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Abstract
Objective - The aim of this study was planned to throw the light on the hepatotoxic effects of
aflatoxin in duck and to evaluate the effects turmeric (Curcuma longa ground roots) for protection
against aflatoxicosis and to explore if they can decrease the aflatoxin production by Aspergillus
flavus toxigenic strain on poultry diet. Design - in vitro and in vivo experimentation,
malondialdhyde (MDA), Glutathione (GSH) and aflatoxin residues. Results - Aflatoxin (AF) from
Aspergillus flavus toxigenic strain was selected as a potent and widely distributed hepatotoxin that
induces much health and economic hazards in animal and human. Aspergillus flavus was cultivated
on rice to produce the aflatoxin that is used in the present study. Pekin ducklings were allotted to
control, aflatoxin treated, turmeric and aflatoxin and turmeric groups. Total proteins, albumin,
alanine aminotransferase (ALT) (EC 2.6.1.1) and aspartate aminotransferase (AST) (EC 2.6.1.2),
cholesterol and triacylglycerols were measured in serum. The levels of hepatic Malondialdhyde and
Glutathione levels and aflatoxin residues were also measured. Conclusions - From the obtained
results, it can conclude that aflatoxin has hepatotoxic effects through decrease of total proteins,
albumin and glutathione. Moreover, increase ALT, AST, cholesterol, triacylglycerols and lipid
peroxidation levels. In addition, aflatoxin induced histopathological changes of liver and residues of
aflatoxin were measured. Addition of turmeric to duckling's ration were induced a protective effect
against aflatoxicosis. So, we advice to use turmeric as a feed additive in poultry farms.
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INTRODUCTION
Mycotoxins are secondary metabolites
that have no biochemical significance in
fungal growth and development. Mycotoxins
of greatest public health hazards include
aflatoxins
(AF),
ochratoxins
(OT),
trichothecenes,
zearalenone
(ZEN),
fumonisins (F), tremorgenic toxins, and ergot
alkaloids [1]. AFs are the most naturally
occurring mycotoxin that found on foods
such as corn, peanuts, various other nuts and
cotton seed. Since their discovery in the
1960s, they have been demonstrated to be
carcinogenic in many animal species,
including rodents, non- human primates and

fish. AF produced by the fungi Aspergillus
flavus and Aspergillus parasiticus are major
contaminants of common feed ingredients
used in poultry rations [2]. AFB1 is the most
biologically active form of aflatoxins and
causes poor performance, liver lesions, and
immunosuppression in poultry [3].
Plant compounds like coumarins,
flavonoids, and curcuminoids have inhibitory
action on biotransformation of AF to their
active epoxide derivatives. Turmeric
(Curcuma longa), a medicinal plant native to
the Asian subcontinent, is known to possess
antimicrobial and antioxidant properties. The
powder of dried roots and rhizomes of
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turmeric is used as one of the spices in many
countries. The curcuminoids, yellowish
pigments present in turmeric powder, have
shown protective effects against AFB1 [4].
Supplementation of curcumin in the diet
normalized the altered activities of LDH and
ALT induced by AF. At molecular level,
curcumin significantly reduced AFB (1)-N
(7)-guanine adduct excretion in the urine,
DNA adduct in the liver and albumin adduct
in the serum [5]. Supplementation of
turmeric powder in diets in chicks fed AF
contaminated diets improves the antioxidant,
biotransformation, and immune system genes
in livers of chicks fed AFB1 [6].

MATERIAL AND METHOD
The present study was carried out on
hundred Pekin ducklings of average body
weight about (200±50 g). They were received
ration and water ad libitum. All birds were
housed in the same place and the basal diet
for two weeks before the beginning of the
experiment for acclimatization and to ensure
a normal growth and behavior.
Curcuma longa roots were purchased,
(Department of Plant, Faculty of Agriculture,
Damanhour University), washed, dried,
purified finally ground in mortar and
perfectly purified then added to the
duckling's diet. Part of identified turmeric
were kept at -20C as a reference.
Basal diet contains (63.1% ground yellow
corn, 28.2% soya been meal (44% CP), 4.3%
corn gluten meal (60% CP), 0.6% vegetable
oils, 1.8% dicalcium phosphate, 1.1% ground
limestone, 0.4% common salts, 0.3% mineral
and vitamin premix, 0.1% lysine and 0.1%
methionine) was used for feeding the duckling.
Hundred ducklings were allotted into two
equal groups each group was arranged as
triplicate. G1 (Control group) contains 50
ducklings fed basal diet and corn oil per os.
G2 (Aflatoxin treated group) contains 50
ducklings fed basal diet and corn oil contains
aflatoxin (30 µg /kg duck per day) for 2
weeks per os (seven ducklings were die
during this period). At 4th week 5 ducklings
from each group were scarified and blood
samples and liver samples were taken and
kept after separation of serum and washing of
livers at -20C till biochemical analysis were

