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Abstract
In the current study, Biochemical examination of aflatoxin intoxicated rabbits serum revealed significant increase in aspartate aminotransferase (AST), alanine aminotransferase (ALT) and γglutamy ltransferase (γGT) activities, malondialdhyde (MDA), triglycerides, very low density lipoprotein (VLDL), atherogenic index (LDL/HDL%) and VLDL/HDL%, creatinine, urea and uric acid
concentrations. On the other hand, serum superoxide dismutase (SOD activity), reduced glutathione
(GSH), cholesterol, high density lipoprotein (HDL) and low density lipoprotein (LDL) concentrations
were significantly decreased in serum of rabbits fed aflatoxin contaminated ration. Chemical analysis of meat showed that SOD activity, GSH content, total protein%, fat%, ash%, triglycerides, cholesterol, calcium (Ca), inorganic phosphorus (P), sodium (Na) and potassium (K) concentrations in
the meat of aflatoxin intoxicated rabbits were significantly decreased comparing with control. However, MDA concentration and moisture % were significantly higher than control rabbits. Additionally, chemical analysis of intoxicated rabbit's meat samples revealed presence of aflatoxin residues
(3.2 ppb) in such meat.
Keywords: Aflatoxin, oxidative stress, liver& kidney functions, lipid profile, meat constituents,
aflatoxin residues and rabbit.
five to eight rabbits. That means a female rabbit can give 90-105 young ones during its reproductive life that extends for 3 to 4 years.
(Para et al., 2015) In an efficient breeding,
rabbits convert up to 20% of the consumed
protein into meat, which is more than that of
pigs (15-18%) and cattles (9-12%) (Suttle,
2010).
Global rabbit meat production approached 1.8
million tones per year in 2010, being predominantly concentrated in Asia (48.8%), Europe
(28.4%), and the Americas (18.1%). The largest producer was China (669,000 tons) followed by Italy (255,000 tons), South Korea
(133,000 tons) and Egypt (70,000 tons),
(FAOSTAT 2010 & 2012). Rabbit meat repre-

