
 

Animal and Veterinary Sciences 
2019; 7(2): 46-51 

http://www.sciencepublishinggroup.com/j/avs 

doi: 10.11648/j.avs.20190702.13 

ISSN: 2328-5842 (Print); ISSN: 2328-5850 (Online)  

 

Response of Yaffa Breeder Cocks to Dietary Fumonisin B1: 
Volumetric Proportions of Spermatogenic Elements, 
Tubular Diameter and Pubertal Age 

Ogunlade Jacob Taiwo 

Department of Animal Science, Ekiti State University, Ado-Ekiti, Nigeria 

Email address: 
 

To cite this article: 
Ogunlade Jacob Taiwo. Response of Yaffa Breeder Cocks to Dietary Fumonisin B1: Volumetric Proportions of Spermatogenic Elements, 

Tubular Diameter and Pubertal Age. Animal and Veterinary Sciences. Vol. 7, No. 2, 2019, pp. 46-51. doi: 10.11648/j.avs.20190702.13 

Received: April 5, 2019; Accepted: April 22, 2019; Published: May 23, 2019 

 

Abstract: Sixty pre-pubertal Yaffa breeder cocks of about 16 weeks old were used to evaluate the reproductive effect of 

fumonisin B1(FB1), a toxic secondary metabolite of Fusarium verticillioides on pubertal age, tubular diameter and volumetric 

proportions of spermatogenic elements. The cocks were randomly allotted to diets containing 0.2(control), 5.2, 10.2 and 

15.2ppmFB1 in a 16-weeks feeding trial. At week 22, semen collection was conducted at 48hours interval until the ages at 

puberty of the cocks were established. At the end of the experiment, half of the right testis of each cock was removed and 

processed histologically for evaluation of diameter of seminiferous tubules and volumetric proportions of testicular elements. 

Results showed that cocks that were fed diets containing 0.2, 5.2 and 10.2ppmFB1 attained puberty two and half (2
1/2

) weeks 

earlier than cocks that were fed 15.2ppmFB1. Tubular diameter (130.78µm) of cocks that were fed 0.2ppmFB1 was 

significantly (P <0.05) superior to the diameter of 107.38, 104.05 and 103.10µm obtained from cocks that were fed 5.2, 10.2 

and 15.2ppmFB1 respectively. Spermatogonia A and B of cocks that were fed 0.2 and 5.2ppm FB1 were significantly higher 

than those of cocks fed 10.2 and 15.2ppmFB1. Round spermatids, sertoli cells and lumen of cocks fed 15.2ppmFB1 were 

significantly impaired. The proportions of basement membrane and cytoplasm in the testes of cocks fed 15.2ppmFB1 were 

significantly higher suggesting an impairment of spermatogenic element in the cocks. This study revealed that exposure of 

cocks to be used for breeding purpose to dietary FB1 higher than 10.2ppm will impede the reproductive efficiency of the cocks. 
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1. Introduction 

Fumonisins are mycotoxins produced by fusarium molds, 

most notably Fusarium verticilliodes. These mycotoxins 

occur as contaminants of agricultural products, particularly 

maize, worldwide [21, 18]. Shepard et. al. [28] reported that 

maize, which is the major cereal utilized in the formulation 

of livestock feeds particularly, poultry, is the only commodity 

that contains significant amounts of fumonisins; therefore, 

the potential for fumonisins to be found in feeds and 

feedstuffs is high. Although several naturally occurring 

fumonisins are known, fumonisin B1 has been reported to be 

the most abundant and most toxic [8, 16]. 

The haematotoxicity, carcinogenicity, hepatotoxicity, 

mutagenicity, as well as the effects on feed intake and body 

weight gain of dietary fumonisin in animals have been well 

documented [23, 14, 11, 12, 9, 5]. 

Speculations about the adverse effect of fumonisin on 

reproductive efficiency of animals as earlier reported by 

Harrison et. al., [11] and Bradlaw et. al., [2] were 

corroborated by recent observation of reduced sperm per 

ejaculate and morphological abnormalities in semen of boars 

fed fumonisin contaminated diets [8], significant reduction in 

spermatozoa progressive motility, motile sperm per ejaculate 

and mass activity of breeder cocks fed fumonisin 

contaminated diets [22] and the report of Ogunlade [21] that 

gonadal, extra gonadal sperm reserve and daily sperm 

production were adversely affected in breeder cocks fed 

dietary fumonisin B1. More research data are needed to 

validate or negate the conclusion that consumption of FB1 

has reproductive toxicity. This necessitated the present 

investigation to assess the effect of dietary fumonisin B1 on 
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volumetric proportions of spermatogenic elements, tubular 

diameter and pubertal age of breeder cocks. 