done. The remaining birds of each group
were allotted into two groups: the above G1
group contains 50 ducklings was allotted into
G3 (Control–ve) fed basal diet of 20
ducklings and G4 (Turmeric group) contains
25 ducklings fed basal diet containing 1.0%
turmeric powder. In addition, G2 (Aflatoxin
treated group) was allotted into G5
(aflatoxinicated birds) contains 18 ducklings
fed basal diet and G6 (AF+Turmeric)
contains 20 ducklings fed basal diet
containing 1.0% turmeric powder.
Production of aflatoxin on corn
Spores of Aspergillus flavus isolate were
kept in physiological salt solution containing
0.01% Tween 80 (PST); they were inoculated
onto Czapek's Dox plates and incubated at
30C for 7 days. After this period, the spores
were recovered by washing the Czapek's Dox
surface with sterile PST. The harvested
spores were enumerated and used as
inoculums of (5x103/ml) spore count [7].
Cultivation of Aspergillus flavus on corn; this
process was done by using the method of [8]
with some modifications as following: T1
(Control): 50 g of crushed yellow corn and
Aspergillus flavus inoculum; T2: 50 g of
crushed yellow corn, turmeric powder 0.5%
and Aspergillus flavus inoculum; T3: 50 g of
crushed yellow corn, turmeric powder 1.0%
and Aspergillus flavus inoculum and T4: 50 g
of crushed yellow corn, turmeric powder
2.0% and Aspergillus flavus inoculum.
Extraction and measurement of aflatoxin
AFB1 and AFB2 in corn were determined
using the method of [9] with some
modifications. Then AF extracts were
measured by using high performance liquid
chromatography (HPLC).
Production of aflatoxin on rice for in vivo
experiment
Aspergillus flavus was cultured on rice
for production of aflatoxin which will be
produced for in vivo experiment by the
method [8]. The extracted aflatoxin has been
dissolved in chloroform then adding the corn
oil with continuous mixing on magnetic
stirrer at 60oC for evaporation of chloroform.
Blood and liver samples
Blood samples were collected from wing
vein in clean dry tubes and centrifuged at
3000 rpm for 10 min. Separated serum
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samples were collected and subjected to
biochemical analysis.
Immediately after ducklings were
scarified the abdomens were opened and the
livers were removed and washed by cold
saline to remove remaining blood then
blotted by filter paper to remove remaining
saline, In addition, part of liver was kept in
10% neutral buffered formalin solution
(BFS) for histopathological examination; The
second part was used for measurement of
malondialdehyde (MDA) and glutathione
(GSH) and the last part was used for
quantification of AF residues.
Biochemical analysis
Collected serum samples were subjected
to measurement of total proteins and albumin
[10], Alanine aminotransferase (ALT) (EC
2.6.1.1) and Aspartate Aminotransferase
(AST) (EC 2.6.1.2) [11], Cholesterol [12]
and triacylglycerol [13]. Lipid peroxidation
product (malondialdhyde) was measured
spectrophotometrically after the reaction with
TBA according to the method described by
[14]. Glutathione level was assayed
colorimetrically according to the method
described by [15].
Histopathological studies
Liver specimens were rapidly fixed in 10%
neutral buffered formalin solution for at least
24 hours. The fixed specimens were processed
through the conventional paraffin embedding
technique (dehydration through ascending
grades of ethanol, clearing in chloroform and
embedding in paraffin wax at 60oC. Paraffin
blocks were prepared from which 5 microns
thick sections were obtained and stained by

hematoxyline and eosin (H&E) according to
the method described by [16].
Statistical analysis: All calculations and
analysis was done by [17].

