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Abstract
The study was conducted to evaluate the effect of diatomaceous earth (DAE @ 0.5 g, 1 g) on combined
aflatoxin B1 (AFB1) and ochratoxin A (OTA) @ 0.5, 1 ppm in coloured broiler chickens for a period of
42 days. The combined AFB1 and OTA (1 ppm) resulted in severe reduction of BW gain (0.37 kg), poor
FCR (3.15%), reduced feed intake and increased mortality (21.21%). A significant increase in the relative
weight of liver and kidney, marked changes in gross, histopathology and biomarker enzymes of liver and
kidney were also noticed, which were indicating AFB1 and OTA have a synergistic toxic effect on
growth performance. Supplementation of DAE to combined AFB1 and OTA contaminated feed
ameliorated the deleterious effects of these mycotoxins, resulted in improvement of BW gain (1.26 kg),
FCR (2.18%), feed intake and reduced mortality (1.51%) thereby showing a protective role of DAE
against combined mycotoxicosis.
Keywords: Synergistic, combined mycotoxins, diatomaceous earth, aflatoxin, ochratoxin

1. Introduction
Mycotoxins are heat stable liphophilic compounds, co-occurrence of different mycotoxins on
agriculture commodities are common thereby adding more potential risk of additive or
synergistic toxic effects in human, animals and poultry. In spite of using good manufacturing
and good agriculture practice their occurrence is usually not completely preventable. Today,
mycotoxins are believed to play an important role in food safety and hygiene next to bacterial
and viral agents [12]. Hence, monitoring of mycotoxins in food and in feeds are very important
issues with respect to animal and human health, agriculture production and economical
concern. Among mycotoxins, aflatoxin B1 and Ochratoxin A are the major mycotoxins of
public health importance, have detrimental effects on both animal and human health. AFB1
produced mainly by Aspergillus species such as flavus, parasiticus etc. Aflatoxins are potent
liver carcinogenic, mutagenic and immunosuppressive compounds. Ochratoxin A is produced
mainly by Aspergillus ochraceus (Aspergillus allutaceus var. allutaceus) and is a potent
nephrotoxic mycotoxins, which also has hepatotoxic, teratogenic, embryotoxic, genotoxic,
neurotoxic, immunosuppressive and carcinogenic effects [13, 27]. AFB1 and OTA were
classified as potent human carcinogen Group 1B and possible human carcinogen Group 2B
respectively [11].
Diatomaceous earth (DAE, diatomite, or kieselgur/kieselguhr) is a naturally occurring,
soft, siliceous sedimentary rock with high adsorption capacity. As it is small mass (0.5-0.8
g/cm3), with high porosity and high content of silicon (86%), sodium (5%), magnesium (3%)
and iron oxide (2%) [33, 19]. It is used as anti-caking agent, as well as an insecticide in
agriculture for grain storage [18]. The binding capacity of mycotoxin binder was affected by
various factors like pH, molecular arrangement and its geographic region of origin [32]. In the
present study, DAE is used as adsorbent, mycotoxin binder for combined mycotoxins, as
diatomaceous earth has shown the potential in vitro to bind aflatoxin, sterigmatocystin, T-2
toxin, zearalenone and ochratoxin [20], also prevalence of co-occurrence of different mycotoxin
is increasing and has severe detrimental synergistic effect on both animal and human
population. Hence, the study was conducted to protect the combined mycotoxicosis in poultry
by using DAE as toxin binder.
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2. Materials and Methods
2.1 Mycotoxin production
Culture of Aspergillus flavus (MTCC 2798) and Aspergillus
ochraceus (MTCC 10276, Institute of Microbial Technology
(IMTECH), Chandigarh) were inoculated on Potato Dextrose
Agar (PDA) slants and incubated at 28 °C for 7 days
separatly. These aflatoxin and ochratoxin cultures were
inoculated on rice and wheat for the production of aflatoxin
and ochratoxin respectively.
2.2 Experimental birds and diet
The study was conducted in coloured broilers (RAJA-II
obtained by crossing PB1 cock with the PB2 hen) which were
procured from the Department of Poultry Science, Veterinary
College, Bangalore, KVAFSU, India. The approval of the
Institute Animal Ethics Committee (IAEC) was obtained prior
to start the experiment. The basal diet was formulated and
compounded to meet the nutritional requirements of broilers
based on the recommendations of Bureau of Indian Standards
during the starter and finisher period was presented in Table
1. The feed sample was tested for aflatoxin and ochratoxin
level before conducting the experiment, level of mycotoxins
in feed was corrected and desired level of contamination of
experimental feed with AFB1 and OTA was maintained.
Diatomaceous earth (Sigma Aldrich, USA, purity of ≥ 95%)
was used as mycotoxin binder for aflatoxin and ochratoxin.
Table 1: Composition and nutrient value of the experimental diets
Feed ingredients (in kg)

