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ABSTRACT

Toxicity of Aflatoxin B1 (AFB1) alone and in combination with Ochratoxin A (OTA) was determined in quail chicks
(n=245) divided into seven groups. Feed provided to groups G1, G2 and G3 contained 1ppm OTA, 1.5ppm OTA and 2ppm
OTA in combination with 1ppm AFB1, respectively. Feed served to groups G4, G5 and G6 contained 1ppm AFB1, 1.5ppm
AFB1 and 2ppm AFB1 in combination with 1ppm OTA, respectively. Feed provided to group G7 was without any toxin
(control). Aspergillus flavus and Aspergillus ocharacius pure cultures were identified on the basis of colony characters and
microscopic morphology. The value of AFB1 determined was 1566ppb per two gram of rice biomass and 1440ppb for OTA
by HPLC. At day 14 and 21 TEC values were significantly (P<0.05) higher in control than birds reared on 1.5ppm (AFB1
and OTA) and combined toxins. Difference was more pronounced by increase in toxin level. The highest value of ESR was
observed in G6 which differed significantly (P<0.05) from birds in G7 and non-significantly with birds of G2 to G5. The
lowest value for packed cell volume was observed in G6 which differed significantly (P<0.05) from birds in G7.
Hemoglobin concentration (Hb) of quail chicks at days 14, 21 was lowest in birds of G6 which differed significantly
(P<0.05) from birds in G7.TLCwas significantly lower in groups fed on toxins than normal. The difference observed for
basophile, eosinophil, lymphocyte and monocyte counts were non-significant. Serum total proteins were significantly lower
in birds reared on feed having both AFB1 and OTA toxins. Serum Creatinine and Urea levels were raised significantly with
higher doses of toxins. Highest values were in birds on feed with combined toxins. Presence of higher level of mycotoxins in
feed of birds can change hematological and serum biochemical profiles. Birds may become prone to metabolic and non-
metabolic disorders.
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INTRODUCTION

Mycotoxins, secondary metabolites of fungi are
major threat to livestock and human beings. Food with
reasonable concentration of toxins is declared unfit for
human and animal consumption due to lethal effects
(Mobarak, 2007). Growth of poultry industry is hampered
owing to the immunosuppressant action of toxic fungal
metabolites. Approximately, 25 percent of the world’s food
crops are affected by mycotoxins. Aflatoxin, Ochratoxin
and Zearalenone have gained immense importance due to
carcinogenic, hepatotoxic, hemotoxic, immunotoxic,
neurotoxic, genotoxic and teratogenic biological activities
(Mobarak, 2007). Most of the Aspergillus and Penicillium
species contaminate legumes, grains, coffee, beer, dried
fruits, wine and meat. Under favorable growth conditions
these fungi can produce mycotoxins (Bayman et al., 2002).

Ochratoxin A (OTA) is considered most toxic and
widely distributed as compared to B and C subtypes.
Ochratoxins are powerful nephrotoxins, carcinogens,
teratogens and immunotoxins especially in rats and human
beings (Yenilmez et al., 2010). Aspergillus flavus and
Aspergillus parasiticus are two major fungi involved in the

production of aflatoxins (B1, B2, G1 and G2). Aflatoxin B1
(AFB1) is the most prevalent and potent cause of acute
toxicity in poultry birds. Decreased humoral immune
response to T-dependent antigens, suppression of
phagocytosis, higher mortality rates and poor response to
vaccines are common manifestations (Girish and Smith,
2008). AFB1 is considered the most potent hepatotoxic,
carcinogenic and immune suppressive biologically active
metabolite affecting animals (Sultana and Hanif, 2009).

Economic losses caused by the mycotoxins in
terms of reduced immunity, higher mortality lowered
weight gain are primarily due to consumption of feed
having mycotoxins. Present study was to evaluate the toxic
effects of OTA alone and in combination on hematological
and biochemical parameters in Japanese quail (Coturnix
japonica) under experimental conditions.