RESULTS AND DISCUSSIONS
In vitro experiment
Table (1) and Fig. (1) showed that AFB1
production levels were decreased as
compared to control by inhibition
percentages of 35.27%, 53.9%, and 59.17%,
production
respectively.
Also
AFB2
inhibition percentages were 27.02%, 45.95%,
59.46% respectively when compared with
control +ve flasks. In the past decade, interest
on the topic of antimicrobial plant extracts
has been growing. Various spices and herb
extracts have been used for the purpose of
food preservation and medicinal purposes
[18]. Turmeric used as a feed additive as they
were added to yellow corn in different
concentrations to investigate the effects of
these plants on aflatoxin production levels by
Aspergillus flavus toxigenic strain. Turmeric
by a concentrations of 0.5%, 1.0% and 2.0%
were decreased the aflatoxin production by
Aspergillus flavus. This result is agreed with
that of [19] who reported the antifungical
activity of turmeric volatile oil. About 90%
reduction in aflatoxin production at a 5–
10 mg/ml concentration of turmeric, an effect
attributed to the antioxidant curcumin in
turmeric [20]. In addition, turmeric inhibited
the spore count and the aflatoxin production
by Aspergillus flavus [21].

Table 1: Effect of Turmeric on aflatoxin production by Aspergillus flavus
AFB1 production
AFB1 production
AFB2 production
level (ppb)
inhibition %
level (ppb)
T1
1063±35.12
37±5.36
T2
688±18.30**
35.27
27±4.29*
T3
490±20.47**
53.90
20±5.13*
T4
434±15.24**
59.17
15±4.54*
* Values are significant compared to control (P< 0.05).
** Values are highly significant compared to control (P< 0.01).
T1 (Control +ve), T2 (Turmeric 0.5%), T3 (Turmeric 1.0%), T4 (Turmeric 2.0%)
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Fig. 1: Effect of Turmeric on aflatoxin production by Aspergillus flavus.

In vivo experiment
At the 4th week of experiment total
proteins and albumin were significantly
decrease. While, ALT, AST, cholesterol and
triacylglycerol were significantly increased
(Table, 2). These changes might be attributed
to the hepatotoxicity induced by aflatoxin.
The data illustrated in Table, (3) and Fig. (3)
a significant increase in total serum protein
levels were recorded. While, AST,
cholesterol triacylglycerol were significantly
decreased by addition of turmeric as diet
supplement (G4). In G5 total protein and
albumin levels were significantly decreased.
But
ALT,
AST,
cholesterol
and
triacylglycerol were significantly increased.
At 8th week in G4 serum total proteins and
albumin were significantly increased While,
cholesterol
and
triacylglycerol
were
significantly decreased. In contrast, in G5
total proteins and albumin were significantly
decreased and ALT, AST, cholesterol and
triacylglycerol were significantly increased
(Table, 4 and Fig. 4).
In aflatoxin treated group, serum total
proteins and albumin have been significantly
decreased after two weeks treatment in
comparable to control one. Many studies
confirmed that observation; aflatoxin decreased
the total serum proteins and albumin levels in
broiler chicks [22]. The decrease in total serum
proteins might be contributed to the binding of
aflatoxin to DNA. Therefore, aflatoxin hinder