Starter (1-21 day)

Yellow maize
Soybean meal
Mineral mixture
DORB

300
185
15
-

Feed additives (kg/500kg)

Starter (1-21 day)

DL-methionine
Salt
Vit AB2D3K
Vitamin B complex
Cygro
ALBMD
Liv- 52

0.900
2.0
0.125
0.100
0.250
0.150
0.500

Finisher
(21-42 day)
300
62
18
120
Finisher
(21-42 day)
0.300
2.0
0.125
0.100
0.375
0.150
0.500

2.3 Experimental design
Day old chicks were individually weighed (48 ± 0.4 g), wing
banded, randomly assigned as negative control group (G1)
and six experimental groups (G2 to G7). Each group consist
of 66 birds with four replicates of 16-17 birds each and
exposed to dietary treatment for 42 days (Table No.2). All
chicks were placed in battery cage and housed in an
environmentally controlled house equipped with central
heating and provided ad libitum water and feed.
Table 2: Different experimental groups and their treatment
Groups
G1
G2
G3
G4
G5
G6
G7

Basal
diet
+
+
+
+
+
+
+

Aflatoxin
B1 (ppm)
0.5
1
0.5
1

Ochratoxin
A (ppm)
0.5
1
0.5
1

Diatomaceous
earth (g/kg)
0.5
1
0.5
1

2.4 Parameters studied
Feed intake, bodyweight, feed conversion ratio (FCR) were
calculated on weekly basis. Also clinical signs, mortality and
morbidity were recorded daily. Weekly six birds from each
group were selected randomly and sacrificed. Blood samples
were collected for serum biochemical analysis was done by
using clinical chemistry analyzer - Microlab 300 (Vitalab
Scientific, Netherland) following the use of commercially
available diagnostic kits from ERBA Mannheim (Transasia
Biomedicals Ltd, HP). The liver and kidney samples were
collected for gross and histopathology study. The relative
weight of internal organ was calculated by the following
formula: Relative weight=organ weight (g)/Body weight (kg)
2.5 Statistical analysis
Statistical analysis was carried out using software “GraphPad
Prism” and Bonferroni post-test was used for multiple
comparisons (P≤0.05) when the analysis indicated significant
differences among treatments. Mean values and standard
deviation were calculated and all the values were expressed as
Mean±SD.
3. Result and Discussion
3.1 Clinical signs, growth performance and mortality
Birds in G1 (negative control), G2, and G3 remained normal,
active and alert throughout the period of the experiment.
Marked depression, reduced feed intake, reduced feathering,
reduced growth rate, leg weakness, increased water
consumption and manure moisture were observed in G4 and
G5 which were progressive and in a dose related manner.
Highest mortality rate was noticed in combined mycotoxin
groups i.e G4 and G5 (12.21 and 21.21% respectively) as
compared to G6 and G7 (1.51 and 1.51% respectively) treated
with DAE binder (Table No.3). During the first three weeks
of experimental period, 5% mortality rate was noticed in all
treated groups.
In the present study, marked reduction in bodyweight gain,
feed intake and poor FCR (P<0.001) in combined mycotoxin
fed broilers are in agreement with the similar findings due to
combined feeding of broilers with aflatoxin and ochratoxin
were reported by many researcher [8, 9, 23, 24]. The decrease in
growth performance upon feeding aflatoxin and ochratoxin
was attributed to impaired protein metabolism and energy
utilization [25, 29, 3] which impaired nutrient absorption and
decreased pancreatic digestive enzyme production and
consequently decrease in feed intake [21]. Further, Creepy et
al. [6] and Huff et al. [10] who reported that OTA compete with
phenylalanine for binding sites on the phenylalanine tRNA
synthetase enzyme, thus inhibiting the protein synthesis
leading to decrease in the body weight gain.
Clinical signs of mycotoxicosis and highest mortality rates
were noticed in combined mycotoxin groups in the present
study are due to potential toxic effect of aflatoxin and
ochratoxin, also OTA being the most toxic during early life,
which could be the cause of mortality in young bird and also
has long lasting effects as compared to aflatoxin [22, 7, 9].
Supplementation of DAE in combined mycotoxins
contaminated feed to coloured broiler significantly improved
the detrimental effect of combined aflatoxin and ochratoxin
on bodyweight, feed intake and FCR, thereby showing
protective role of DAE on growth performance in combined
mycotoxin toxicity in broilers (Table No.3). These findings
are supported by similar observations made by author who
found that treating AFB1 (1 mg/kg) with DAE (30 mg/kg)

