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ABSTRACT
An experiment was conducted with 20 West African Dwarf male goats (4-5 months old) averaging 
8.4±1.04kg to assess haematological response of the animals to varied levels of dietary aflatoxin of 0, 
50, 100 and 150 µg aflatoxin/kg in diets 1 (control), 2, 3 and 4 respectively. The animals were randomly 
divided into four treatments with each treatment having five goats housed individually in a completely 
randomised design for a period of 4 weeks. Blood samples were collected from the animals through the 
jugular vein, at day 0, 14 and 28 during the feeding trial, for haematological studies. Results obtained 
showed that, there were no significant differences among the haematological indices of all animals
examined at day 0. At day 14, Packed Cell Volume (PCV), Red Blood Cell (RBC), White Blood Cell
(WBC), Haemoglobin (Hb), leukocyte differential counts and platelets of goats fed treatments 2, 3 and 4 
were not significantly different from goats fed the control diet. However, Mean corpuscular volume (MCV)
and mean corpuscular haemoglobin (MCH) of goats fed diets 3 and 4 were significantly (P<0.05) higher 
than the control. At day 28, RBC, Hb, MCV and MCH significantly (P<0.05) increased as the level of the 
toxin increases in the diets. There were apparent decrease in WBC, its differential counts and platelets in 
goats on treatments 2, 3 and 4 compared to the control at days 14 and 28. These results suggest that 
aflatoxin contaminated diets fed to bucks at 100µg/kg altered haematological variables at day 28 of 
dietary exposure of the animal to the diets. The effects elicited on the animals are dose-dependent and
was also influenced by the duration of exposure.
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1.0 Introduction
Mycotoxins are toxic, chemically diverse 
secondary metabolites produced by a wide range 
of fungi. According to Pitt (1996), mycotoxins are 
defined as ‘fungal metabolites which when 
ingested, inhaled or absorbed through the skin 
cause lowered performance, sickness or death in 
man or animals, including birds. Infections by 
mould and subsequent mycotoxin production can 
develop at various stages of crop production: in 
the field, during harvesting and transportation or 
storage (Sultana and Hanif, 2009). Of all 
mycotoxins, aflatoxins probably cause the most 
concern (CAST, 2003). This is due to their 
carcinogenic and immune suppressing effects in 
both humans and domestic animals (Turner et al., 
2003) and economic losses due to significant 
reductions in export value (Wu, 2006). Aflatoxins 
are one of the most potent toxic substances that 

occur naturally. These are a group of closely 
related mycotoxins produced by fungi Aspergillus 
flavus and A. Parasiticus. Aflatoxin contamination 
can occur in a wide variety of feedstuffs including 
corn, sorghum, barley, rye, wheat, peanuts, soya, 
rice, cottonseed and various derivative products 
made from these primary feedstuffs (Busby and 
Wogan, 1979). In Nigeria, comparism of aflatoxin 
production among agro-ecological zones showed
that aflatoxin B1 was significantly higher in 
Southern Guinea Savannah than in Northern 
Guinea Savannah, and intermediate in maize 
samples from the Derived Savannah agro-
ecological zone (Atehnkeng et al., 2008).
Ruminants such as cattle, sheep, and goats are 
less known for their sensitivity to the negative 
effects of mycotoxin than non ruminants. 
Ruminants are exposed to mycotoxin in growing 
pasture (fungal contamination of grasses), silage, 
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hay and straw (including bedding), concentrate 
feed formulated with contaminated grains. 
Mycotoxins affect ruminants by reducing feed 
consumption, reducing nutrient utilization, altering 
rumen fermentation, suppressing immunity, 
altering reproduction, irritating tissues, and 
causing cellular death. However, production (milk, 
beef, or wool), reproduction and growth can be 
altered when ruminants consume aflatoxin-
contaminated feed for extended periods of time 
(Hussein and Brasel, 2001). Confusion results 
when consultants attempt to discuss the impact of 
aflatoxins on the ruminant animal by relying upon 
the research findings of feeding infected grains to 
monogastrics.  As a result of toxic effect of 
aflatoxin, biochemical and haematological 
parameters have been reported to be affected
importantly. Concentrate supplementation in 
ruminant diet is essential to improve performance 
of the animals. However, aflatoxin contamination 
can jeopardise the objective. Thus, understanding 
West African Dwarf goat response to aflatoxin 
intoxication prompted the design of this 
experiment.

