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One hundred and twenty Isa-Brown Point-of-lay(POL) birds were used in a sixteen(16) week dietary study to 
evaluate the toxicity of fumonisin, an environmental mycotoxin produced by fungi of the genus Fusarium, on 
haematology, serum biochemistry and organ characteristics. The POL birds were divided into four groups 
with thirty birds per group. Four nutritionally balanced test diets were prepared to contain 0.2, 5.2, 10.2 and 
15.2 ppm of fumonisin B1 constituting diets 1 (control), 2, 3 and 4 respectively by substituting ground corn 
cultured with F.moniliforme for ground autoclaved, non-cultured corn in graded proportions. Each group was 
assigned to one experimental diet in a completely randomised design. Blood and serum samples and some 
selected internal organs were collected from the birds at the end of the feeding trial for haematological, 
serum biochemical and organs’ analyses. Results showed that the erythrocytes, haemoglobin, packed cell 
volume, mean corpuscular volume, mean corpuscular haemoglobin concentration and leukocytes of birds 
fed diets containing 5.2ppm, 10.2ppm and 15.2ppm FB1 were not significantly different (p>0.05) from those 
fed the control (0.2ppm) diet. However, the mean corpuscular haemoglobin and platelets of birds fed the 
control (0.2ppm) diet were significantly (p<0.05) higher than those fed diets 2, 3 and 4. Experimental birds fed 
diets containing 5.2ppm FB1 and above suffered a significantly (p<0.05) depressed syntheses of total protein, 
albumin, aspartate aminotransferase (AST), uric acid and albumin-globulin ratio. The relative weights of the 
kidney, reproductive tract, lung and gastro intestinal tract (GIT) were significantly (p<0.05) lower in laying 
hens fed diets 3 and 4 than those fed diet 1. This study demonstrated that dietary FB1 concentration above 
5.2ppm is a potential health risk that may induce adverse physiological response, which can be assessed 
using serum biochemical parameters and organs’ characteristics in laying hens.  
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INTRODUCTION 
 
There has been an increasing concern of professionals in 
the field of intensive livestock enterprises, particularly 
poultry, over the  presence  of  mycotoxins  in  their  feed  
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ingredients. Unfortunately, under our prevalent 
environmental conditions, most of the ingredients for 
ration formulation like cakes or meals from grains such as 
maize provide a favourable medium for the growth of 
fungi producing mycotoxins such as fumonisins in 
significant quantity (Shephard et al., 1996) 

Fumonisins are a group of environmental 
mycotoxins(Secondary metabolites of fungi) produced by  
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Table 1. Percentage composition of the experimental diets (g/100g)  
 

Ingredients              Treatments 

   Diet 1  Diet 2  Diet 3  Diet 4 

   0.2ppm                5.2ppm                10.2ppm 15.2ppm 

Non-Inoculated Maize 45.00  43.26  41.52  39.78 

Inoculated Maize
a
          -  1.74  3.48  5.22 

Soy Bean Meal 14.00  14.00  14.00  14.00 

Wheat Offal  16.00  16.00  16.00  16.00 

Fish Meal   2.00  2.00  2.00  2.00 

Palm Kernel Cake        13.20  13.20  13.20  13.20 

Di calcium Phosphate 2.50  2.50  2.50  2.50 

Oyster Shell   6.50  6.50  6.50  6.50 

Salt (Nacl)   0.25  0.25  0.25  0.25 

Premix
b
  0.25  0.25  0.25  0.25 

Methionine  0.10  0.10  0.10  0.10 

Lysine  0.20  0.20  0.20  0.20 

Total               100.00              100.00  100.00  100.00 
 
a
Inoculated with Fusarium verticillioides 

b
To provide per kg of diet: Vit. A (8,000i.u); Vit. D3 (2,000i.u); Vit .E(5 i.u); Vit. K(3.2mg); 

Choline chloride(3,000mg); Folic acid(0.5mg); Mn (56mg); I(1mg); Fe(20mg); Cu(10mg); 
Zn(50mg); Co(1.25mg);Riboflavin(4.2mg); Vit. B12(0.01mg); Pantothenic acid(5mg); Nicotinic 
acid(20mg); 
ppm: Equivalent of mg fumonisin/kg diet. 