~ 1425 ~

Journal of Entomology and Zoology Studies

http://www.entomoljournal.com

from 1 day to 42 day old age broilers improved the body
weight gain, feed intake and FCR [19]. Also supplementation
of DAE (400 and 800 mg/kg) to ochratoxin induced toxicity
(0.5 and 1 ppm) ameliorated the deleterious effect of
ochratoxin A on growth performance and feed conversion in
broilers [1].
3.2 Relative organ weight and pathological changes
3.2.1 Liver and Kidney:
On 42 day old birds, a significant increase (P<0.01) in
relative weight of liver and kidney were noticed in G4 and G5
as compared to G1, G2, G3, G6 and G7 in the present study
(Table No.4). Grossly, liver and kidneys showed marked
paleness, swollen, friable in consistency was noticed in both
G4 and G5 (Fig.A1 & A3). Microscopically in liver, revealed
degenerative changes in liver parenchyma, including severe
congestion, swollen hepatocytes, infiltration of lymphocyte

and heterophils and diffuse areas of necrotic changes in liver
parenchyma with glandular arrangement of the hepatocytes,
bile duct epithelial hyperplasia were noticed in both G4 and
G5 (Fig. A2).
Whereas in kidney severe tubular distension, occlusion of
lumen, inter tubular hemorrhages, swollen tubular epithelium
with degenerative changes and desquamation of epithelial
cells, in some of the tubules deposition of urate crystals were
also noticed microscopically in both G4 and G5 (Fig. A4). All
these changes were progressive in dose dependent manner. In
the first three weeks, gross and histopathological examination
of liver showed milder paleness and milder congestion in G6
and G7 treated with DAE toxin binder, later these changes
were disappeared in subsequent week of experimental period,
it shows DAE has effective toxin binding capacity (Fig. B1&
B3).