Introduction
Rabbits farming have been taken up in the
world for meat, fur, and biomedical purposes
(Lakkawar et al., 2004). The importance of
the domestic rabbit as a supplier of meat for
human consumption is widely recognized
throughout the world. (Murshed et al., 2014).
Breeding of rabbit in developing countries
constitutes an extended activity among their
populations. It aims to improve the financial
situation and provide a high protein diet for
these populations (Verspecht et al., 2011).
However, production of rabbit meat in Africa
remains marginal (Bléyéré et al., 2013).
Rabbits are prolific breeders. The animal
breeds at least four times a year with a litter of
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sents a typical food for many Mediterranean
countries like Algeria, Cyprus, Egypt, France,
Italy, Spain, and some other European countries such as Belgium, Czech Republic, Luxembourg and Portugal (Dalle Zotte and Szendrő, 2011).
Worldwide high-value animal protein demand
is in a continuous increase. The global per capita consumption of meat was reported to be
36.4 kg/year in 1999 and, more recently, per
capita meat consumption is expected to increase to be 45.3 % by 2030 (Bruinsma, 2003;
Fiala, 2008; Schönfeldt, and Gibson, 2008)
due to the increasing world population, rising
incomes and urbanization (Steinfeld et al.,
2006).
Meat is a major source of many nutrients,
some of which are exclusive of meat or have
higher bioavailability compared to other
sources, thus playing a crucial role in maintaining human health (Arihara, 2006). Consequently, meat can be considered a functional
food to the extent that it naturally contains
many nutritive elements essential for humans,
such as protein, fats, vitamins, essential amino
acids, and minerals (Zhang et al., 2010).
Rabbit meat is an interesting white meat ideal
for modern consumers who are increasingly
aware of the link between diet and health and
see it as a valuable way to improve the quality
of their lives (Olmedilla-Alonso et al., 2013).
Rabbit meat is appreciated for its vitamin Bcomplex content Particularly B12, being considered the highest among common animal
meat species such as pork, beef, veal and
chicken, for its low sodium, and low cholesterol (Dalle Zotte and Szendrő, 2011).
Nutritionally, rabbit meat is flavorful and easily digested, with high nutritional and dietetic
properties: this meat contains 20–21% proteins
of a high biological value; high levels of essential amino acids (Dalle Zotte, 2004), high
levels of unsaturated fatty acids (oleic and linoleic; 60% of all fatty acids), potassium,
phosphorus, and magnesium. It has low concentrations of fat, cholesterol, and sodium
(Bielanski et al., 2000 and Hermida et al.,
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2006). So, rabbit meat is better than other
kinds of meat (beef, lamb, or pork) (Enser et
al., 1996) and is recommended for persons
with cardiovascular illnesses (Hu and Willett,
2002). Moreover, the energy value of rabbit
meat (427–849 kJ/100 g of fresh meat) is comparable to various commonly consumed sorts
of red meat (Dalle Zotte, 2002). Also, rabbit
meat does not contain uric acid and has a low
content of purines (Hernández, 2007).
Rabbit meat contains higher amounts of
threonine, histidine, lysine, serine, glutamic
acid, and glycine than ostrich meat and also
higher amounts of threonine, lysine, glutamic
acid, and glycine as compared to chicken meat
(Sales and Hayes, 1996 and Strakova et al.,
2006).
The amount of cholesterol in rabbit meat is
about 59 mg/100 g in muscle(Combes, 2004),
lower than those of other species (61 mg in
pork, 70 mg in beef, 81 mg in chicken) (Dalle
Zotte, 2002).
Rabbit meat offers excellent nutritive and dietetic properties because it is a lean meat; rich
in protein, contains a high level of polyunsaturated fatty acids (PUFAs) and a low cholesterol content (Hernandez and Dalle Zotte
2010).
Rabbit meat is also an important source of
minerals P, K, Zn and Se and it is favorably
low in Na (37-47 mg /100 g edible fraction)
(Dalle Zotte & Szendrő, 2011). The mineral
fraction of rabbit meat is characterized by its
low contents in sodium (49 and 37 mg/100 g
for hind leg and loin, respectively) and iron
(1.3 and 1.1 mg/100 g for hind leg and loin,
respectively), while the phosphorus level is
high (230 and 222 mg/100 g for hind leg and
loin, respectively (Combes, 2004).
On the other hand, consumers have started associating meat and meat products with a more
negative image. This is mainly due to their
contents of fat, saturated fatty acids, cholesterol, sodium and nitrite, which have been associated with an increased risk to develop
chronic diseases like obesity, cardiovascular
disease, diabetes mellitus and some types of
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cancer (Arihara, 2006). Foods of animal origin play an important role in determining the
exposure of human beings to contaminants either of biological or chemical origin
(Hernández, 2008). In the last decades, meat
started to be seen as a food containing harmful
compounds which could increase the risk to
develop diseases (Larsen, 2003).
One of the food contaminants of greatest concern in food safety is aflatoxins (Sabran et al.,
2012). Aflatoxins are secondary toxic fungal
metabolites produced by toxigenic strains of
Aspergillus species of fungi, mainly Aspergillus flavus and Aspergillus parasiticus, Aspergillus fumigatus and A. nomius. They are toxic
to a wide variety of animals (Benneti and
Klish, 2003). The main route of exposure is
through the diet, and this toxin is ubiquitously
found in a variety of food commodities such as
nuts, cereals, spices and herbs (MohdRedzwan et al., 2013). Aflatoxin B1 (AFB1)
is classified by the International Agency for
Research on Cancer (IARC, 2002) as a Group
1 carcinogen to humans, which is linked to the
development of hepatocellular carcinoma
(HCC) (Strosnider et al., 2006). Moreover, it
estimated that more than five billion people in
developing countries face uncontrolled exposure to this food contaminant, especially in certain Asian and African countries where aflatoxin contamination is prevalent. (Adilah and
Redzwan, 2017).
Rabbits are one of the most sensitive animals
for aflatoxins (AF) (Guerre et al., 1996). Aflatoxicosis caused by AFB1 represents one of the
most serious diseases of rabbits. Ingestion of
AFs by rabbits showed many effects including,
reduction of feed intake, poor efficiency of
feed conversion and feed efficiency, poor
growth, mal-absorption of various nutrients,
decreased tissues integrity, increased susceptibility to infection, vaccine and drug failure and
increased sensitivity to high temperature, great
pathological changes, organs dysfunction, genetic damage and decreased productive and
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reproductive performance (Marai and Asker,
2008).
Food safety is an important and essential aspect for consumers, especially on the meat sector since numerous crises have recently affected meat production (Hernández, 2008).
Aflatoxin persists as a threat to the health of
animals and humans in spite of the extensive
research on preventive measures (Dixon, et al.,
2008). Aflatoxin residues had reported in the
meat of broiler chickens fed with aflatoxincontaminated feed (Hussain et al., 2010).
Since AFB1 has been implicated in the etiology of hepatic cancer, the presence of aflatoxin
residues in milk, eggs and meat that represents
a potential human health hazard, most countries have restricted the marketing of aflatoxincontaminated grains (Van Egmond, 1989).
The US Food and Drug Administration has set
the maximum residue levels (MRLs) for aflatoxins in most food and feed ingredients at 20
μg kg−1. The European Commission has set the
MRLs for AFB1 and total aflatoxins in nuts
and cereals for human consumption at 2 and 4
μg kg−1 respectively(Brinda et al., 2013).
The aim of the present work was to throw light
on the harmful effects of aflatoxin B1 presented
in ration on rabbit’s antioxidant status, liver &
kidney functions and lipid profile, concentrations and to study the effect of aflatoxin on the
oxidative stability, nutritional quality (some
chemical constituents) and aflatoxin residues
in rabbit meat to indicate the economic loss in
rabbit’s farms due to ration aflatoxicosis.
Materials and Methods
Ration analysis:
Ration samples were analyzed for the detection
of aflatoxins according to the procedures described by Truckess et al., (1991), using Vicam™ Fluorometer.
Aflatoxin B1 (AFB1) Production and quantification:
Aflatoxin was produced using a reference toxi-
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genic strain of Aspergillus parasiticus obtained
from mycology department, faculty of Veterinary. Medicine, Cairo university as the method
of Shotwell et al., (1966).The fermented cultures were harvested (6th day), autoclaved,
oven dried, pulverized and AF was extracted
(Romer, 1975) and quantified by the procedures of Truckess et al., (1991).
The culture material was mixed with the experimental crushed pellets to contain total AF
concentration of 60.0 µg/Kg of feed.
(Karakilcik et al., 2004)
Animals and experimental design:
Twenty five male, healthy, New Zealand rabbits, aged between 5 and 6weeks, weighing
between 1 and 1.2 kg were used. The rabbits
were caged in flat deck wire cages, fitted with
nipple drinkers and feeders. Rabbits were randomly assigned to treatments, five per cage.
Animals had free access to feed and water. The
animals were divided into 2 groups. Group 1
(10 rabbits) was fed a crushed pellets diet for 4
successive weeks and designed as control
group. Rabbits in the Group 2 (15 rabbits)
were fed a crushed pellets diet containing Aflatoxin B1, with concentration of 60.0 µg / Kg
for 4 successive weeks (affected group).
All the care and experimental procedures involving animals were followed according to
the guidelines stated in the Guide for the Care
and Use of Laboratory Animals.
Blood samples:
At the end of the experiment all rabbits were
slaughtered and blood samples were collected
from each rabbit of both groups in clean dry
tubes. Serum was then separated by centrifugation of blood at 3000 rpm for 20 minutes and
used for biochemical analysis.
Biochemical analysis:
Serum malondialdehyde (MDA) and reduced
glutathione (GSH) concentrations were performed according to Albro et al., (1986) and
Chanarin, (1989) respectively Superoxide dismutase (SOD) activity assayed after Masayasu and Hiroshi, (1979).
Serum samples were subjected to determination of aspartate aminotransferase (AST) and
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alanine aminotransferase (ALT) activities according to Reitman and Frankel, (1957), γglutamyltransferase (γ GT) activity according
to Persijn, and Vander, (1976),
Serum creatinine concentration was measured
by the method adopted by Bowers and Wong,
(1980). Serum urea level was estimated according to Fawcett and Scott, (1960). Determining serum uric acid concentration was performed by the assay of Fossati et al. (1980).
Triglycerides concentration was measured according to the method described by Fassati
and Prencipe, (1982), Cholesterol level was
estimated according to Allain et al., (1974),
high density lipoprotein (HDL), and low density
lipoprotein (LDL) were determined according
to Friedewald et al., (1972). Further, atherogenic index (AI) was determined by using a
method explained by Bahramikia and Yazdanparast, (2008) as AI = LDL/HDL
Rabbit meat samples (a part of the hind leg)
were dissected from the fat surface, and the
lean part was then finely minced and subjected
to chemical analysis for moisture, protein, fat,
ash, calcium, phosphorus, sodium, potassium
and lipid profile (cholesterol, HDL& LDL).
Meat portions were homogenized according to
Combs, (1987). The tissue homogenates were
used for determination of MDA, GSH concentration and (SOD) activity as serum. The protein content was measured in tissue homogenate according to Lowry et al. (1951).
Proximate composition of rabbit meat was determined according to the procedures of
AOAC, (2005). Moisture content of meat samples was determined by oven drying 2 g of
meat at 105°C for 4 hours until a constant
weight results. Crude protein was determined
by using kjedahl method including, digestion
distillation, and titration of the distillate. Crude
protein value was obtained by converting nitrogen (N %) content obtained with a constant
(6.25), thus crude protein was obtained as
(6.25 x N %). Fat from meat samples was determined with Soxhlet extraction method using
petroleum ether. Ash content was obtained by
igniting 2 g of meat samples in a muffle fur-
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nace set at 550°C for 4-6 h.
Meat lipids were extracted according protocol
of Folch et al., (1957) then, meat lipid profile
(cholesterol, HDL& LDL) carried out as serum.
Meat Content of calcium (Ca), phosphorus (P)
sodium (Na), and potassium (K), in thigh muscle were studied after dry mineralization. Calcium concentration was determined according
to Barnett (1965). Inorganic phosphorus concentration was determined according to Daly
and Ertingshausen (1972). Sodium concentration was measured according to Henry et
al., (1974). Potassium concentration was measured as described by Hillman et al., (1967).
Statistical analysis:
Data were presented as mean ± standard error
(SE) and the significance of differences was
evaluated by one way analysis of variance
(ANOVA) using The Statistical Package for
the Social Sciences PC statistical program
(SPSS 14, 2006).
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and VLDL/HDL% concentrations in serum of
rabbits fed ration contained aflatoxin B1 were
significantly higher than control. On the other
hand, serum SOD activity, GSH, cholesterol,
HDL and LDL concentrations in the rabbits
fed ration containing aflatoxin B1 were significantly decreased compared with control.
Meat chemical constituents:
Chemical analysis of meat showed that SOD
activity, GSH content, total protein%, fat%,
ash%, triglycerides, cholesterol, Ca, P, Na, and
K concentrations in the meat of affected rabbits were significantly decreased comparing
with that of control, While MDA, concentration and moisture%, were significantly higher
than that of control (tables 1, 4& 5).
Aflatoxin B1 in rabbit Meat:
Table (6), represents that level aflatoxin B1
residues in meat of affected rabbits was 3.2
ppb. No detectable levels of aflatoxin B1 in
control rabbits were recorded.