 

 
 
fungi of the genus Fusarium, especially F. Moniliforme 
(F.verticillioides Sacc.) and F. Proliferatum (Bezuidenhout 
et al., 1988, Nelson, 1992). Six fumonisin analogues 
have so far been reported ( Gelderblom et al.,1992) but 
fumonisin B1  (FB1) is the major fumonisin produced in 
culture(Bezuidenhout et al., 1988) and naturally occurring 
in maize, maize-based feeds and foods(Rheeder et al., 
1992). Fumonisin B1 has so far been reported to be toxic 
to a wide variety of livestock species such as Pigs (Gbore 
et al.,2010), Rabbits (Ewuola et al.,2003; Ogunlade et al., 
2004; 2005), Rats (Gelderblom et al., 2001) and Equine 
(Kellerman et al., 1990). 

The implications of feeding fumonisin B1 contaminated 
maize-based diets on performance parameters, 
haematology and serum biochemistry, organs’ 
characteristics and histopathology have been well 
documented in broiler chicks (Weibking et al., 1993), 
Turkey poults (Ledoux et al., !996), Pecking 
ducklings(Bermudex et al., 1995) and Mink (Restum et 
al., 1995). Goel et al., (1994) and Gumpretcht et al., 
(1995) in their studies stated that, relative to other tissues 
examined, the liver and kidney showed the greatest 
increases in the concentration of free sphinganine, a 
detectable biomarker for exposure to fumonisins (Riley et 
al.,1994). 

Blood; an important index of  physiological and 
pathological changes in organisms, has been shown to 
be a guide to nutritional status in feeds (Gbore et 
al.,2010) and contains a myriad of metabolites and other  
constituents which provide a valuable  medium for clinical 

investigations and assessment of nutritional status of 
human beings and animals. 

Considering  the physiological and pathological effects 
of  fumonisin B1(FB1) on these livestock species and the 
paucity of information on its effects on laying hens, which 
largely depend on maize as a feed source, this study was 
designed with an objective  to evaluate the haematology, 
serum biochemistry and organ traits of laying hens fed 
graded levels of dietary fumonisin B1. 
 
 
MATERIALS AND METHODS 
 
A total of 120 point- of- lay(POL) Isa Brown hens were 
used in this study. The birds were randomly divided into 
four groups(30 birds per group) with an average group 
weight ranging from 710.50g-720.42g. 

Autoclaved maize grains were cultured with a 
toxigenic strain of F.verticillioides (MRC 286) to produce 
FB1 according to the method of Nelson et al., (1994) in 
the Mycotoxin Laboratory of the International Institute of 
Tropical Agriculture(IITA), Ibadan, Nigeria. The cultured 
maize grains were air-dried, ground and quantified for 
fumonisin. The ground, cultured maize was substituted 
for ground autoclaved, non cultured maize in various 
proportions to formulate four diets containing 0.2, 5.2, 
10.2 and 15.2 ppm FB1 (Table 1) as determined using the 
Neorgen’s Veratox  fumonisin quantitative CD-ELISA test 
kit (Neorgen Corp; USA) constituting diets 1 (Control), 2,3 
and 4 respectively. 
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Table 2. Haematological values of laying hens fed graded levels of dietary fumonisin BI  
 

Parameters     Treatments 

                  Diet 1  Diet 2  Diet 3  Diet 4    SEM 

                   0.2ppm                5.2ppm                10.2ppm 15.2ppm 

Erythrocytes(x10
6
/mm

3
)  2.92  2.90  2.87  2.86

 
     0.06 

Haemoglobin(g/dl)                11.10  10.90  10.60        10.50    0.10 

Mean Cell Volume(µ
3
) 117.12  117.41  117.77  117.48    0.88 

MCH(µµg)                 38.01
a
  37.58

ab
  36.93

b
  36.71

b
    1.31 

MCHC(%)                 32.46  32.01  31.36  31.25    0.50 

Packed Cell Volume(%) 34.20  34.05  33.80  33.60    0.30 

Platelets(x10
3
/l)  125.0

a
  122.0

ab
  119.50

b
                119.00

b      
1.28 

Leukocytes(x10
3
/mm

3
) 17.34  17.65  17.80  18.00    0.39 

Lymphocytes(x10
3
/mm

3
) 11.90  12.32  12.79  13.16    0.42 

Heterophils(x10
3
/mm

3
) 5.18  4.88  4.65  4.44    0.28 

Monocytes(x10
3
/mm

3
) 0.09  0.13  0.15  0.18    0.07 

Eosinophils(x10
3
/mm

3
) 0.18  0.27  0.21  0.22    0.05 

 