MATERIALS AND METHODS

Toxicity of mycotoxins in Japanese quails was
evaluated on the basis of hematological and biochemical
profiles under experimental conditions. Day old quail
chicks (n=245) were procured from Avian Research and
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Training Centre (ARTC), UVAS, Lahore. Chicks were
observed for acclimatization under same management and
housing conditions. Aspergillus flavus and Aspergillus
ocharacius procured from Microbiology Department,
UVAS, Lahore, were cultured on Saboraud’s Dextrose
Agar (SDA) for morphological identification (Ribeiroa et
al., 2011).

Confirmation of Aspergilli: A. flavus and A. ocharacius
were purified on SDA by sub culturing. Inoculated agar
plates were incubated at room temperature for one week.
Aspergilli were identified by microscopic and macroscopic
morphological characteristics. Genus was confirmed on the
basis of vesicle, metullae, type of hyphae and conidia.
Specie under the genus was identified by texture of colony,
deposition of color in the central portion and color on
maturation (Mohammadi et al., 2009).

Production of mycotoxins: Rice (50g) soaked in distilled
water (50ml) in Erlenmeyer flasks were autoclaved at
121ºC, 15psi for twenty minutes inoculated with spore
suspensions (106) of each fungi (Kuppusamy and
Kumutha, 2012). Inoculated rice cultures were placed on
shaker and left for 30 days. AFB1 were extracted by
grinding rice (25g) cultured with A. flavus in blended for
five minutes with methanol (100 ml) having 0.5 percent
potassium chloride (Reddy et al., 2009). Ochratoxin A
(OTA) was extracted from rice (25g) cultured with A.
ocharacius by acetonitrile (50 ml). The mixture was
shacked for two hours and filtered through Whatmann filter
paper (0.45µm) under sterile conditions. Quantity of AFB1
and OTA in extracted samples was determined by High
Performance Liquid Chromatography (HPLC) against
known toxin standards from Romer’s laboratory, following
the procedure described by Wei et al. (2011).

Biological trials: Japanese quail chicks were divided into
seven groups (n= 35, each). Feed offered to groups G1, G2
and G3 contained 1, 1.5 and 2 ppm OTA in combination
with 1ppm AFB1, respectively. Feed served to groups G4,
G5 and G6 contained 1, 1.5 and 2 ppm AFB1 in
combination with 1ppm OTA, respectively while group G7
(control) received basal feed only.

Assessment of toxicity: Toxicity of both toxins at different
levels alone and in combination was assessed on the basis
of hematology and serum biochemistry.

Hematology: Blood samples (2 ml each) were drawn at
days 14, 21 and 28 during the experiment from quails of all
groups in sterilized test tubes containing EDTA (1mg/ml).
Total leukocytes count (TLC), differential leukocytes
count (DLC), total erythrocytes count (TEC), hemoglobin
concentration, erythrocyte sedimentation rate (ESR) and
packed cell volume (PCV) were determined (Umar et al.,
2012).

Serum biochemistry: Blood samples (2 ml) collected in
sterilized disposable syringes without addition of anti-

coagulant on 14, 21 and 28th of experiment from all of the
quail birds were placed in slanting position at 4°C to
harvest sera in sterilized Eppendorf tubes. Serum samples
were used to estimate levels of total serum proteins (TSPs),
Creatinine and urea using commercially available kits
(Total serum proteins: Spectrum Diagnostics Egypt,
Catalog Number 31001; Creatinine: Linear Chemicals
Spain, Ref Number 1123005; Blood urea: Randox UK Ref
Number UR 107).

Data analysis: The data were analyzed by one way
analysis of variance (ANOVA) and Duncan’s multiple
range (DMR) test using SPSS computer statistical package
version 13.0 (P≤0.05).