Results
Serum biochemical changes:
As shown in tables (1, 2& 3), AST, ALT and γ
GT, activities, creatinine, urea, uric acid,
MDA, triglycerides, VLDL, AI (LDL/HDL%)
Table (1). Serum and Meat antioxidant profile in control and affected (fed aflatoxin B1 contaminated ration)
rabbits, (Mean ± SE).

Tissue
Group

Serum (nmol/ml) @ , (µmol/ml) $ , (U/ml) #

Meat (nmol/mg protein) @,
(µmol/mg protein) $ , (U/mg protein) #

Control rabbits

Affected rabbits

Control rabbits

Affected rabbits

MDA@

1.3 ± 0.06

3.42 ± 0.16 ⃰

1.24 ± 0.08

4.52 ± 0.22 ⃰

GSH $

17.84 ± 0.47

12.9 ± 0.51*

16.6 ± 0.25

12.2 ± 0.8*

SOD #

133.0 ± 0.95

92.6 ± 3.63 ⃰

143.2 ± 1.53

88.0 ± 3.03 ⃰

Parameter

* Significant difference against control at p ≤ 0.05.
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Table (2). Serum biochemical parameters in control and affected (fed aflatoxin B1 contaminated ration) rabbits, (Mean ± SE).
Group

Control rabbits

Affected rabbits

AST (U/L)

19.2 ± 0.8

68.4 ± 2.15*

ALT (U/L)

12.6 ± 0.98

27.4 ± 0.87*

γ GT (U/L)

10.4 ± 1.17

20.0 ± 0.63*

Creatinine (mg/dl)

0.98 ± 0.09

1.52 ± 0.06*

Urea (mg/dl)

18.94 ± 1.17

44.0 ± 0.71*

Uric acid (mg/dl)

2.44 ± 0.26

3.86 ± 0.18*

Parameter

* Significant difference against control at p ≤ 0.05.

Table (3). Serum lipid profiles in control and affected (fed aflatoxin B1 contaminated ration) rabbits, (Mean ±
SE).
Group

Control rabbits

Affected rabbits

Triglycerides (mg/dl)

91.0 ± 1.87

101.8 ± 1.2*

Cholesterol (mg/dl)

125.2 ± 1.43

92.0 ± 0.95*

HDL (mg/dl)

47.0 ± 0.63

26.6 ± 1.07*

LDL (mg/dl)

60.0 ± 1.14

45.0 ± 0.84*

VLDL (mg/dl)

18.2 ± 0.49

20.4 ± 0.68*

AI (LDL / HDL %)

1.28 ±0.021

1.7 ±0.082*

VLDL / HDL%

0.387 ± 0.01

0.775 ± 0.05*

Parameter

* Significant difference against control at p ≤ 0.05.

Table (4). Meat chemical constituents in control and affected (fed aflatoxin B1 contaminated ration) rabbits,
(Mean ± SE).
Group

Control rabbits

Affected rabbits

22.52 ± 0.26

20.9 ± 0.28 ⃰

Total fat %

3.6 ± 0.15

2.74 ± 0.14*

Moisture %

71.9 ± 0.43

74.34 ± 0.46*

Ash %

1.18 ± 0.037

0.92 ± 0.026*

Triglycerides (mg/100g)

81.2 ± 0.80

72.6 ± 1.08 *

Cholesterol (mg/100g)

56.72 ± 1.51

37.68 ± 0.85*

Parameter
Total protein %

* Significant difference against control at p ≤ 0.05.
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Table (5). Meat mineral profiles concentrations in control and affected (fed aflatoxin B1 contaminated ration)
rabbits, (Mean ± SE).
Group

Control rabbits

Affected rabbits

1180.0 ± 37.42

920.0 ± 25.5*

Calcium (mg/100g)

18.78 ± 0.3

16.41 ± 0.42 ⃰

Phosphorus (mg/100g)

314.6 ± 7.43

262.6 ± 3.9 ⃰

Sodium (mg/100g)

60.3 ± 0.41

55.4 ± 0.8*

Potassium (mg/100g)

398.4 ± 9.26

366.4 ± 6.88 ⃰

Total Ca, P, Na& K(mg/100g)

792.08 ± 8.42

700.81 ± 9.43*

Total Ca, P, Na& K/Ash %

67.32 ± 1.5

76.3 ± 1.24*

Other (trace) Elements %

32.68 ± 1.5

23.7 ± 1.24*

Parameter
Ash (mg/100g)

* Significant difference against control at p ≤ 0.05.