transcription and translation in return decrease
the protein synthesis, as the exo-epoxide
product of aflatoxin metabolism reacted with
N7-guanine in DNA [23]. The data recorded in
Table, (2) showed a significant increase in
ALT, AST, cholesterol and triacylglycerol in
aflatoxin treated group. This result comes in
accordance with that, aflatoxin was increased
serum ALT activity of ducks [24], broilers [25]
and Japanese quail [26].
Turmeric was significantly increased total
serum proteins at (6th and 8th weeks) and
albumin at (8th week) While, AST, cholesterol
and triacylglycerol were significantly
decreased. These results were in accordance
with the study on broiler given a diet mixed
with turmeric for
45
days [27].
Supplementation of ducklings with turmeric
after aflatoxin treatment increased the total
serum proteins level than that of (aflatoxicated
birds) group. This might be due to the
antioxidant effect of them against aflatoxin or
due to that turmeric increase the total serum
proteins level [28]. Curcumin admixed with
the diet (0.5% w/w) decreased serum
cholesterol by about 21% and LDL-cholesterol
by 42.5%, but it increased serum HDL by 50%
[29]. In G6, turmeric was reverted the
reduction in (total proteins and albumin) levels
and the elevation in (ALT, AST, cholesterol
and triacylglycerol) which induced by AF as
turmeric opposed the AF hepatotoxicity.
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Table 2: Effect of aflatoxin on some serum parameters of ducklings in G1 (control) and
th
G2 (Aflatoxin treated) at 4 week of experiment
Total
Albumin
ALT
AST
Cholesterol
Triacylglyceride
protein
(g/dl)
(U/L)
(U/L)
(mg/dl)
(mg/dl)
(g/dl)
G1
7.1±0.22
4.29±0.43
26±1.24
22±2.41
120.6±6.25
148.24±7.12
G2
5.01±0.08*
3.07±0.07*
42±2.37*
49±0.46*
176±1.27*
182.04±8.40*
* Values are significant compared to control (P< 0.05).
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Fig. 2: Effect of aflatoxin on some serum parameters of ducklings in G1 (control) and
th
G2 (Aflatoxin treated) at 4 week of experiment
Table 3: Effect of turmeric on some serum parameters of ducklings in G3 (control-ve), G4 (Turmeric
th
group), G5 (aflatoxinicated birds) and G6 (AF+Turmeric) at 6 week of experiment
Total protein
Albumin
ALT
AST
Cholesterol
Triacylglycerol
(g/dl)
(g/dl)
(U/L)
(U/L)
(mg/dl)
(mg/dl)
G3
6.07±0.13
4.01±0.24
26±0.78
23±1.45
150.75±7.31
141.8±4.12
G4
7.96±0.23*
4.51±0.62
25±0.12
26±0.20*
121.15±0.41*
122.82±5.47*
G5
5.34±0.25*
3.08±0.12*
38±1.08*
38±2.30*
173.05±2.20*
174.64±1.10*
G6
6.50±0.54
3.99±0.41
31±2.11
29±1.78
160.3±1.10
140.01±0.32
* Values are significant compared to control (P< 0.05).
200

Total protein (g/dl)

150

Albumin (g/dl)
ALT (U/L)

100

AST (U/L)

50

Cholesterol (mg/dl)
0
G3

G4

G5

G6

Triacylglyceride (mg/dl)

Fig. 3: Effect of turmeric on some serum parameters of ducklings in G3 (control-ve) G4 (Turmeric
th
group) G5 (aflatoxinicated birds) and G6 (AF+Turmeric) at 6 week of experiment
Table 4: Effect of turmeric on some serum parameters of ducklings in G3 (control-ve)
th
G4 (Turmeric group) G5 (aflatoxinicated birds) and G6 (AF+Turmeric) at 8 week of experiment
Total protein
Albumin
ALT
AST
Cholesterol
Triacylglycerol
(g/dl)
(g/dl)
(U/L)
(U/L)
(mg/dl)
(mg/dl)
G3
6.49±0.25
3.05±0.58
28±0.96
22±1.36
134.17±10.3
142.12±1.14
G4
8.34±0.05*
5.25±0.23*
28±2.17
22±1.42
103.
111.56±0.12*
95±5.40*
G5
5.60±0.33*
2.60±0.17*
34±2.64*
32±1.58* 160.6±17.33*
161.13±5.42*
G6
6.07±0.24
3.03±0.43
30±1.69
25±1.40
145.35±20.23
147.78±6.14
* Values are significant compared to control (P< 0.05).
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Fig. 4: Effect of turmeric on some serum parameters of ducklings in G3 (control-ve) G4
th
(Turmeric group) G5 (aflatoxinicated birds) and G6 (AF+Turmeric) at 8 week of experiment

The data obtained in the Table, (5) showed
that hepatic malondialdehyde levels were
significantly increased and glutathione level
was significantly decreased in G2 at 4th week
of experiment when compared with G1. MDA
levels were significantly decreased in G4 at
(6th and 8th weeks) and significantly increased
in G5 at (6th and 8th weeks) in comparison to
G3. In contrary, GSH levels were significantly
increased in G4 at (6th and 8th weeks) and
significantly decreased in G5 at (6th and 8th
weeks) in comparison to G3. The results of
our study indicated that administration of
aflatoxin to ducklings induced an increase in
lipid peroxidation in liver which evidenced by
the elevation in malondialdehyde level. The
increased lipid peroxidation in aflatoxin
treated birds is agreed by [30] who stated that
treatment of rats by aflatoxin increased lipid
peroxidation level in comparable to control
one. Moreover, Aflatoxin treatment caused a
significant increase in MDA in rabbit's liver
[31], plasma MDA of quail [32] and rats [33].
Malondialdehyde level in liver nonsignificantly decreased in turmeric fed group