RESULTS

Aspergillus flavus colony revealed was white in
color with cottony texture (1-2 days). On 3rd day yellowish
green color developed in the central portion with white
periphery and texture was woolly to cottony/granular. On
maturation, color of colony converted to dark green (Fig.
1a). Microscopically, dense mass of conidiophores having
vesicles with phialids over the entire surface were
observed. Initially Aspergillus ocharacius colony was
white which converted to yellowish brown color on
maturation (Fig. 1b). Microscopic characters noted were
radiate thin walled conidia, hyaline vesicle covered with
metulae and brownish conidiophores. Quantification of
Aflatoxin B1 (AFB1) and Ochratoxin A (OTA) carried out
by the assistance of Romer laboratory and values were
566ppb and 1440ppb per two gram of rice biomass,
respectively.

Biological trials: Blood and serum samples collected at
days 14, 21 and 28 from experimental and control groups
were analyzed for hematology and serum biochemistry
(tables 1, 2 and 3, respectively).

Hematological Analysis: At day 14 of experiment, birds in
G7 showed significantly (P<0.05) higher Total Erythrocyte
Count (TEC) than in birds of G6. On 21st day post
experiment, significantly higher TEC in birds of G7 was
observed than birds of G6, G5, G3 and G2 whereas non-
significantly with TEC of birds in G1 and G4. At day 28 of
experiment, significantly (P<0.05) higher TEC was
observed in birds of G7 than TEC in birds of G6 and G3.
Erythrocyte Sedimentation Rate (ESR) of quail chicks at
days 14, 21 and 28 post experiment was highest in G6
which differed significantly (P<0.05) from birds in G7 and
non-significantly with birds of G2 to G5. The lowest value
of Packed Cell Volume (PCV) on all sampling days was
observed in G6 which differed significantly (P<0.05) from
birds in G7. Almost same pattern was observed for
Hemoglobin concentration (Hb) as was of PCV. The values
of erythrocyte counts and packed cell volume were reduced
by the addition of the highest concentrationG of AFB1 to
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the basal diet. Hemoglobin concentrations of chicks fed
with AFB1 were lowered by increasing the level of toxin in
feed. RBC counts and hemoglobin levels showed
decreasing trend with increase in the level of OTA in

offered feed. TEC and hematocrit of quail chicks were
significantly reduced when AFB1 and OTA were fed in
combination.

Figure 1: Obverse view of fungal pure cultures a: Aspergillus ocharacius and b: Aspergillus flavus

Table 1: Hematology and serum biochemical profiles of quail chicks at 14thday of experiment

Groups G1 G2 G3 G4 G5 G6 G7
TEC ( x106/mm3) 3.76±.003b 3.75±.005b 3.74±.008c 3.75±.008b 3.65±.003e 3.72±.006d 3.79±.005a

TLC (x103/mm3 3.69±.005b 3.67±.012b 3.65±.005c 3.67±.006b 3.69±.005b 3.65±.005bc 3.70±.008a

Lymphocytes ( % ) 56.03±.020c 54.23±.008e 53.26±.006f 56.21±.016b 55.63±.011d 52.09±.005g 56.27±.008a

Heterophils( % ) 32.71±.020b 31.08±.008f 31.64±.003e 32.30±.057c 32.07±.011d 31.02±.006f 32.81±.005a

Basophil ( % ) 2.37±.005b 2.27±.006c 2.37±.008b 2.40±.057a 2.37±.008b 2.32±.008c 2.41±.005a

Eosinophil ( % ) 2.35±.003b 2.34±.008b 2.34±.005b 2.22±.005d 2.35±.005b 2.24±.005c 2.37±.005a

Monocyte ( % ) 5.63±.005a 5.53±.005b 5.63±.014a 5.43±.008d 5.47±.005c 5.46±.006c 5.64±.005a

PCV ( % ) 38.30±.57a 38.28±.008a 38.32±.005a 38.33±.088b 37.97±.008b 36.09±.005c 38.37±.005a

Hb (g/dl) 12.22±.012b 11.39±.005f 12.07±.005df 12.18±.088c 12.08±.006d 11.96±.008e 12.33±.005a

ESR (mm/hr) 3.55±.005a 3.49±.005c 3.43±.005d 3.52±.005b 3.48±.005c 3.49±.011c 3.56±.011a