Table 3: Effect of diatomaceous earth (DAE) and combined mycotoxins on growth performance of 42 day old coloured broiler chickens
Item
Group 1
Group 2
Group 3
Group 4
Group 5
Group 6
BW gain (g)
1401 ±6.5
1385 ±2.5
1373±3.5
472.8±1.5***
370.6±2.5***
1290±9.7***
Feed intake (g)
3014± 4.2
2998± 6.5
2960±8.5
1387±3.0***
1169±7.5***
2800±8.0 ***
FCR (%)
2.15±0.08
2.16±0.15
2.15±0.24
2.93±0.03***
3.15±0.17***
2.17±0.13***
Mortality (%)
12.21***
21.21***
1.51***
Values with different superscripts within a row indicate significant differences (*P<0.05, **P<0.01, ***P<0.001)

Group 7
1260±8.7***
2750±5.5 ***
2.18±0.05***
1.51***

Table 4: Effect of diatomaceous earth (DAE) and combined mycotoxins on relative organ weight (g/100 g) of 42 day old coloured broiler
chickens
Item
Group 1
Group 2
Group 3
Group 4
Group 5
Group 6
Liver
2.41±0.12
2.29±0.23
2.27±0.26
4.02±0.19***
4.17±0.39 ***
2.51±0.21 **
Kidney
0.90±0.06
0.91±0.08
0.90±0.06
2.84±0.16 ***
3.16±0.36 ***
1.07±0.18 **
Values with different superscripts within a row indicate significant differences (*P<0.05, **P<0.01, ***P<0.001)

Group 7
2.40±0.14 **
1.14±0.12 **

Table 5: Effect of diatomaceous earth (DAE) and combined mycotoxins on serum biochemistry of 42 day old coloured broiler chickens
Item
Group 1
Group 2
Group 3
Group 4
Group 5
Group 6
SGOT (U/L)
161.33±3.9
162.38±4.1
160.46±4.6
219.08±5.3***
287.75±3.4***
167.03±2.9**
SGPT (U/L)
16.13±0.39
16.10±0.34
16.04±0.46
19.15±0.29***
19.48±0.24***
16.82±0.93 **
GGT (U/L)
23.01±0.16
23.00±0.12
23.05±0.11
26.91±0.60***
28.25±0.55***
23.47±0.50 **
CR (mg/dL)
0.38±0.04
0.38±0.01
0.38±0.03
0.50±0.01***
0.55±0.01***
0.39±0.01**
UA (mg/dL)
6.40±0.00
6.41±0.02
6.41±0.05
9.50±0.04***
10.54±0.01***
6.51±0.2**
Values with different superscripts within a row indicate significant differences (*P<0.05, **P<0.01, ***P<0.001)

Group 7
168.75±7.8**
16.86±0.89**
23.36±0.37**
0.39±0.03**
6.63±0.1**

A. Gross appearance and histopathological changes
(H&E, X200). in a 42 day old chicken fed with (high dose)
combined mycotoxins (AFB1 and OTA)

Fig A2: Degenerative and necrotic changes in parenchyma, bile duct
hyperplasia and congestion and hemorrhages

Fig A1: Liver showing marked paleness, presence of congestion and
hemorrhages
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Fig A3: Kidney showing swollen and distended parenchyma,
paleness and mottled appearance

Fig B3: Normal appearance of kidney with mild congestion

Fig B4: Kidney; Normal architecture of tubular epithelium
Fig A4: Kidney: Massive degenerative changes & total
desquamation of tubules, inter tubular hemorrhages and appearance
of hyaline casts in lumen of tubules

B. Gross appearance and histopathological changes
(H&E, X200) in a 42 day old chicken fed with (high dose)
combined mycotoxins (AFB1 and OTA) supplemented
with DAE