2.0 Materials and Methods
2.1 Experimental materials and feeding trial
Aspergillus flavus cultured maize grains 
containing aflatoxin was generated at the Plant 
Pathology Laboratory, International Institute of 
Tropical Agriculture (IITA), Ibadan. Aflatoxins 
were quantified using scanning densitometer, 
CAMAG TLC Scanner 3 with win- CATS 1.4.2 
software (Camag AG, Muttenz, Switzerland) as
described in Suhagia et al. (2006). The aflatoxin 

contaminated maize was substituted for non-
cultured maize in various proportions to formulate 
four treatment diets containing approximately 0, 
50, 100, and 150 µg Kg-1 aflatoxin, constituting 
treatments 1 (control), 2, 3 and 4, respectively.
Twenty 4-5 months old West African Dwarf male 
Goats weighing averagely 8.4±1.04 kg were 
allotted randomly into the four treatments. There 
were 5 animals per treatment, housed individually 
across the treatments in a 4-week feeding trial. 
The animals were fed forage and concentrate 
(60:40 respectively).The gross composition of the 
concentrate diets is as shown in Table 1. The 
animals were fed their respective diets ad libitum 
daily. Fresh potable water was made available 
throughout the experimental period. 

2.2 Blood collection and evaluation
At the beginning of the feeding trial, blood 
samples were collected from the animals, and at 
14 days interval throughout the experimental 
duration. The bucks were bled through the jugular 
vein using a sterilized disposable syringe and 
needle for each animal into, vaccutainer tubes, 
containing a calculated amount of ethylene 
diamine tetraacetic acid (EDTA) as anticoagulant 
for haematological study.  The Red Blood Cell 
(RBC) counts, total White Blood Cell (WBC) 
counts, leukocyte differential counts, platelets, 
haemoglobin (Hb) concentration and Packed Cell 
Volume (PCV) were determined as described in 
Ewuola and Egbunike (2008). Blood constants 
(MCH, MCV, MCHC) were determined using 
appropriate formulae as described by Jain (1986).

Table 1: Gross composition (%) of concentrate diet for the experimental animals
Ingredients T1 (0 µg/kg) T2 (50 µg/kg) T3 (100 µg/kg) T4(150 µg/kg) 
Uncontaminated maize 55.00 51.67 48.34 45.01 
Contaminated maize 0.00 3.33 6.66 9.99 
Wheat offal 28.00 28.00 28.00 28.00 
Brewer dried grain  15.00 15.00 15.00 15.00 
Di-calcium phosphate 1.00 1.00 1.00 1.00 
Grower premix 0.50 0.50 0.50 0.50 
Salt 0.50 0.50 0.50 0.50 
Total 100.00 100.00 100 .00 100 .00
Calculated Nutrient (%DM) 
Crude protein (%) 12.87 12.87 12.87 12.87 
DE (kcal/kg) 3572.69 3572.69 3572.69 3572.69 
NDF 25.43 25.43 25.43 25.43 
ADF 9.01 9.01 9.01 9.01 

DM- dry matter DE- Digestible Energy; NDF- Neutral Detergent Fibre; ADF- Acid Detergent Fibre
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Table 2: Haematological parameters of WAD goats at the commencement of the experiment (day 0)

SEM: Standard error mean. *Duncan and Prasse (1986)

2.3 Data Analysis
The data obtained from the haematological 
response of the experimental animals were 
subjected to Analysis of Variance of statistical 
analytical system (SAS, 2003) at p = 0.05

3.0 Results
The haematological parameters of WAD bucks 
fed dietary aflatoxin at day 0, 14 and 28, are 
shown in Tables 2, 3 and 4. There were no 
significant differences among the haematological
indices of all animals examined at day 0 and all 
parameters examined were within the normal 

range reported for goats by Duncan and Prasse
(1986). This ascertained that all the animals were 
healthy at the commencement of the feeding trial.
At day 14, PCV, RBC, WBC, Hb, leukocyte 
differential counts and platelets of goats fed 
treatments 2, 3 and 4 were not significantly 
(P>0.05) different from goats fed the control diet. 
However, MCV and MCH of goats fed diets 3 and 
4 were significantly (p<0.05) higher than those fed 
diet 3 and the control diet with the least value 
recorded in goats fed control diet. There were 
apparent increase in PCV and Hb of goats on 
treatments 2, 3, and 4 compared to the controls.