TSP (g/dl) 2.79±.005b 2.77±.005b 2.75±.008c 2.77±.008bc 2.77±.006b 2.76±.005c 2.81±.008a

Urea (mg/dl) 5.43±.005c 5.42±.005c 5.47±.005bc 5.47±.008b 5.44±.005c 5.51±.008a 5.43±.015c

Creatinine (mg/dl) 0.36±.003c 0.33±.003d 0.39±.005b 0.33±.005d 0.36±.005c 0.41±.008a 0.32±.005d

Statistical means carrying same superscript differ non-significantly and with different superscript significantly

Total leukocyte counts (TLC) of quail chicks at
days 14, 21 and 28 of experiment in G7, showed
significantly (P<0.05) higher TLC than of G6 and G3. The
Basophile counts of quail chicks at days 14, 21 and 28 post
experiment in G7 differed non-significantly (P<0.05) with
G3 to G6. The Eosinophil counts of quail chicks on days
14, 21 and 28 of experiment in G7 showed non-
significantly (P<0.05) higher value than those of G3 and
G6. The Heterophil counts of birds at days 14, 21 and 28 of
experiment in G7 showed significantly (P<0.05) higher
values than in birds of G1 to G6. The lymphocyte counts of
quail chicks on days 14, 21 and 28 of experiment in G7
showed non-significantly (P<0.05) higher counts than of

G3 and G6. The monocyte counts of birds at days 14, 21
and 28 in G7 showed non-significantly (P<0.05) higher
values than birds of G3 and G6.

Serum Biochemistry: Serum total proteins of birds on
days 14 in groups G2 and G6 differed non-significantly
from the control (G7). At day 21 all groups except G1
differed non-significantly with G7. G6 had significantly
lower values from G7. At day 28 G2, G4 and G5 differed
non-significantly from G7 whereas significantly with G3,
G2 and G6.Serum Creatinine and Urea at day 14 in all
groups except G1 differed non-significantly from G7. G6
had significantly higher values from G7. At days 21, G3
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and G6 differed significantly from G7 and had significantly
higher values. At days 28, birds in groups G3, G2 and G6
differed significantly from G7 and had significantly higher
values. All other groups differed non-significantly with

G7. OTA administration to quail altered the concentration
of different serum biochemical parameters. Creatinine and
urea were significantly higher while total proteins were
significantly lower in the groups fed OTA.

Table 2: Hematology and serum biochemical profiles of quail chicks at 21st day of experiment.

Groups G1 G2 G3 G4 G5 G6 G7
TEC ( x106/mm3) 3.63±.005b 3.64±.005b 3.62±.006c 3.62±.005c 3.64±.006b 3.61±.005b 3.64±.008a

TLC (x103/mm3 3.68±.005c 3.70±.006b 3.69±.003c 3.71±.008a 3.71±.006a 3.68±.003c 3.72±.005a

Lymphocytes ( % ) 56.54±.008c 56.56±.006b 55.36±.010e 56.03±.005d 56.01±.005d 55.33±.005f 56.63±.008a

Heterophils( % ) 32.01±.008b 32.10±.115b 33.09±.007a 32.07±.007b 31.77±.006c 31.78±.011c 32.10±.057b

Basophil ( % ) 2.47±.005b 2.44.025c 2.49±.014b 2.50±.020a 2.46±.005c 2.46±.008c 2.51±.005a

Eosinophil ( % ) 2.39±.005b 2.37±.008b 2.36±.006c 2.43±.011a 2.36±.005c 2.36±.006c 2.41±.008a

Monocyte ( % ) 5.48±.005b 5.47±.008b 5.44±.005c 5.48±.005b 5.43±.005c 5.42±.008c 5.52±.012a

PCV ( % ) 38.17±.005b 38.17±.014b 37.07±.008d 38.21±.008a 37.97±.005c 37.04±.020d 38.23±.005a

Hb (g/dl) 12.07±.008e 12.12±.011d 12.83±.008a 12.19±.008b 12.08±.008e 11.85±.008f 12.16±.008c

