed that DAE has
high (94.71%) ability to adsorb AF from the feed at pH 6.5
[38]
. The normal pH of the chicken intestinal tract contents is
5.7–6.0 in the duodenum/jejunum, 6.3–6.4 in the
ileum/rectum and finally up to pH 7.0 or higher in the caecum
[39]
. Considering the correlation between the pH and ability of
mycotoxin binder in in-vitro studies, a higher binding ability
of DAE to the aflatoxins can be expected at the PH of 6-7 in
the intestinal tract of chicken to reduce the absorption and
systemic availability of this mycotoxin.
Manafi et al. [40] observed at pH 4.5 the highest percentage
binding of mycotoxins was noticed for AF (90.68%) whereas
the lowest binding ability was recorded for OA (61.73%) and
at pH 6.5 highest binding percentage of mycotoxins was
recorded for AF (94.71%) while on contrary with OA it was
(63.13%) in in-vitro studies.
Soleimani et al. [38] observed that at pH 6.5, highest binding
percentage of mycotoxins was recorded for AF (94.71%) and
lowest binding percentage was noticed for OA (63.13%) with
diet containing 0.2 percent binder, and in combination
treatments the highest binding ability was noticed for AF+OA

(65.80) and lowest binding ability was recorded for
AF+OA+T-2 (6.26) for the pH of 6.5 in in-vitro studies.
In the present study, the incorporation of DAE in the diet
during the period of exposure to AF could prevent the toxic
effects of ochratoxin. The protective effects of DAE might
plausibly be due to its capability of specific chemisorptions of
ochratoxin in gastrointestinal tract, which reduces ochratoxin
bioavailability for absorption and systemic circulation in
broiler birds [41]. Extrapolation of the data from the earlier
reports in-vitro experiments as well as in-vivo studies and the
present study warrants further studies employing the broader
perspectives to determine whether lower level of DAE in
broiler feed will be effective in controlling or preventing the
occurrence ochratoxicosis in poultry.

Fig 9: mean (±SE) weekly urea of broiler chicks fed with
Ochratoxin, diatomaceous earth and their combination

Conclusions
The results collectively suggested that dietary incorporation
of DAE significantly ameliorated the adverse effects of 0.5
and 1 ppm of ochratoxin on various serum biochemical
parameters. The OTA induced injurious effects on production
and health parameters in broiler chicks could not be alleviated
by dietary incorporation of DAE at all levels used. Therefore,
the use of DAE in ochratoxin- contaminated feed is an
alternative method to reduce the adverse effects of
ochratoxicosis in broilers. Further studies are suggested to
investigate and compare the adsorption efficiencies of
adsorbents against various mycotoxins using these methods.
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