Table (6). Meat Aflatoxin B1 residues in the control and affected (fed aflatoxin B1 contaminated ration) rabbit, (Mean ± SE).
Group
Parameter
Aflatoxin B1 (ppb).

Control rabbits

Affected rabbits

Not detected

3.2 ± 0.4

(SOD) activity showed a significant reduction
in AF fed group compared with control (table
1). Such results are consistent with the findings
of Zhang et al., (2017) and Al-Afifi et al.,
(2018) in broilers. Also, Sharmila et al.,
(2009), reported a marked increase in lipid peroxide levels and a concomitant decrease in
enzymatic (SOD, CAT, GPx, glutathione reductase and glutathione-S-transferase) and non
-enzymatic (reduced glutathione, vitamin C
and vitamin E) antioxidants in the hepatic tissue of AFB1-administered rats. Additionally,
Feeding rats a diet containing 40 μgkg−1
AFB1 significantly increased thiobarbituric
acid-reactive substance and decreased glutathione (GSH) concentration, superoxide dismutase, glutathione peroxidase and glutathione
S-transferase activities (Rotimi et al., 2016).
Ingested AFB1 is metabolized by liver cytochrome P450 (CYP450) enzymes into AFB1-8,
9-epoxide intermediate (Kensler et al., 2011).
It had been reported that the toxic effect of
AFB1 could be related to the generation of re-

Discussion
Aflatoxins are secondary toxic fungal metabolites produced by toxigenic strains of Aspergillus species. They are toxic to a wide variety of
animals (Benneti and Klish, 2003). Rabbits
are one of the most sensitive animals for AF
(Guerre et al., 1996).
The observed Clinical signs in AF-fed rabbits
were decreased food and water consumption,
dullness, dehydration, emaciation, and finally
death in agree with that reported by Çam et al.,
(2008).
Effects of aflatoxin toxicity on rabbits serum
biochemical parameters:
Nutrition, environment and toxins are involved
in the occurrence of oxidative damage
(Shehata and Yosef, 2010).
In the present study there was a significant increase in lipid peroxidation product;
malondialdehyde (MDA) in the serum of AF
intoxicated rabbits. While, glutathione (GSH)
concentration, and superoxide dismutase
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active oxygen species (ROS) (Costa et al.,
2007); mainly superoxide (O2-), hydrogen peroxide (H2O2), and hydroxyl (OH.)(Mehrzad et
al., 2011).
The antioxidative enzymes, SOD, CAT and
glutathione peroxidase (GPx) constitute the
endogenous enzymatic line of defense against
ROS (Laguerre et al., 2007). GSH protects
tissues from AFB1 oxidative damage or acts as
a cofactor for enzymatic detoxification of aflatoxin (Rotimi et al., 2016).
Production of free radicals has been referred to
as a possible contributor to AFB1-induced
hepatotoxicity (Costa et al., 2007).
In AF group, serum liver enzymes activities
(ALT, AST& γGT), kidney function markers
(creatinine, urea & uric acid concentration)
were significantly elevated than control levels
(table 2). The aflatoxin effects on biochemical
alterations in this study are in consistent with
Çam et al., (2008); They recorded a significant
increase in serum AST, ALT and γGT activities and urea concentration in rabbits given AF
at a dose of 0.4 mg/kg. Furthermore, Brinda et
al., (2013) found that intraperitoneal administration of AFB1 (1.5 mg kg−1 body weight) to
rats significantly elevated levels of AST, ALT
enzymes and urea level compared with control
group, indicating hepatic damage.
The Increased serum AST, ALT and γGT activities are due to hepatocellular destruction
and cholestasis that are frequently observed in
aflatoxicosis in rabbits (Soliman et al., 2001
and Yoesef et al., 2003).
Renal dysfunction is one of the pronounced
effects of aflatoxin, which is known to be associated with increased levels of urea and
creatinine. The increased urea level might be
attributed to either the impaired glomerular
filtration due to damage of renal tissues
(Tessari et al., 2006) or to dehydration (Çam
et al., 2008). The increase of uric acid levels in
aflatoxin B1 affected rabbits could be resulted
from liver damage induced by aflatoxin
(Carlson et al., 2001).
The obtained results in table (3) revealed that
serum cholesterol, HDL and LDL concentra-
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tions, in the rabbits fed ration containing aflatoxin B1 were significantly decreased compared with control but, triglycerides, VLDL
concentrations, AI(LDL/HDL%) and VLDL/
HDL% were significantly higher than control.
The decreased levels of serum triglycerides
and cholesterol concentrations in affected rabbits is concomitant with that recorded by Çam
et al., (2008); They recorded A significant decrease in total cholesterol levels in rabbits
given AF at a dose of 0.4 mg/kg. Also, Brinda
et al., (2013), reported that intraperitoneal administration of AFB1 (1.5 mg kg−1 body
weight) to rats significantly increased the levels of VLDL and LDL compared with control
group. The effects of AF on serum cholesterol
and triglyceride levels suggest that lipid metabolism and transport were disrupted due to
hepatic damage induced by AF being the main
organ affected by aflatoxin (Adilah and Redzwan, 2017).
Elevated levels of LDL (low density lipoprotein) and declined levels in HDL (high density
lipoprotein) are important risk factors for coronary heart disease (CHD). An increase in HDL
is associated with decrease in coronary risk
(Asdaq, 2015). LDL is attributed to deposition
of cholesterol in the arteries and aorta culminating in coronary heart diseases (De Graaf et
al., 2002). Ulbricht and Southgate (1991)
suggest that the atherogenic index (AI) is a
more suitable measure of the atherogenicity of
foods than the ratio of polyunsaturated fatty
acids (PUFA) to saturated fatty acids (P/S ratio).
Effects of aflatoxin toxicity on rabbits meat
biochemical parameters and chemical constituents:
The main components of meat, excluding water, are proteins and lipids. Rabbit meat is a
lean meat rich in proteins of a high biological
value as it is characterized by high levels of
essential aminoacids (Dalle Zotte, 2004), with
low cholesterol and low lipids content that rich
with unsaturated fatty acids(noticeable quantities of linolenic fatty acid; C18:3 ω3). Also, it
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displays a low content of sodium and a high
content of calcium and phosphorus than other
meats (Hernández and Gondret, 2006 and
Williams, 2007).
In the present study, meat SOD activity, GSH
content, total protein%, fat%, ash%, triglycerides and cholesterol concentrations were significantly decreased in AF fed rabbits than
control levels. While MDA concentration and
moisture%, were significantly higher than that
of control (tables 1, 4 & 5).
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Data presented in table (5) demonstrated that
individual Ca, P, Na, & K, total Ca, P, Na& K
and other (trace) elements % concentrations in
the meat of affected rabbits were significantly
decreased comparing with that of control but,
ratio of the total Ca, P, Na& K/Ash % was significantly higher than control. Reduction of
calcium, and phosphorus levels were observed
in broilers fed AF-contaminated diet (Chen et
al., 2014a and Al-Afifi et al., 2018). The hypocalcaemia and hypophosphatemia observed in
the aflatoxin B1 fed rabbits may be due to defective intestinal absorption or impaired renal
function (Gill et al., 1988 and Chen et al.,
2014b). The decreased Ca and P concentration
in our study may be also attributed to the direct
or indirect effects of aflatoxin on Ca and phosphorous metabolisms, and may be related to
altered vitamin D and parathyroid hormone
(PTH) metabolism (Glahn et al., 1991 and Kececi et al., 1998). The hypokalaemia in the affected rabbits might result from impaired active reabsorption of potassium in renal tubules
(Gill et al., l989).
Residues of aflatoxins and their metabolites
may be present in meat, dairy products and
eggs and other products of animals fed rations
contaminated with aflatoxins (Hussain et al.,
2010) and potentially result in health problems
in human (Pandey and Chauhan, 2007 and
Denli et al., 2009). In many countries, the
maximum tolerance level of AFB1 in human
food products is 2µg/kg (Zhang et al., 2017).
As shown in table (6), AF residues were detected in meat of AF group (3.2 ppb). These
results appear to go parallel with that obtained
by Al-Afifi et al., (2018) they detected AF residues in both liver and muscles tissues in AF
fed broilers (250ppb/kg diet) for 6 weeks with
higher concentrations in liver (3.4 ppb) than
muscles (2.6 ppb).
From the above mentioned results, it is obvious
that aflatoxin contaminated ration not only affect on rabbit meat quality and its nutritional
value but also represents a potential human
health hazard due to dissemination of aflatoxin
residues in the produced meat.