a, b : Means differently superscripted across the rows are significantly different(p<0.05). 
SEM: Standard error of means. 
MCH: Mean Corpuscular Haemoglobin. 
MCHC: Mean Corpuscular Haemoglobin Concentration. 

 
 

Table 3. Serum biochemical parameters of laying hens fed diets contaminated with graded levels of   
fumonisin B1 

 

Parameters     Treatments 

                  Diet 1  Diet 2  Diet 3  Diet 4    SEM 

                  0.2ppm                5.2ppm               10.2ppm               15.2ppm 

Total Protein(g/dl)               4.95
a
  4.80

a
  4.54

ab
  4.11

b 
     0.19 

Albumin(g/dl)  3.26
a
  2.45

b
  2.10

c
  2.10

c
    0.14 

Globulin(g/dl)  1.69  2.35  2.45  2.01    0.26 

Albumin/globulin                2.34
a
  1.04

b
  0.85

b
  1.04

b
    0.34 

AST( i.u/l))                 88.38
a
  65.63

b
  64.22

b
  59.02

b
    7.48 

Uric acid(mg/dl)  1.61
b
  2.22

ab
  2.55

a
  2.67

a
    0.26 

 

a, b, c : Means differently superscripted across the rows are significantly different(p<0.05). 
SEM: Standard error of means. 
AST: Aspartate aminotransferase. 

 
 
 

30 POL birds randomly grouped as described earlier 
were allotted to each experimental diet. Each          
treatment had 3 replicates with 10 POL birds per 
replicate. The birds were randomly allotted to               
individual cages and fed their respective diets ad               
libitum for 16 weeks at the poultry unit of the Teaching 
and Research Farm, University of Ibadan, Ibadan, 
Nigeria. 

At the end of the feeding trial, blood was collected 
from the jugular vein of each animal into two vacutainer 
tubes, one containing Ethylene diaminetetraacetic acid 
(EDTA) for haematological analysis and the other without 
EDTA to allow for clotting and separation of serum which 
was deep frozen for serum biochemical and 
enzymological analyses. 

The packed cell volume (PCV) was determined by 
spinning about 75µl of each blood sample in heparinised 
capillary tube in a haematocrit centrifuge for about 5 
minutes and was then read on heamatocrit reader as 
described by Benson et al (2004). Erythrocyte (RBC), 
leukocyte (WBC) and the differential counts were 
determined using haemocytometer as described by Lamb 
(1981). The haemoglobin (Hb) concentration and blood 
constants- Mean Corpuscular Volume (MCV), Mean 
Corpuscular Haemoglobin (MCH) and Mean Corpuscular 
Haemoglobin Concentration (MCHC) were determined 
using cyanomethaemoglobin method and appropriate 
formula respectively as described by Jain (1993). Serum 
total protein, albumin and globulin were determined as 
described  by  Kohn  and   Allen  (1995)   while  Aspartate  
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Table 4. Histometry of some organs of laying hens fed diets contaminated with graded levels of dietary 
fumonisin BI  
 

Parameters       Treatments 

    Diet 1  Diet 2  Diet 3   Diet 4    SEM 

    0.2ppm                5.2ppm               10.2ppm               15.2ppm 

Live Weight (g)                1800.00               1730.00               1780.00               1580.00   77.50 