Table 3: Haematological response of WAD goats to varied levels of dietary aflatoxin at day 14

PARAMETERS
T1
(0µg/kg)

T2
(50µg/kg)

T3
(100µg/kg)

T4
(150 µg/kg) SEM

NORMAL 
RANGE*

Packed Cell Volume (l) 0.19 0.22 0.28 0.27 0.. 0.16 0.22-0.38
Red Blood Cells (x1012/l) 11.95 11.14 11.26 11.24 0.47 8.0-18.0
White Blood Cells (x109/l) 13.55 10.77 10.05 10.95 0.96 4.0-13.0
Haemoglobin (mmol/l) 3.88 4.48 5.74 5.64 0.33 4.96-7.45
Mean Cell Volume (fl) 15.73b 19.52ab 24.98a 24.29ab 1.58 16-25
Mean Cell Haemoblobin (fmol) 3.25b 4.04ab 5.17a 5.02ab 0.33 5.2-8.0
Mean  Cell Haemoglobin 
Concentration (x10 g/l) 33.25 33.34 33.33 33.32 0.14 30-36
Lymphocyte (x109/l) 7.58 4.31 5.78 6.10 1.01 2.0-9.0
Monocyte  (x109/l) 0.32 0.32 0.23 0.21 0.03 0.0-0.55
Eosinophils (x109/l) 0.20 0.17 0.16 0.17 0.04 0.05-0.65
Neutrophils (x109/l) 5.46 5.96 3.88 4.47 0.45 1.2-7.2
Platelets (x109/l) 250.75 199.33 164.50 199.00 19.45 300-600
ab: means in the same row with different superscript are significantly (P<0.05) different.          SEM: 
Standard error mean, *Duncan and Prasse (1986) 

PARAMETERS
T1
(0µg/kg)

T2
(50µg/kg)

T3
(100µg/kg)

T4
(150 µg/kg) SEM

NORMAL 
RANGE*

Packed Cell Volume (l) 0.25 0.24 0.27 0.27 0.01 0.22-0.38
Red Blood Cells (x1012/l) 11.18 10.52 10.57 10.86 0.25 8.0-18.0
White Blood Cells (x109/l) 12.41 12.44 10.76 12.46 0.91 4.0-13.0
Haemoglobin (mmol/l) 5.09 5.01 5.58 5.67 0.23 4.96-7.45
Mean Cell Volume (fl) 21.93 23.36 26.25 25.22 1.27 16.0-25.0
Mean Cell Haemoblobin 
(fmol) 0.45 0.48 0.54 0.52 0.03 0.32-0.50
Mean  Cell Haemoglobin 
Concentration (x10 g/l) 33.32 33.22 33.29 33.36 0.02 30.0-36.0
Lymphocyte (x109/l) 7.60 5.43 7.20 6.04 0.53 2.0-9.0
Monocyte  (x109/l) 0.15 0.29 0.32 0.277 0.04 0.0-0.55
Eosinophils (x109/l) 0.21 0.25 0.27 0.24 0.04 0.05-0.65
Neutrophils (x109/l) 4.45 6.47 2.97 5.90 0.92 1.2-7.2
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There were apparent decrease in WBC, Its 
differential counts and platelets in goats on 
treatments 2, 3 and 4 compared to the control. At 
day 28, RBC, Hb, MCV and MCH of goats across 
the treatments were significantly (p<0.05)
influenced by the toxin. The Hb, MCV and MCH
values obtained for goats on treatment 4 were
significantly (P<0.05) higher than those on control
diet, but were not significantly different from goats 
fed treatments 2 and 3. Goats on control diet had 
significantly (P<0.05) highest RBC values, and 
was significantly (P<0.05) different from goats on 
treatment 2 which had the least values.