Lipid oxidation represents one of the most important
causes of deterioration of meat and meat products and it
affects unsaturated fatty acids, particularly PUFA in
membrane phospholipids, and cholesterol; mainly LDL
cholesterol. The end-products of this process deteriorate
color, aroma, flavor, texture of meat and meat products
consequently, reduce their nutritive value (Gray et al.,
1996).

Additionally, lipid oxidation in foods generates
end-products which may be harmful to human
health. Compounds such as malondialdehyde
and cholesterol oxidation products are reported
to have cytotoxic and genotoxic potential and
have been linked to the promotion of atherosclerosis, cardiovascular disease, and cancer
(Kanner, 2007; Muselík et al., 2007 and
Soyer et al., 2010).
Meat contains several natural antioxidants such
as superoxide dismutase, glutathione peroxidase (GSH-Px) and catalase, (Pradhan et al.,
2000). These endogenous antioxidant enzymes
could potentially delay the onset of oxidative
rancidity in meat (Hernández et al., 2002)
through, detoxification of ROS (Laguerre et
al., 2007).
The decreased total protein level in this study
might be due to impairment of protein synthesis by the inhibitory effect of AF on DNA and
RNA synthesis (Rosa et al., 2001 and Bennett
and Klich, 2003).
Juiciness depends much on the fat content of
the carcass; the fatter the carcass the lower its
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contents.
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Conclusion
In the present study, Aflatoxin B1 showed adverse impacts on organs functions, serum parameters and meat chemical constituents of
rabbits. Aflatoxin B1 residues appeared in the
meat of rabbits fed aflatoxin B1 contaminated
rations. So, it is advisable to apply suitable
measures to control the aflatoxins contamination in feeding stuffs of rabbit ration and supplying the rabbits with aflatoxin free ration to
avoid their hazard effects on rabbit's performance and human health and to obtain healthy
rabbit meat of high quality and nutritive value.
References
Adilah, Z.N. and Redzwan, S.M. (2017).
Effect of dietary macronutrients on aflatoxicosis: amini-review. J. Sci. Food Agric., 97:
2277-2281.
Al-Afifi, SH. H.; Abd El-Fadeel, M.I. and
Bayomi, A.S.A. (2018). Biochemical Effects
of Probiotic (Biological Product) and Hydrated Sodium Calcium Alimono-Silicate
"HSCAS"(Chemical Compound) as AntiAflatoxin in Chicken Rations. Animal Health
Research Journal, 6(1): 19-38.
Albro, P.W.; Corbett, J.T. and Schroder,
J.L. (1986). Application of the thiobarbituric
assay to the measurement of lipid peroxidation products in microsomes. J. Biochem.
Biophys. Methods, 13(3): 185-194.
Allain, C.C.; Poon, L.S.; Chan, C.S.; Richmond, W. and Fu, P.C. (1974). Enzymatic
determination of total serum cholesterol.
Clin. Chem., 20: 470-475.
AOAC (Association of Official Analytical
Chemists) (2005). Official Methods of
Analysis, Association of Official Analytical
Chemists. 13th Ed., Washington, DC, Pp: 957.
Arihara, K. (2006). Strategies for designing
novel functional meat products. Meat Science, 74: 219-229.
Asdaq, S.M.B. (2015). Antioxidant and
Hypolipidemic Potential of Aged Garlic Extract and Its Constituent, S-Allyl Cysteine, in
Rats. Evidence-Based Complementary and
Alternative Medicine Volume 2015, Article