Rel. Liver Weight (%)  2.10  2.26  2.15  2.26    0.06 

Rel. Kidney Weight (%)                0.71
a
  0.73

a
  0.60

b
  0.66

b
    0.03  

Rel. Spleen Weight (%)                 0.13  0.12  0.10  0.13    0.01 

Rel. Proventriculus Weight (%)         0.50  0.48  0.30  0.39    0.14 

Rel. Ovarian Weight (%)                2.42  2.01  2.09  2.02    0.14 

Rel. Weight of Repro.Tract (%)         3.32
a
  3.28

a
  3.13

b
  3.08

b
    0.14 

Rel. Heart Weight (%)  0.40
b
  0.47

a
  0.44

ab
  0.41

ab
    0.02 

Rel. Lung Weight(%)  0.49
a
  0.36

b
  0.34

b
  0.37

b
    0.18 

Rel. GIT Weight (%)  6.65
a
  5.87

b
  5.31

c
  5.22

c
    0.16 

 

a, b, c : Means differently superscripted across the rows are significantly different(p<0.05). 
SEM: Standard error of means.   Rel.: Relative to live weight 
Repro.Tract: Reproductive Tract.   GIT: Gastro Intestinal Tract. 

 
 
 
Amino Transferase activity was determined using 
spectrophotometric methods as described by Rej and 
Hoder (1983). Uric acid was determined following the 
procedure described by Davice and Lewis (1991). After 
blood collection, the birds were sacrificed and 
eviscerated for collection of organs (Liver, kidney, spleen, 
heart, lung and gastro intestinal tract (GIT).  The organs 
collected from each animal were weighed individually and 
expressed as percentages of live weight.  

 
 

Statistical Analysis 
 

The data collected were subjected to one-way analysis of 
Variance (ANOVA) procedure of SAS (1999). The  
treatment means were compared at 5% confidence limit 
using the Duncan multiple range test of the same 
software. The appropriate statistical model used was 
Yij=µ + Fi  + Eij  
Yij =Observation on j

th
 population of i

th
 treatment 

µ  = Common mean, Fi = Fixed effect of fumonisin (i=4), 
Eij = Error term 
 
 
RESULTS 
 
The haematological indices of the laying hens fed graded 
levels of dietary fumonisin B1 are presented in Table 2. It 
was observed that the erythrocytes, haemoglobin, 
packed cell volume, mean corpuscular volume and 
leucocytes of birds fed diets containing 5.2, 10.2 and 
15.2ppm dietary FB1 were statistically similar (p>0.05) to 
those fed the control (0.2ppm) diet. The mean 
corpuscular haemoglobin and platelets decreased 
significantly (p<0.05) in birds fed diets containing 

10.2ppm and 15.2ppm when compared with those fed 
diets containing 0.2ppm (control) and 5.2ppm dietary FB1. 
Although there were no significant differences in the 
lymphocytes values of the laying birds for all the 
treatments, the values increased apparently as the 
dietary FB1 levels increased.  

The serum biochemical parameters of the 
experimental laying hens are shown in Table 3. The total 
protein, albumin, albumin/globulin ratio and AST were 
dietary FB1 concentration dependent. These parameters 
decreased significantly (p<0.05) with increase in dietary 
FB1 levels. The pattern of decrease in the AST values of 
the experimental laying hens followed similar trend         
with those of albumin/globulin ratio. The Uric                    
acid concentrations in the serum of the laying hens fed 
diets 3 and 4 were significantly higher than those fed 
diets 1 and 2. 

Table 4 shows the relative weight of some organs of 
laying hens fed graded levels of dietary FB1. The relative 
weights of the kidney and reproductive tract of hens fed 
diets 1 and 2 were statistically similar and significantly 
(p<0.05) higher than those fed diets 3 and 4. Birds fed 
diet 1 had significantly higher relative weights of the lung 
and GIT than those fed diets 2, 3 and 4. The pattern of 
influence of the dietary fumonisin levels on the hearts of 
the laying birds across the treatments did not follow any 
particular trend. 
 