in comparison to control untreated one. This
result is agreed by [34] who reported a
significant decrease in lipid peroxidation level
with concomitant decrease in lead levels in all
the brain regions of curcumin fed group. In
addition, curcumin exerted a significant
decrease in the lipid peroxidation and an
improvement of antioxidant status [35].
Obtained data evidenced the protective
effect of turmeric against the oxidant adverse
effect induced by AF. Curcumin’s antioxidant
properties might not be only due to its
chemical nature as a free radical scavenger,
but also due to its ability to induce GSHlinked defense mechanisms against oxidative
stress as well as increases in the activity of γglutamyl cysteinyl synthase, the rate limiting
step in glutathione synthesis [36]. Moreover,
induces de novo synthesis of GSH by
stimulating the activity and gene expression of
glutamate-cysteine ligase [37]. Turmeric as it
increases the synthesis of glutathione as the
antioxidant
mechanisms
against
any
xenobiotic including aflatoxin [28].

Table 5: Effect of aflatoxin and turmeric on MDA level (nM MDA / g wet liver) and glutathione level (µM /
g wet liver) of G1 (control), G2 (Aflatoxin treated), G3 (control-ve), G4 (Turmeric group),
G5 (aflatoxinicated birds) and G6 (AF+Turmeric)
th
th
th
4 week
6 week
8 week
MDA
GSH
MDA
GSH
MDA
GSH
G1
115.54±0.31
6.26±0.13
G3
114.64±1.23
4.67±0.36
114.27±2.49
4.82±0.11
G4 100.29±0.56* 16.14±0.45*
96.94±0.37*
17.43±0.31 *
G2 188.09±23.46* 3.67±0.24* G5 172.61±3.25*
3.14±1.23*
140.33±1.41*
2.29±0.45*
G6
125.13±2.33
6.88±0.79
120.50±1.63
6.73±1.36
* Values are significant compared to control (P< 0.05).
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Fig. 5: Effect of aflatoxin and turmeric on MDA level (nM MDA / g wet liver) and glutathione level
(µM / g wet liver) of G1 (control), G2 (Aflatoxin treated), G3 (control-ve), G4 (Turmeric group),
G5 (aflatoxinicated birds) and G6 (AF+Turmeric).

At 6th week AFB1 residues in liver were
decreased from 2.21 ppb to 0.69 ppb (G5) and
to 0.24 ppb (G6). In addition, it was decreased
to 0.24 ppb (G5) and 0.13 ppb (G6) at 8th week.
AFB2 were decreased to non detectable levels
at both 6th and 8th weeks (Table, 6). Our results
indicated that administration of aflatoxin to
ducklings led to accumulation of aflatoxin in
liver, which extracted and measured by HPLC.
In some studies, however, correlations had
been made between dietary aflatoxin
concentrations
and
the
subsequent
concentrations of tissue residues. Fed a variety

of domestic poultry species with diets
containing 30 µg for kg AFB1 for a 7day
period and showed that levels of AFB1 and its
metabolites were greater in liver than in muscle
for all bird species tested [38]. AFB1 residues
were observed only in muscle and liver of birds
given dietary AFB1 [25]. Turmeric, in which
turmeric caused a decrease in aflatoxin residues
in liver of G6 at 6th and 8th weeks these
decreased might be concerned to the
antioxidant effect of turmeric and enhancement
of phagocytosis in liver by turmeric.

Table 6: AFB1 and AFB2 residues of duckling's liver, and the effect of turmeric on its level
th
th
th
4 week
6 week
8 week
AFB1
AFB2
AFB1
AFB2
AFB1
AFB2
G1
ND
ND
G3
ND
ND
ND
ND
G4
ND
ND
ND
ND
G2
2.21 ppb
0.27 ppb
G5
0.69 ppb
ND
0.24 ppb
ND
G6
0.24 ppb
ND
0.13 ppb
ND
G1 (control), G2 (Aflatoxin treated), G3 (control-ve), G4 (Turmeric group), G5 (aflatoxinicated birds),
G6 (AF+Turmeric), ND (non detectable level)