25

Animal Health Research Journal Vol. 7, No. 2, June 2019

Chanarin, I. (1989). Textbook of laboratory
haematology: An Account of laboratory techniques. Churchill Livingstone, New York, Pp:
107-109.
Chen, K.J.; Fang, J.; Peng, X.; Cui, H.M.;
Chen, J.; Wang, F.Y.; Chen, Z.L.; Zuo,
Z.C.; Deng, J.L. and Lai, W.M. (2014a).
Effect of selenium supplementation on aflatoxin B1–induced histopathological lesions
and apoptosis in bursa of Fabricius in broiler.
Food Chem. Toxicol., 74: 91-97.
Chen, X.; Horn, N. and Applegate, T.J.
(2014b). Efficiency of hydrated sodium calcium aluminosilicate to ameliorate the adverse effects of graded levels of aflatoxin B1
in broiler chicks. Poult. Sci., 93: 2037-2047.
Combs, G.F. Jr. (1987). Factors affecting the
bioavailability of dietary selenium in the
chick, In: Combs, J.; Gerald, F.; Orville, A.
L.; Julian, F. Spallhol, Z. and James, E.
(Eds.): Selenium in biology and medicine.
Part B. AVI- New York, Pp: 413- 418.
Combes, S. (2004). Valeur nutritionnelle de la
viande de lapin. INRA Productions Animals,
17: 373-383.
Costa, S.; Utan, A.; Speroni, E.; Cervellati,
R.; Piva, G.; Prandini, A. and Guerra, M.
C. (2007). Carnosic acid from rosemary extracts: a potential chemoprotective agent
against aflatoxin B1. An in vitro study. J
Appl. Toxicol., 27(2): 152-159.
Dalle Zotte, A. (2002). Perception of rabbit
meat quality and major factors influencing
the rabbit carcass and meat quality. Livestock
Production Science, 75: 11-32.
Dalle Zotte, A. (2004). Dietary advantages:
rabbit must tame consumers. Viandes et Produits Carnés, 23: 161-167.
Dalle Zotte, A. and Szendrő, Zs. (2011). The
role of rabbit meat as functional food. Meat
Science, 88: 319-331.
Daly, J.A. and Ertingshausen, G. (1972).
Direct method for determining inorganic
phosphate in serum with the "CentrifiChem".
Clin. Chem., 18 (3): 263-265.
De Graaf, J.; De Sauvage Nolting, P.R.W.;
Van Dam, M.; Belsey, E.M.; Kastelein,

pp. 16-30

J.J.; Pritchard, P.H. and Stalenhoef, A.F.
(2002). Consumption of tall oil-derived phytosterols in a chocolate matrix significantly
decreases plasma total and low-density lipoprotein-cholesterol levels, British Journal of
Nutrition. 88, (5): 479-488.
Denli, M.; Blandon, J.C.; Guynot, M.E.;
Salado, S. and Perez, J.F. (2009). Effects of
dietary AflaDetox on performance, serum
biochemistry, histopathological changes, and
aflatoxin residues in broilers exposed to aflatoxin B1. Poultry Science, 88: 1444-1451.
Dixon, J.B.; Kannewischer, I.; Tenorio Arvide, M.G. and Barrientos Velazquez, A.L.
(2008). Aflatoxin sequestration in animal
feeds by quality-labeled smectite clays: An
introductory plan. Applied Clay Science, 40:
201-208.
Enser, M.; Hallet, K.; Hewitt, B.; Fursey,
G.A.J. and Wood, J.D. (1996). Fatty acid
content and composition of English beef,
lamb and pork at retail. Meat Science, 4: 443
-456.
FAOSTAT (Food and Agriculture Organization of the United Nations). (2010).
FAOSTAT Agriculture Data. http://faostat.
fao. org/Default.aspx#ancor. Access: Production / Livestock Primary.
FAOSTAT (Food and Agriculture Organization of the United Nations). (2012).
FAOSTAT Agriculture Data. http://faostat.
fao. org/site/569/DesktopDefault.aspx. Page
ID =569 #ancor. Access: Production / Livestock Primary.
Fawcett, J.K. and Scott, J.E. (1960). A rapid
and precise method for the determination of
urea. J. Clin. Path., 13 (2): 156-159.
Fiala, N. (2008). Meeting the demand: an estimation of potential future greenhouse gas
emissions from meat production. Ecological
Economics, 67: 412-419.
Folch, J.; Lees, M. and Stanley, G.H.S.
(1957). A simple method for the isolation and
purification of total lipides from animal tissues. J Biol. Chem., 226(1): 497-50.
Fossati, P. and Prencipe, L. (1982). Serum
triglycerides determined colorimetrically

26

Animal Health Research Journal Vol. 6, No. 2, June 2018

with an enzyme that produces hydrogen peroxide, Clinical Chemistry, 28 (10): 20772080.
Fossati, P.; Prencipe, L. and Berti, G.
(1980). Use of 3, 5-dichloro-2-hydroxybenzene-sulfonic
acid/4-aminophen-azone
chromogenic system in direct enzymatic assay of uric acid in serum and urine. Clin.
Chem., 26: 227-231.
Friedewald, W.T.; Levy, R.I. and
Fredrickson, D.S. (1972). Estimation of the
concentration of low-density lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge, Clinical Chemistry, 18
(6): 499-502.
Gill, T.S.; Jagdish, C.P. and Jaishree, P.
(1988). Gill, liver and kidney lesions associated with experimental exposure to carbaryl
and dimethoate in fish, Puntius conchonius
(HAM.). Bull. Environ. Contam. Toxicol.,
41: 71-78.
Gill, T.S.; Pant, J.C. and Tiwari, H. (1989).
Cadmium nephropathy in freshwater fish
Puntius conchonius (HAM.). Ecotox. Environ. Safe, 18: 165-172.
Glahn, R.P.; K.W. Beers; W.G. Bottje; R.F.
Widerman; W.E. Huff and W. Thomas
(1991). Aflatoxicosis alters avian renal function, calcium, and vitamin D metabolism. J.
Toxicol. Environ. Health, 34: 309-321.
Gray, J.I.; Gomaa, E.A. and Buckley, D.J.
(1996). Oxidative quality and shelf-life of
meats. Meat Science, 43: 111-123.
Guerre, P.; Eeckhoutte, C.; Larrieu, G.;
Burga, T. G. and Galtier, P. (1996). Doserelated effect of aflatoxin B1 on liver drug
metabolizing enzymes in rabbit. Toxicology,
108: 39.
Henry, R.F.; Cannon, D.C. and Winkelman,
J.W. (1974). Clinical Chemistry Principles
and Techniques. 2nd Ed. Harper and Roe,
Hagerstown, M.D.
Hermida, M.; Gonzalez, M.; Miranda, M.
and Rodriguez-Otero, J.L. (2006). Mineral
analysis in rabbit meat from Galicia (NW
Spain). Meat Science, 73: 635–639.
Hernández, P. (2007). Carne de conejo, ideal