 
DISCUSSION 
 
In this study, the erythrocytes (RBC) component of the 
blood of the experimental laying hens were unaffected by 
the dietary levels of FB1 and the mean values                       
for the erythrocytes across the treatments were within the  
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Table 5. Histopathology of selected organs of laying hens fed diets 
contaminated with graded levels of fumonisin B1 
 

Parameters         Treatments 

  Diet 1      Diet 2         Diet 3         Diet 4  

  0.2ppm      5.2ppm      10.2ppm     15.2ppm 

Liver  NSL      NSL           NSL ML
 
  

Kidney  NSL      ML           ML ML  

Proventriculus NSL      NSL           NSL NSL  

Small Intestine NSL      NSL           NSL NSL  
 

NSL: No significant Lesion or necrosis; ML: Mild lesion or necrosis 

 
 
 
reported range of 1.58-3.82x10

6
/mm

3
 and 2.5-3.5x10

6
µl 

by Mitruka and Rawnsley (1977) and Jain(1993) 
respectively for normal female chickens. The PCV values 
of the laying hens followed similar trend with RBC values 
and were within the range (22 – 35%) reported by Jain 
(1993) for domestic chicken. Lindsay (1977) and Maxwell 
et al (1990) reported that reduction in PCV and RBC 
values indicates anaemia. Therefore, the dietary 
fumonisin levels used in this study did not induce 
anaemic condition in the experimental hens. The non-
significant influence of the dietary FB1 levels on the MCV 
of the experimental hens suggests that their RBC’s are 
normal. An MCV below 102.0µ

3 
indicate microcytosis, 

whereas a value of over 129.0µ
3
 indicates macrocytosis 

(Jain, 1993). 
Haemoglobin (Hb), an iron-containing conjugated 

protein, has been described (Jain 1993) to have 
physiological function of transporting oxygen and carbon 
dioxide. The values of the Hb for hens fed 0.2, 5.2, 10.2 
and 15.2 ppm dietary FB1 were within the 7.0 – 13.0g/dl 
and 7.4 – 12.2g/dl reference values for normal female 
chicken reported by Jain (1993) and Mitruka and 
Rawnsley (1977). The results therefore suggested that 
the experimental hens did not suffer a depressed 
respiratory capability and gas exchange capacity of the 
RBC’s.  

The influence of dietary FB1 on RBC, PCV and Hb in 
this study demonstrates that FB1 is a non-haematotoxic 
mycotoxin.  These results are in agreement with those of 
Ogunlade et al., (2004), Ewuola et al., (2008) and 
Zomborszky-Kovacs et al., (2002) that considered 
fumonisin as non-haematotoxic  mycotoxin. 

The significant reduction in the platelets values of the 
laying hens on diets 2, 3 and 4 suggests 
thrombocytopenia which might have resulted from splenic 
atrophy (Cole 1986), although physical signs of this 
condition were not observed and the experimental laying 
hens did not show sign of inferior health status. The 
significant influence of the dietary FB1 levels on some of 
the haematological parameters investigated in this study 
agreed with the findings of Rotter et al (1996) and 
Espada et al (1997) who reported changes in selected 
haematological parameters in pigs and broilers fed 

fumonisin contaminated diets respectively. Also, 
alterations in some haematological parameters have 
been reported in pigs (Gbore et al 2010). 

Although, the serum total protein  and  albumin  values 
across the treatments were significantly depressed by the 
dietary FB1 levels, the values were within the normal 
physiological range of 4.0-5.5g/dl and 2.10-3.45g/dl 
reported by Jain (1993) and Mitruka and Rawnsley 
(1977) respectively for domestic chicken. The significant 
depression in the levels of serum total protein and 
albumin across the treatments suggests that protein 
synthesis was impaired. The dietary FB1 may have 
induced some pathological and physiological changes in 
the laying hens leading to poor digestion, poor absorption 
and poor utilisation of protein in the diets (Ogunlade et 
al., 2004). The significant decrease in albumin/globulin 
ratio in all the treatments shows that albumin was 
selectively lost or deficient as the levels of FB1 increased 
in the diets. This observation is in line with the report of 
Duncan et al (1994).  

The pattern of influence of the dietary FB1 levels on 
the AST of the experimental birds was inversely related 
to their Uric acid component. The AST values for birds on 
diets 2, 3 and 4 were significantly lower than those on 
control diets and were also below the range of values 
reported for normal female chickens by Mitruka and 
Rawnsley (1977). The results may be an indication of 
cellular insufficiency for birds fed those diets. The 
significant superiority of the uric acid values of birds fed 
diet 3 and 4 over those of the control was an indication of 
inflammation and malfunction of the kidney of the birds. 
Similar results were obtained by Sreemannarayana et al 
(1989) for growing chicks fed Ochratoxin mycotoxin and 
Restum et al (1995) for minks fed fumonisin treated diets. 