Fig B1: Liver normal appearance with mild congestion

In the present study, a significant increase (P<0.001) in
relative weight of liver and kidney in G4 and G5 were
supported by similar observation due to feeding of aflatoxin
and ochratoxin in birds by many researchers [8, 17, 22, 23, 29, 30, 31].
Increase in the relative weight of liver and kidney may be
attributed to the hepatotoxic and nephrotoxic effect of
aflatoxin and ochratoxin respectively, thereby impairment in
liver and kidney function, accumulation of lipids and proteins
[26]
. Also, in the present study marked paleness, friable,
petechial hemorrhages and less fatty changes in liver and in
kidney marked dilatation of ureter, severe enlargement of
kidney and presence of urate crystals, severe tubular
degeneration and desquamation of epithelium, intertubular
hemorrhages were observed in aflatoxin and ochratoxin
groups, these findings agree with data of many worker [14, 23,
24, 16, 34]
.
Supplementation of DAE to aflatoxin and ochratoxin
contaminated diet reversed the pathological changes in liver
and kidney of G6 and G7 (Fig. B2 & B4). These findings
were supported by author who reported that addition of
OchraTox (5 g/kg) to OTA (2 mg/kg) contaminated feed in
layer hens ameliorated the pathological changes in ochratoxin
[4]
. Similarly, the present study agree with the findings of
author who found that addition of AflaDetox (1, 2 and 5 g/kg)
to AFB1 (1 mg/kg) contaminated feed in broiler protected the
pathological changes in aflatoxin [5]. These findings are
supported by similar observations made by researchers, where
supplementation of DAE in aflatoxin (0.5 and 1 ppm)
contaminated feed from 1 to 42 day old broilers significantly
improved the detrimental effect of aflatoxin on pathological
changes in liver and kidney thereby showing protective role
of DAE in combined mycoxtoxin toxicity in broilers [16,17].

Fig B2: Liver: normal architecture of parenchyma
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3.2.2 Serum parameters
A significant increase (P<0.001) in the activity of liver
functional biomarker enzymes aspartate aminotransferase
(AST or SGOT) and alanine aminotransferase (ALT or
SGPT) were noticed in G4, G5 as compared to G1, G2, G3,
G6 and G7 in the present study (Table No. 5). Increase in
SGPT and SGOT in G4 and G5 were in agreement with
similar findings of many researcher with various dietary
levels of aflatoxin and ochratoxin combination indicates
severe liver damage by aflatoxin and ochratoxin [14, 23, 24, 28, 15].
Marked increase in gamma glutamyl transferase (GGT)
activity was noticed in birds fed with Afla-Ochratoxin
induced G4, G5 as compared to G1, G2, G3, G6 and G7 in the
present study and was highly suggestive of bile duct injury,
many authors reported increase in GGT activity in dietary
aflatoxicosis [5, 15] and ochratoxicosis of birds [3].
Consequently, increase in the activities of SGPT, SGOT and
GGT are primarily indicating hepatic damage by aflatoxin and
ochratoxin.
Significant increase (P<0.001) in serum creatinine and uric
acid levels were observed in G4 and G5 groups. The present
study on increase serum creatinine and uric acid level in
combined mycotoxicosis were supported by similar findings
of many authors [14,23,24,28,34] where increase in serum
creatinine and uric acid may be suggestive of inflammatory or
degenerative changes in the kidney.
Supplementation of DAE in combined aflatoxin and
ochratoxin contaminated feed in coloured broiler significantly
hampered the increase in SGPT, SGOT, GGT creatinine and
uric acid (Table no.5) thereby showing protective role of DAE
on serum biochemistry in combined mycoxtoxin toxicity in
broilers. These findings are supported by similar observations
made many workers who found that supplementation of DAE
(400 and 800 mg/kg) to individual aflatoxin [15] and individual
ochratoxin induced toxicity [2] ameliorated the deleterious
effect of aflatoxin and ochratoxin A on liver and kidney
biomarker enzymes in broilers.
4. Conclusion
In our present study, diatomaceous earth (DAE) showed
marked protection against combined mycotoxin toxicity in
vivo, thereby proving to be non toxic at 0.5 and 1 g/kg. DAE
ameliorated the detrimental effect of combined aflatoxin and
ochratoxin A (0.5 and 1 ppm each) on growth performance,
relative weight of organs, serum biochemical parameters and
pathological changes in coloured broilers. Hence DAE can be
safely used as toxin binders and anti-caking agent in poultry
feed to reduce the prevalence and incidence of mixed
mycotoxins associated disorder conditions in poultry industry.
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