Al-Afifi and Saudi

para dietas bajas en ácido úrico. Revista
científica de nutrición. Nº 8 Septiembre.
nBoletín de cunicultura, 154: 33-36.
Hernández, P. (2008). Enhancement of Nutritional Quality and Safety in Rabbit Meat. 9 th
World Rabbit Congress, June, 10-13, 2008,
Verona, Italy, Pp: 1287-1300.
Hernández, P. and Dalle Zotte, A. (2010).
Influence of diet on rabbit meat quality. In:
Nutrition of the rabbit. Edited by de Blas, C.,
Univesidad Poletenica, Madrid, J. Wiseman,
University of Nottingham, UK, 2nd ed., ISBN
-13:978 1 84593 669 3, Pp: 163-178.
Hernández, P. and Gondret, F. (2006). Rabbit Meat Quality. In: Maertens, L. and Coudert, P. (Eds.). Recent Advances in Rabbit
Sciences. ILVO, Merelbeke, Belgium, Pp:
269-290.
Hernández, P.; López, A.; Marco, M. and
Blasco, A. (2002). Influence of muscle type,
refrigeration storage and genetic line on antioxidant enzyme activity in rabbit meat.
World Rabbit Sci., 10: 139-144.
Hillman, G.; Beyer, G. and Klin, Z. (1967).
Determination of potassium concentration.
Chem. Clinic. Biochem., 5: 93.
Hoffman, L.C.; Nkhabutlane, P.; De
Schutte, W. and Vosloo, C. (2004). Factors
affecting the purchasing of rabbit meat: A
study of ethnic groups in the Western Cape.
J. Family Ecol. Consumer Sci., 32: 26-35.
Hu, F.B. and Willett, W.C. (2002). Optimal
diets for prevention of coronary heart disease. Journal of the American Medical Association, 288: 2569-2578.
Hussain, Z.; Khan, A.; Khan, M.Z.; Javed,
I.; Saleemi, M.K.; Mahmood, S. and Asi,
M.R. (2010). Residues of aflatoxin B1 in
broiler meat: Effect of age and dietary aflatoxin B1 levels. Food Chem. Toxicol., 48:
3304-3307.
IARC (International Agency for Research
on Cancer) (2002). Some Traditional Herbal
Medicines, Some Mycotoxins, Naphthalene
and Styrene, Vol. 82 of IARC Monographs
on the Evaluation of Carcinogenic Risks to
Humans. IARC/WHO, Geneva, Pp: 171-300.

27

Animal Health Research Journal Vol. 7, No. 2, June 2019

Kanner, J. (2007). Dietary advanced lipid oxidation end products are risk factors to human
health. Molecular Nutrition and Food Research, 51: 1094-1101.
Karakilcik, A.Z.; Zerin, M.; Arsian, O.;
Nazligu, Y. and Vural, H. (2004). Effects of
vitamin C and Eon liver enzymes and biochemical parameters of rabbits exposed to
aflatoxin B1.Vet. Hum. Toxicol., 46(4): 190192.
Kececi, T.; Oguz, H.; Kurtoglu, V. and Demet, O. (1998). Effects of polyvinyl poly
pyrrolidone, synthetic zeolite and bentonite
on serum biochemical and hematological
characters of broiler chickens during aflatoxincosis. Br. Poult. Sci., 39: 452-458.
Kensler, T.W.; Roebuck, B.D.; Wogan, G.N.
and Groopman, J.D. (2011). Aflatoxin: a 50
-year odyssey of mechanistic and translational toxicology. Toxicol Sci., 120(Suppl.1):
S28-S48.
Krishna, L.; Dawra, R.K.; Vaid, J. and
Gupta, V.K. (1991). An outbreak of aflatoxicosis in angora rabbits. Vet. Hum. Toxicol.,
33: 159.
Laguerre, M.; Lecomte, J. and Villeneuve,
P. (2007). Evaluation of the ability of antioxidant to counteract lipid oxidation: existing
methods, new trends and challenges. Progress in Lipid Research, 46: 244-282.
Lakkawar, A. W.; Chattopadhyay, S.K. and
Johri, T.S. (2004). Experimental aflatoxin
B1 toxicosis in young rabbits: a clinical and
patho-anatomical study. Slovenian Veterinary
Research, 41: 73-81.
Larsen, C.S. (2003). Animal source foods and
human health during evolution. The Journal
of Nutrition, 133: 38935-38975.
Lowry, O.H.; Rosebrough, N.J.; Farr, A.L.
and Randall, R.J. (1951). Protein measurement with the Folin Phenol Reagent. J. Biol.
Chem., 193: 269-275.
Marai, I.F.M. and Asker, A.A. (2008). Aflatoxins. In: Rabbit Production: Hazards and
Control, Tropical and Subtropical Agroecosystems, 8: 1-28.
Masayasu, M. and Hiroshi, Y. (1979). A sim-

pp. 16-30

plified assay method of superoxide dismutase
activity for clinical use. Clinica Chimica
Acta, 29 (3): 337-342.
Mehrzad, J.; Klein, G.; Kamphues, J.; Wolf,
P.; Grabowski, N. and Schuberth, H.J.
(2011). In vitro effects of very low levels of
aflatoxin B1 on free radicals production and
bactericidal activity of bovine blood neutrophils. Vet. Immunol. Immunopathol., 141: 16
-25.
Mohd-Redzwan, S.; Jamaluddin, R.; AbdMutalib, M.S. and Ahmad, Z.A. (2013).
Mini review on aflatoxin exposure in Malaysia: past, present and future. Front Microbiol., 4: 334.
Murshed, H.M.; Shishir, S.R.; Rahman,
S.M.E. and Oh, D. (2014). Comparison of
carcass and meat characteristics between
male and female indigenous rabbit of Bangladesh. Bang. J. Anim. Sci., 43 (2): 154-158.
Muselík, J.; García-Alonso, M.; MartínLópez, M.P.; Ţemlička, M. and RivasGonzalo, J.C. (2007). Measurement of antioxidant activity of wine catechins, procyanidins, anthocyanins and pyranoanthocyanins.
International Journal of Molecular Sciences,
8: 797-809.
Olmedilla-Alonso, B.; Jiménez-Colmenero,
F. and Sánchez-Muniz, F.J. (2013). Development and assessment of healthy properties
of meat and meat products designed as functional foods. Meat Science, 95: 919-930.
Pandey, I. and Chauhan, S.S. (2007). Studies
on production performance and toxin residues in tissues and eggs of layer chickens fed
on diets with various concentrations of aflatoxin B1. British Journal of Poultry Science,
48: 713-723.
Para, P.A.; Ganguly, S.; Wakchaure, R.;
Sharma, R.; Mahajan, T. and Praveen, P.
K. (2015). Rabbit Meat has the Potential of
Being a Possible Alternative to Other Meats
as a Protein Source: A Brief Review. Int. J.
Phar. & Biomed. Res., 2 (5): 17-19.
Persijn, J.P. and Van der Slik, W. (1976). A
new method for the determination of γglutamyltransferase in serum. Clinical Chem28