Histopathological studies
Fig., (6) showing normal healthy
hepatocytes. While Fig., (7) showing the
effect of oral administration of aflatoxin (30
ug/kg b.w.) for two weeks, the slide showing
a
diffuse
hydropic
degeneration.
Histopathologically, addition of turmeric
showing mild hydropic degeneration in the
hepatocytes at 8th week While Fig., (9). In G5
at 6th week the liver picture showing diffuse
hydropic degeneration While Fig., (10). At
8th week the deleterious effects of aflatoxin is
still found as the While Fig., (11) showing

degenerative changes in the hepatocytes with
granular cytoplasm. In While Fig., (12)
turmeric after aflatoxin treatment was
induced a hepatocellular swelling and
moderate hydropic degeneration of the
majority of hepatic cells at 6th weeks. While
Fig., (13) showing congestion and hydropic
degeneration of some hepatocytes of liver of
duck G6 at 8th week.
In the present study, the histopathological
changes induced by AF is evidenced by the
study that reported, aflatoxin induced a liver
injury of ducklings such as bile duct
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proliferation and fatty degeneration [38].
Large fat droplets that displaced the nucleus
in chicks given dietary aflatoxin [39].
Variable degrees of regional massive
necrosis,
sometimes
involving
many
confluent lobules, scattered individual
hepatocyte
necrosis,
multilobular
degeneration, areas of hepatic degeneration
showing fatty changes, hyperplasia of the

epithelium and severe bile duct proliferation
in ducklings fed an aflatoxin-contaminated
diet [40]. Addition of turmeric to poultry
ration by percentage of 1.0% induced mild
hydropic degeneration in the hepatocytes at
6th and 8th weeks. In contrary, turmeric
decreased the histopathological adverse
effects induced by AF due to the effect of
active principles of turmeric.

Fig. 6: liver of duck in the G1 (control) showing
normal healthy hepatocytes. H&E (X250).

Fig. 7: liver of duck exposed to aflatoxin (G2)
for two weeks showing diffuse hydropic
degeneration. H&E (X250).

th

Fig. 8: liver of duck in G4 at 6 week. H&E (X 250).

th

Fig. 10: liver of duck G5 at 6 week showing diffuse
hydropic degeneration. H&E (X 250).

th

Fig. 12: liver of duck G6 at 6 week showing
hepatocellular swelling and moderate hydropic
degeneration of the majority of hepatic cells.
H&E (X 250).
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th

Fig. 9: liver of duck in G4 at 8 week showing
mild hydropic degeneration. H&E (X 250).

th

Fig. 11: liver of duck G5 at 8 week showing
degenerative changes in the hepatocytes with
granular cytoplasm. H&E (X 250).

th

Fig. 13: liver of duck G6 at 8 week
showing congestion and hydropic
degeneration of some hepatocyte.
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CONCLUSIONS
From the obtained results, it can conclude
that addition of turmeric as a feed additive in
poultry diet products the hepatotoxicity
induced by aflatoxin as turmeric inhibit the
growth and aflatoxin production by
Aspergillus flavus.

ACKNOWLEDGEMENTS
My thanks are also extended to Dr/ Hany
Alaganey, prof. of poultry diseases, Fac, of
Vet. Med., Alex. Univ., Dr/ Abdel-Gawad S.
El-Tahawy, lecturer of economic Fac, of Vet.
Med., Alex. Univ. and a veterinarian/ AbdelWahab Alsenosy, Fac, of Vet. Med.,
Damanhour Univ. for their sincere
cooperation, interest facilities they provided
throughout the study.

REFERENCES
[1] Hussein, S. H and Jeffrey M. B.: Toxicity,
metabolism, and impact of mycotoxins on humans
and animals. Toxicology, 2001, 167 (2): 101-134.
[2] Smith, J. E., Solomons, G., Lewis, C., and
Anderson, J. G.: Role of mycotoxins in human and
animal nutrition and health. Nat. Toxins, 1995,
3:187–192.
[3] Ledoux, D. R., Rottinghaus, G. E. Bermudez,
A. J. and Alonso–Debolt, M.: Efficacy of hydrated
sodium calcium aluminosilicate to ameliorate the
toxic effects of aflatoxin in broiler chicks. Poult.
Sci., 1998, 77:204–210.
[4] Lee, S. E., Campbell, B. C., Molyneux, R. J.,
Hasegawa, S. and Lee, H. S.: Inhibitory effects of
naturally occurring compounds on aflatoxin B1
biotransformation. J. Agric. Food Chem., 2001,
49:5171–5177.
[5] Nayak, S. and Sashidhar, R. B.: Metabolic
intervention of aflatoxin B1 toxicity by curcumin.
J Ethnopharmacol., 2010, 17; 127(3):641-644.
[6] Surai, P. F.: Natural antioxidants and
mycotoxins. Pages 455–509 in Natural
Antioxidants in Avian Nutrition and Reproduction,
1st ed. Nottingham University Press, Nottingham,
UK, 2002.
[7] Criseo, G., Bagnara, A. and Bisignano, G.:
Differentiation of aflatoxin-producing and nonproducing strains of Aspergillus flavus group.
Letters in Applied Microbiology, 2001, 33(4):291.
[8] Shotwell, O. L., Hessltine, C. W., Stubblefiehd,
R. D., and Sorenon, W. G.: production of aflatoxin
on rice. Applied microbiology, 1966, 14(3): 425428.