ESR (mm/hr) 3.48±.005c 3.51±.006b 3.47±.008c 3.47±.008c 3.45±.005d 3.47±.008c 3.55±.006a

TSP (g/dl) 2.91±.008b 2.93±.005a 2.96±.030a 2.94±.011a 2.92±.005b 2.91±.008b 2.96±.006a

Urea (mg/dl) 4.83±.005d 4.85±.005d 4.88±.005b 4.83±.008c 4.82±.008d 4.92±.006a 4.82±.011d

Creatinine (mg/dl) 0.35±.005c 0.37±.005b 0.38±.008b 0.37±.005b 0.37±.003b 0.42±.005a 0.32±.005b

Statistical means carrying same superscript differ non-significantly and with different superscript significantly

Table 3. Hematology and serum biochemical profiles of quail chicks at 28th day of experiment

Groups G1 G2 G3 G4 G5 G6 G7
TEC (x106/mm3) 4.12±.006b 4.12±.005b 4.10±.003b 4.11±.008b 4.12±.006b 4.08±.005c 4.16±.008a

TLC (x103/mm3 4.11±.010b 3.97±.008d 4.07±.012c 4.10±.012b 4.13±.008a 4.07±.005c 4.13±.008a

Lymphocytes (%) 57.01±.008b 56.95±.005d 56.65±.005de 56.98±.008c 57.01±.005b 56.14±.005f 57.09±.005a

Heterophils (%) 32.07±.006b 31.10±.006e 31.90±.006e 32.16±.020a 32.08±.008b 31.81±.008d 32.16±.008a

Basophil (%) 2.21±.003b 2.21±.008b 2.23±.006a 2.21±.006b 2.22±.008b 2.17±.008c 2.25±.003a

Eosinophil (%) 2.38±.008b 2.37±.005c 2.38±.003b 2.38±.003b 2.38±.003b 2.35±.006c 2.41±.008a

Monocyte (%) 4.49±.005b 4.48±.008b 4.51±.008b 4.46±.008b 4.48±.012b 4.48±.005b 5.10±.115a

PCV (%) 37.56±.008c 37.88±.008e 37.08±.008d 37.89±.005b 37.97±.010b 37.10±.057d 38.16±.088a

Hb (g/dl) 11.45±.008a 11.41±.008a 11.07±.008d 11.23±.024c 11.41±.008b 10.96±.008e 11.45±.012a

ESR (mm/hr) 3.51±.005b 3.46±.008c 3.28±.008e 3.41±.012d 3.41±.005d 3.27±.008e 3.53±.006a

TSP (g/dl) 2.84±.005b 2.81±.005c 2.80±.008c 2.85±.008a 2.83±.006b 2.82±.010b 2.86±.005a

Urea (mg/dl) 4.16±.030b 4.12±.005d 4.14±.003b 4.13±.005c 4.17±.008d 4.35±.005a 4.11±.005d

Creatinine (mg/dl) 0.43±.003c 0.44±.003c 0.47±.003b 0.42±.003d 0.45±.005c 0.54±.008a 0.41±.008e

Statistical means carrying same superscript differ non-significantly and with different superscript significantly

DISCUSSION

Toxicity of Aflatoxin B1 (AFB1) and Ochratoxin
A (OTA) in relation to hematology and serum biochemistry
was investigated in Japanese quails. In present study
hematological parameters were significantly lowered in
experimental groups in comparison to control. Erythrocyte
count, packed cell volume and hemoglobin concentration
were lowered by increase in AFB1 in feed. In corroboration
findings had been documented by Verma et al. (2003)
under experimental conditions in broiler chicks.
Reductions in quail RBC and PCV observed in present
study may have occurred as a result of AFB1-induced
foliate deficiency. In agreement to the findings of Hanif et
al. (2008) values of TEC and PCV of quail chicks were
reduced by the addition of OTA to the basal diet. Similar to

AFB1 decreasing trend in TEC, PCV and hemoglobin was
observed with increase in the level OTA in offered feed.
Hematology values of quail chicks were significantly
reduced when AFB1 and OTA were fed in combination in
present study. Results are not in line with observations of
Hassan et al. (2012). However in agreement, decrease in
RBC and hemoglobin levels was noted in broilers fed
AFB1 by Del Bianchi et al. (2005).