Animal Health Research Journal Vol. 6, No. 2, June 2018

istry and Laboratory Medicine, 14(1-12): 421
-427.
Pradhan, A.A.; Rhee, K.S. and Hernández,
P. (2000). Stability of catalase and its potential role in lipid oxidation in meat. Meat Sci.,
54:385-390.
Reitman, S. and Frankel, S. (1957). A colorimetric method for the determination of serum
glutamic oxalacetic and glutamic pyruvic
transaminases. Amer. J. Clin. Path., 28: 56.
Romer, T.R. (1975). Screening method for the
detection of aflatoxins in mixed feeds and
other agricultural commodities with subsequent confirmation and quantitative measurement of aflatoxins in positive samples. J
Assoc. of Anal. Chem., 58: 500-506.
Rosa, C.A.; Miazzo, R.; Magnoli, C.; Salvano, M.; Chiacchiera, S. M.; Ferrero, S.;
Saenz, M.; Carvalho, E.C. and Dalcero, A.
(2001). Evaluation of the efficacy of bentonite from the south of Argentina to ameliorate the toxic effects of aflatoxin in broilers.
Poult. Sci., 80: 139.
Rotimi, O.A.; Rotimi, S.O.; Oluwafemi, F.;
Ademuyiwa, O. and Balogun, E.A. (2016).
Coexistence of aflatoxicosis with protein
malnutrition worsens hepatic oxidative damage in rats. J Biochem Mol Toxicol., 30: 269276.
Sabran, M.R.; Jamaluddin, R. and AbdulMutalib, M.S. (2012). Screening of aflatoxin
M1, a metabolite of aflatoxin B1 in human
urine samples in Malaysia: a preliminary
study. Food Control, 28: 55-58.
Sales, J. and Hayes, J.P. (1996). Proximate,
amino acid and mineral composition of ostrich meat. Food Chemistry, 56: 167-170.
Schönfeldt, H.C. and Gibson, N. (2008).
Changes in the nutrient quality of meat in an
obesity context. Meat Science, 80: 20-27.
Sharmila, B.G.; Kumar, G. and Murugesan,
A.G. (2009). Ethanolic leaves extract of Trianthema portulacastrum L. ameliorates aflatoxin B1 induced hepatic damage in rats. Indian J Clin Biochem., 24: 250-256.
Shehata, A.M. and Yousef, O.M. (2010).
Physiological studies on the risk factors re-

Al-Afifi and Saudi

sponsible for atherosclerosis in rats. Nat. and
Sci., 8(5): 144-151.
Shotwell,
O.L.;
Hesseltine,
C.W.;
Stubblefield, R.D. and Sorenson, W.G.
(1966). Production of aflatoxin on rice. Appl
Microbiol., 14: 425-428.
Soliman, K.M.; EL-Faramawy, A.A.; Zakaria, S.M. and Mekkawy, S.H. (2001).
Monitoring the preventive effect of hydrogen
peroxide and gamma-radiation of aflatoxicosis in growing rabbits and the effect of cooking on aflatoxin residues. Agric. Food
Chem., 49: 3291.
Soyer, A.; Özalp, B.; Dalmiş, Ü. and Bilgin,
V. (2010). Effects of freezing temperature
and duration of frozen storage on lipid and
protein oxidation in chicken meat. Food
Chemistry, 120: 1025-1030.
SPSS, 14 (2006). Statistical package for social
science, SPSS for windows release 14.0,
Standard version, SPSS Inc.
Steinfeld, H.; Gerber, P.; Wassenaar, T.;
Castel, V.; Rosales, M. and de Haan, C.
(2006). Livestock‘s long shadow: environmental issues and options. United Nations
Food and Agriculture Organization: Rome,
Pp: 1-408.
Strakova, E.; Suchy, P.; Vitula, F.and Večerek V. (2006). Differences in the amino
acid composition of muscles from pheasant
and broiler chickens. Archiv fur Tierzucht,
49: 508-514.
Strosnider, H.; Azziz-Baumgartner, E.;
Banziger, M.; Bhat, R.V.; Breiman, R.;
Brune, M.N. and Henry, S.H. (2006).
Workgroup report: public health strategies
for reducing aflatoxin exposure in developing
countries. Environ Health Perspect., 114(12):
1898-1903.
Suttle, N.F. (2010). Mineral Nutrition of Livestock. 4th ed. CAB International, Oxford
shire, UK, Pp: 1-527.
Tessari, E.N.; Oliveira, C.A.; Cardoso, A.L.;
Ledoux, D.R. and Rottinghaus, G.E.
(2006). Effects of aflatoxin B1 and fumonisin
B1 on body weight, antibody titers and histology of broiler chicks. Br. Poultry Sci., 47:

29

Animal Health Research Journal Vol. 7, No. 2, June 2019

357-364.
Truckess, M.W.; Stack, M.E.; Nesheim, S.;
Page, S.W.; Albert, R.H.; Hasen T.J. and
Donahue, K.F. (1991). Immunoafffinity column coupled with solution fluorometry or
liquid chromatography post column derivatization for determination of aflatoxins in corn,
peanuts and peanut butter: collaborative
study. Journal of the Association of the Official Analytical Chemistry, 74 (1): 81-88.
Ulbricht, T.L.V. and Southgate, D.A.T.
(1991). Coronary hearth disease: seven dietary factors. Lancet, 338: 985-992.
Van Egmond, H.P. (1989). Current situation
on the regulations for mycotoxins. Overview
of tolerances and status of standard method
of sampling and analysis. Food Addit Contam., 6: 139-188.
Verspecht, A.; Maertens, L.; Van Honacker,
F.; Tuyttens, F.A.M.; Van Huylenbroeck,
G. and Verbeke, W. (2011). Economic impact of decreasing stocking densities in
broiler rabbit production based on Belgian
farm data. World Rabbit Sci., 19: 123-132.
Williams, P.G. (2007). Nutritional composition of red meat. Nutr. Diet, 64 (Suppl. 4):
S113-S119.
Yoesef, M. I.; Salem, M. H.; Kamel, K. I.;
Hassan, G.A. and EL-Nouty, F.D. (2003).
Influence of ascorbic acid supplementation
on the haematological and clinical biochemistry parameters of male rabbits exposed to
aflatoxin B1. J. Environ. Sci. Heal. B., 38:
193.
Zhang, L.; Ma, Q.; Ma, S.; Zhang, J.; Jia,
R.; Ji, C.; and Zhao, L. (2017). Ameliorating Effects of Bacillus Subtilis ANSB060 on
Growth Performance, Antioxidant Functions,
and Aflatoxin Residues in Ducks Fed Diets
Contaminated with Aflatoxins. Toxins, 9:1.
Zhang, W.; Xiao, S.; Samaraweera, H.; Lee,
E. J. and Ahn, D. U. (2010). Improving
functional value of meat products. Meat Science, 86: 15-31.

30

pp. 16-30