[9] AOAC (Association of Official Analytical
Chemists): Official Methods of Analysis: Natural
Toxins; 2, (18th Ed.), Association of Official
Analytical Chemists, Gaithersburg. 1995
[10] Henry R.J.:”Clinical chemistry”. 1st Ed.
Harper& Row Publishers, New York P. 181, 1964.
[11] Reitman, S. and Frankel, S.: A colorimetric
method for the determination of serum glutamic
oxalacetic and glutamic pyruvic transaminases.
Amer. J. Clin. Pathol., 1957, 28: 56-63.
[12] Zak B., Dickenman R. C., White E. G.,
Burnett H., and Cherney P. J.: Rapid Estimation of
Free and Total Cholesterol, Am. J. Clin. Pathol.;
1954, 24(11): 1307-1315.
[13] Fossati P., and Prencipe L.: Serum
Triacylglycerols Determined Colorimetrically with
an Enzyme that Produces Hydrogen Peroxide,
Clin. Chem., 1982; 28(10): 2077-2080.
[14] Placer, Z. A.; Crushman, L. and Johnson, B. C.:
Estimation of product of lipid peroxidation
(malodialdhyde) in biochemical systems. Anal.
Biochem., 1966, 16: 359 – 364.
[15] Sedlak, J. and Lindsay, R. H.: Estimation of
total, protein-bound, and nonprotein sulfhydryl
groups in tissue with Ellman's reagent. Anal.
Biochem., 1968, 25(1): 192-205.
[16]
Culling,
C.
F.:
Handbook
of
Histopathological and Histochemical Staining
Techniques. Third Ed.; Butterworth- London,
1983.
[17] SAS: Statistical Analysis System. Users
Guide Statistics, SAS Institute Cary, North
Carolina, 1996.
[18] Cowan, M. M.: Plant products as
antimicrobial agents. Clinical Microbiology
Reviews, 1999, 12: 564–582.
[19] Singh, G., Singh, O. P. and Maurya, S.:
Chemical and biocidal investigations on essential
oils of some Indian Curcuma species, Progress in
Crystal Growth and Characterization of materials,
2002, 75-81.
[20] Soni, K., B., Rajan, A., and Kuttan R.:
Reversal of aflatoxin induced liver damage by
turmeric and curcumin. Cancer Lett., 1992, 66(2):
115-121.
[21] Gowda, N. K. S., Malathi, V. and Suganthi,
R. U.: Effect of some chemical and herbal
compounds on growth of Aspergillus parasiticus
and aflatoxin production. Animal Feed Science
and Technology, 2004, 116(3-4): 281-291.
[22] Toulah, F. H.: Effect of aflatoxin on the
coccidial infection in broilers. J. Egypt. Soc.
Parasitol., 2007, 37(3):785-92.
[23] Cavin, C., Marin-Kuan, M., Langouet, S.,
Bezencon, C., Guignard, G., Verguet, C., Piguet,
D., Holzhauser, D., Cornaz, R. and Schilter, B.:
Induction of Nrf2-mediated cellular defenses and