Effects on Total leucocytes were more severe
quail chicks receiving combined toxins in feed. In other
poultry species, the effects of AFB1 on leukocyte counts
seem to be contradictory, since previous reports indicate a
decrease in leukocyte counts of broilers fed AFB1 (Al-
Mansour et al., 2011), or an increase in leukocyte counts of
turkeys fed AFB1 (Fung and Clark 2004). Feed
contaminated with aflatoxins lower the counts of
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lymphocyte and monocyte in affected birds. In contrast
higher values for neutrophil counts were observed by
Donmez et al. (2012) in accord to present findings. In
agreement decrease in the numbers of hemoglobin and
PCV values have been recorded by Kececi et al. (1998) in
broilers using aflatoxin contaminated feed. Comparable
results were recorded by Oguz et al. (2000) that PCV,
hemoglobin levels, erythrocyte, and lymphocyte counts
decreased in the presence of aflatoxins in feed. Results of
present study are strengthened by findings which had been
stated by Yousef et al. (2003) and Abdel-Wahhab et al.
(2002).

Serum Biochemistry: Total serum proteins were lowered
in quail chicks fed aflatoxins. Muhammad et al. (2012)
reported significant decrease in different liver enzymes
resulting in poor growth of birds. Similar results have been
reported by administration of aflatoxins to different species
like poultry (Ortatali and Oguz 2001), rabbits (Karakilcik
et al., 2004) and sheep (Abdel-Fattah et al., 2010). Most of
the proteins are synthesized by liver. The decrease in serum
proteins observed in the present study might be due to less
protein synthesis by injured liver or increased protein loss
by injured renal tubules. Serum Creatinine and urea values
increased in a dose related manner by administration of
aflatoxins to chicks. This finding is in agreement with
Stoev et al. (2004). Increased serum Creatinine and urea
levels indicated inflammatory or degenerative changes in
kidney. Aflatoxins induced nephro-toxicity is assumed to
be due to interference with transport function in collecting
tubule cells together with diffused impairment of the
proximal tubules function.

OTA administration to quail altered the
concentration of different serum biochemical parameters.
Creatinine and urea were significantly higher while total
proteins were significantly lower in the groups fed OTA.
Hassan et al. (2010) reported dose dependent decrease in
total protein and albumin in layer birds by feeding OTA.
Wang et al. (2009) observed acute hepatic necrosis, an
important toxic effect of OTA. Ahmad et al. (2012)
significantly higher values of Creatinine in serum of birds
consuming OTA contaminated feed than control group.

Feeding OTA increased urea (Stoev et al., 2004)
and Creatinine while a decrease of serum proteins was
reported by Hanif et al. (2008) in broilers. Significant
decrease in serum proteins and glucose was observed in
chicks consuming feed contaminated with AFB1 alone
whereas uric acid, urea and Creatinine levels increased than
normal (Kasmani et al., 2012). Decreased serum proteins
reflect an injury to the liver cells where as increased serum
Creatinine and urea is indicator of injury to kidney (Creppy
et al., 2004). Pathological changes in liver and kidney were
dependent on the dose and time of exposure to Ochratoxin
in chicks (Hameed et al., 2013). AFB1 can lower the
activity of superoxide dismutase and peroxidase resulting
in damage at histological level to liver and kidney (Ma et

al., 2012). Aflatoxin contaminated feed reduced activities
of different enzymes in serum leading to pathological
changes in liver of ducks (Li et al., 2012). Increase in the
urea, Creatinine and decreased in total serum proteins
concentrations have been observed in concurrent
aflatoxicosis and ochratoxicosis. Similar results have been
reported by Quezada et al. (2000) and Sakhare et al. (2007)
on total serum proteins, Creatinine and urea concentration
in broiler chicks fed OTA and AFB1 in combination.
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