4.0 Discussion
Haematological indices are a reflex of the effect of
diets on the physiological status of animals. 
Report by Aletor and Egberongbe (1992) and 
Aletor (1989) indicated that the blood variables 
most consistently affected by dietary influences 
include RBC counts and PCV, plasma protein and 
glucose. In this study, aflatoxin contaminated 
diets fed to goat bucks at varied concentrations 
influenced RBC, Hb, MCV and MCH significantly. 
The values obtained from these parameters 
increased with increase in aflatoxin concentration 
and also with the duration of exposure to the 
diets. The response by the animals may probably 
be an indication of macrocytic anemia, which 
could be due to responsive simulations of the 
bone marrow, or impaired synthesis of vitamin 
B12. The result obtained in this study corroborates 

Clark et al. (1984) that observed increases in total 
RBC counts, PCV, haemoglobin concentration in 
goats fed 0.1ppm to 0.4 ppm for 34 days, and 
suggested that onset and magnitude of increases 
in PCV, haemoglobin concentration were dose-
related. The result was at variance with the report
of 27 kg lambs fed 2ppm aflatoxin for 37 days, in 
which no significant effect was observed in 
haematological variables (Fernaindez et al., 
2000), suggesting that species of animal differ in 
response to aflatoxin (Howard and David, 1990). 
Thrombocyte, monocyte, lymphocyte and 
neutrophil counts in WAD bucks tended to decline 
apparently with increase in the aflatoxin level in 
the diets. The finding of this study corroborates
previous findings (Agag, 2004; Mohiuddin et al., 
1986), that aflatoxin affected thrombocyte and 
phagocyte cells in chickens. Aflatoxin has been 
reported to alter extrinsic and common clotting 
pathway in animals by causing biochemical 
changes in thromblastin clotting factors and 
reduced plasma prothrombin and fibrinogen 
(Doerr et al., 1976), due to impaired hepatic 
synthesis of clotting factors caused by toxicity of 
aflatoxin on the liver cells (Huff et al., 1983).
Results obtained for WBC and its differential 
counts suggest degenerative left shift in which 
there is falling total leukocyte and differential 
counts. This may probably be as a result of 
alteration in bone marrow due to degeneration, 
depression, depletion or destruction of bone 
marrow induced by the toxin.

Table 4: Haematological response of WAD goats to varied levels of dietary aflatoxin at day 28

ab: means in the same row with different superscript are significantly (P<0.05) different. SEM: 
Standard error mean; MCHC: Mean Cell Haemoglobin Concentration
*Duncan and Prasse (1986)

PARAMETERS
T1
(0µg/kg)

T2
(50µg/kg )

T3
(100µg/kg )

T4
(150µg/kg ) SEM

NORMAL 
RANGE*

Packed Cell Volume (l) 0.25 0.33 0.30 0.26 0.02 0.22-0.38
Red Blood Cells (x1012/l) 13.22a 10.55b 12.44a 11.88ab 0.34   8.0-18.0
White Blood Cells (x109/l) 12.57 13.60 10.73 10.46 0.98 4.0-13.0
Haemoglobin (mmol/l) 3.86b 4.27ab 5.02ab 5.89a 0.33 4.96-7.45
Mean Cell Volume (fl) 15.92b 17.55ab 21.39ab 25.74a 1.57 16.0-25.0
Mean Cell Haemoblobin 
(fmol) 3.30b 3.63ab 4.42ab 5.32a 0.32 5.2-8.0
MCHC (x10 g/l) 33.32 33.34 33.33 33.34 0.003 30.0-36.0
Lymphocytes (x109/l) 5.73 5.95 3.99 4.12 0.48 1.2-7.2
Monocytes  (x109/l) 6.37 7.01 6.29 6.00 1.02 2.0-9.0
Eosinophils (x109/l) 0.31 0.35 0.29 0.18 0.03 0.0-0.55
Neutrophils (x109/l) 0.15 0.28 0.16 0.17 0.04 0.05-0.65
Platelets (x109/l) 236.67 162.67 263.50 170.25 18.76 300-600



13

5.0 Conclusion
Based on the results of this study, It can be 
concluded that micro doses of dietary aflatoxin in 
goats will have mild effect on the animal’s 
immune response and health status within 28
days of dietary exposure. 
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