- 158 -

Lucrări Ştiinţifice - vol. 55, Seria Zootehnie
alteration of phase I activities as mechanisms of
chemoprotective effects of coffee in the liver.
Food and Chemical Toxicology, 2008, 46: 1239–
1248.
[24] Han, X., Y.; Huang, Q.; Li, W.; Jiang, J.; Xu,
Z.: Changes in growth performance, digestive
enzyme activities and nutrient digestibility of
cherry valley ducks in response to aflatoxin B1
levels. Livestock Science, 2008, 119(1/3):216-220.
[25] Bintvihok, A. and Kositcharoenkul, S.: Effect
of dietary calcium propionate on performance,
hepatic enzyme activities and aflatoxin residues in
broilers fed a diet containing low levels of
aflatoxin B1. Toxicon, 2006, 47: 41–46.
[26] Madheswaran, R. and Balachandran, C.,
Murali and Manohar, B.: Influence of dietary
culture material containing aflatoxin and T2 toxin
on certain serum biochemical constituents in
Japanese quail. Mycopathologia, 2004, 158(3):
337-341.
[27] Kumari, P., Gupta, M. K., Ranjan, R., Singh,
K. K. and Yadava, R.: Curcuma longa as feed
additive in broiler birds and its patho-physiological
effects. Indian J. Exp. Biol., 2007, 45(3): 272-277.
[28] El-Far, A., H.: The biochemical protective
role of some herbs against aflatoxicosis in
ducklings. PhD thesis. Fac. Vet. Med., Alex.
Univ., 2008.
[29] Arafa, H. M.: Curcumin attenuates dietinduced hypercholesterolemia in rats. Med Sci
Monit., 2005, 11(7): BR 228-234.
[30] Meki, A. R., Esmail, E., Hussein, A. A. and
Hassanein, H. M.: Caspase-3 and heat shock
protein-70 in rat liver treated with aflatoxin B1:
effect of melatonin. Toxicon, 2004, 43(1): 93-100.
[31] Guerre, P., Larrieu, G., Burgat, V. and
Galtier, P.: Cytochrome P450 decreases are
correlated to increased microsomal oxidative
damage in rabbit liver and primary cultures of
rabbit hepatocytes exposed to AFB1. Toxicol Lett.,
1999, 104(1-2): 117-125.
[32] Citil, M., Gunes, V., Atakisi, O., Ozcan, A.,
Tuzcu, M. and Dogan, A.: Protective effect of Lcarnitine against oxidative damage caused by
experimental chronic aflatoxicosis in quail

(Coturnix coturnix). Acta Vet. Hung., 2005, 53(3):
319-324.
[33] El-Agamy D. S.: Comparative effects of
curcumin and resveratrol on aflatoxin B(1)induced liver injury in rats. rch Toxicol., 2010,
84(5):389-396.
[34] Shukla, P. K., Khanna, V. K., Khan, M. Y.
and Srimal, R.C.: Protective effect of curcumin
against lead neurotoxicity in rat. Hum Exp
Toxicol., 2003, 22(12): 653-658.
[35] Yarru, L., P, Settivari R., S., Gowda N., K.,
Antoniou, E., Ledoux D., R., Rottinghaus, G., E.:
Effects of turmeric (Curcuma longa) on the
expression of hepatic genes associated with
biotransformation, antioxidant, and immune
systems in broiler chicks fed aflatoxin. Poult Sci.,
2009, 88(12):2620-2627.
[36] Piper, J.T., Singhal, S.S., Salameh, M.S.,
Torman, R.T., Awasthi, Y. C. and Awasthi, S.:
Mechanisms of anticarcinogenic properties of
curcumin: the effect of curcumin on glutathione
linked detoxification enzymes in rat liver. Int. J.
Biochem. Cell Biol., 1998, 30: 445–456.
[37] Zheng, S., Yumei, F. and Chen, A.: De novo
synthesis of glutathione is a prerequisite for
curcumin to inhibit hepatic stellate cell (HSC)
activation. Free Radic. Biol. Med., 2007, 43(3):
444-453.
[38] Bintvihok, A., Banlunara, W. and
Kaewamatawong, T.: Aflatoxin detoxification by
esterified glucomannan in ducklings. Thai J.
Health Res., 2002, 16: 135–148.
[39] Abdolamir, A., Alireza, S., Seyed, A.,
Mahmmoud, S., Mehdi, R. and Azam, A.:
Evaluation of biochemical and production
parameters of broiler chicks fed ammonia treated
aflatoxin contaminated maize grains. Animal Feed
Science and Technology, 2005, 122 (3-4): 289301.
[40] Mendez-Albores, A., Del Rıo-Garcıa, J. C.
and Moreno-Martınez, E.: Decontamination of
aflatoxin duckling feed with aqueous citric acid
treatment. Animal Feed Science and Technology,
2007, 135: 249–262

- 159 -