The dietary fumonisin significantly depressed the rate 
of growth and relative weights of the kidneys, 
reproductive tract, lungs and GIT across the treatment 
but had no significant effect on the liver, spleen, 
proventriculus and ovarian weight. 

The significant reduction in the relative weights of the 
kidneys and GIT may be an indication of fumonisin 
toxicity to the organs. Gelderblom et al (1988) reported 
that FB1 is nephrotoxic. Similar results were  obtained  by  
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Voss et al (1995), Restum et al (1995) and Ewuola et al 
(2003). The results are however contrary to those of 
Sreemannarayana et al (1989) who reported an increase 
in the relative weights of various sections of GIT of 
growing chicks fed ochratoxin. 

The reports (Weibking et al 1993, Bermudez et al 
1995 and Restum et al 1995) that the relative weights of 
the lung and heart of chickens, ducklings and minks 
respectively fed diets treated with varied levels of 
fumonisin were not statistically different from those on 
control diet, were at variance with the findings of this 
study. The relative weight of the heart increased 
significantly as the dietary FB1 levels increased. 

The apparent lack of significant effects of dietary FB1 
levels on the relative weight of the liver, spleen and 
proventriculus in this study were consistent with the 
observations of Ewuola et al 2003, Bermudez et al 1995, 
Restum et al 1995, and Weibking et al 1993 but contrary 
to those of Espada et al., (1997). 

The histopathology  report of the organs examined 
revealed mild diffused hepatic lesions in 75% of the 
laying birds fed diet 4 where as no significant lesion 
(NSL) was observed in the liver of birds on diets 1, 2 and 
3. This result suggests that dietary fumonisin above 
15.2ppm may induce severe hepatic lesions with adverse 
consequences on the performance of the birds. Similar 
histological lesions were noted in the liver of broiler 
chicks fed 283ppm total fumonisin (Weibking et al., 
1993), ducklings fed 120.5 to 481.8ppm total fumonisin 
(Bermudez et al 1995) and Rabbits fed 1.69 – 1.90ppm 
FB1 (Ewuola et al 2003). 

Histological examination of the kidneys of the 
experimental hens in this study showed mild renal lesion 
comprising of few small foci of mononuclear cellular 
infiltration in 25% of birds fed diets 2 and 4 and 50% of 
those fed diet 3. These results agree with those of Voss 
et al., (1995) who observed that toxicity was confined to 
the kidneys and lesions of the proximal tubule were found 
in rats fed >9ppm fumonisin. Renal lesions in the rats 
were accompanied by decreased relative kidney weight. 
The reports of Tolleson et al., (1996) and US NTP (1999) 
and Ewuola et al.,  (2003) that the liver and kidneys are 
target organs for fumonisin corroborate the results 
obtained in this study. However, the findings from the 
kidneys of the birds in this study were contrary to those of 
Weibking et al; (1993) and Restum et al; (1995) that no 
lesions or incidental findings were observed in the 
kidneys of broiler chicks and minks respectively fed diets 
treated with fumonisin. 

The apparent lack of significant lesions in the 
proventriculus and small intestine of the experimental 
birds in this study may arise from the inability of FB1 at 
the inclusion levels used in this study to induce 
proventriculus and intestinal tunica mucosa erosion. 
These results agreed with those of Weibking et al; (1993) 
and Bermudez et al (1995) but contradicted those                  
of Ewuola et al; (2003) who observed  intestinal  mucosa  

 
 
 
 
erosion for rabbits fed 1.90ppm (High Infection) dietary 
fumonisin. 
 
 
CONCLUSION           
 
This study has shown that dietary exposure to FB1  at a 
concentration of about 5.2ppm or more for a four-month 
period may result in significantly reduced concentration of 
MCH, serum total protein, albumin, albumin/globulin ratio, 
AST and the relative weights of kidneys, reproductive 
tract  and GIT in laying hens. The study also 
demonstrates that the kidneys of laying hens exposed to 
dietary FB1 concentration of about 5.2ppm and above 
may develop mild or severe lesions with impaired renal 
functions. 
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