2. Materials and Methods 

2.1. Experimental Materials and Operations 

Autoclaved maize grains were cultured with a toxigenic 

strain of F. verticillioides (MRC 286) at the Mycotoxin 

Laboratory of the International Institute of Tropical 

Agriculture (IITA), Ibadan, Nigeria to produce FB1 as 

described earlier [17]. The ground cultured maize was 

substituted for ground autoclaved, non-cultured maize in 

various proportions to formulate four diets containing 0.2, 

5.2 and 15.2 mg FB1/Kg as determined using the fumonisin 

CD-ELISA test kit (Neorgen Corp., USA) constituting diets 1 

(control), 2, 3 and 4 respectively. The diets were isocaloric 

and isonitrogenous and satisfied the nutritional specifications 

of breeder cocks [26]. After a 2-week physiological 

adjustment period, 60 pre-pubertal breeder cocks of about 16 

weeks of age sourced from a reputable commercial farm in 

Abeokuta, Ogun State, Nigeria were randomly allotted to the 

experimental diets in a completely randomized design such 

that each experimental diet had 15 breeder cocks replicated 

thrice with 5 cocks per replicate. The birds were individually 

housed in previously sanitized cages. The feeding trial was 

conducted at the Poultry Unit of the Teaching and Research 

Farm, University of Ibadan, Ibadan, Nigeria (7
0
20

1
N, 3

0
50

1
E, 

200m above sea level with an average day time temperature 

of 24-25
0
C and relative humidity of 80-85%) and lasted for 

16 weeks. The cocks were fed their respective diets ad 

libitum daily. Table 1 shows the gross composition of the 

experimental diets fed to the cocks.  

2.2. Evaluation of Pubertal Age 

At 22 weeks of age, all the breeder cocks in each treatment 

were subjected to semen collection training as described by 

Burrows and Quinn [3] and modified by Ogunlade [22]. 

Semen collection was conducted at 48hours interval for a 

period of two weeks to establish the exact period that puberty 

was attained by the cocks. A calibrated micro syringe was 

used to collect exudates from the papillae of the cocks. The 

exudate was smeared on a pre-warmed, clean glass slide and 

examined with a microscope for the presence of 

spermatozoa. The age at which spermatozoa were observed 

in the exudate of 50% of cocks in each treatment was 

considered as pubertal age. 

2.3. Evaluation of Tubular Diameter 

After the ages at puberty of the cocks were determined, all 

the breeder cocks were sacrificed. Their testes were carefully 

dissected and trimmed free of adhering fat and connective 

tissues. Half of the right testis of cocks in each treatment was 

taken and fixed in aqueous Bouin’s fixative (75ml of picric-

acid, 200ml of formalin and 5ml of glacia acetic acid) for 

24hours. Following fixation, the testes samples were 

subjected to further histological processes as described by 

Rowett [27]. The diameter of seminiferous tubules was 

determined by observing the vertical and horizontal 

diameters of randomly selected seminiferous tubules using a 

light microscope with calibrated eye piece. Twenty 

seminiferous tubules were observed in each testis sample and 

the average of the vertical and horizontal diameter of each 

seminiferous tubule was recorded as the diameter of such 

tubule. Precaution was taken to ensure that no seminiferous 

tubule was examined twice. 

2.4. Identification of Spermatogenic Elements 

The stages of transformations of the round spermatids to 

free spermatozoa were identified by a combined method of 

assessments of acrosome development as revealed by PAS 

technique [13] and by nuclear morphology shown by 

haematoxyline-eosin stained paraffin embedded tissues [6]. 

Sperm cells were identified at their different stages of 

development following their reactions to the staining 

procedures used. Spermatogonia were identified by their 

position next to the basement membrane and by their nuclear 

diameter. The spermatocytes were identified by their nuclear 

diameters and their positions in the seminiferous epithelium. 

The spermatids were recognized by the alteration of the 

shape and position of their nuclei following elongation. 

Sertoli cells were found closely adjacent of each other 

sandwiched by developing germ cells. 

2.5. Volumetric Proportions of Testicular Elements 

The volumetric proportions of testicular elements in the 

seminiferous epithelium were determined using the methods 

of Chakley [4]. A twenty-five point ocular graticule (Carl 

Zeirs, Oberkochen) was used in the estimation. Twenty 

microscopic fields were observed per slide under light 

microscope using X10-eye piece and X100 objective lenses 

(oil immersion).  

Table 1. Gross composition (%) of the experimental diets fed to the breeder cocks. 

Treatments 

Ingredients 
Diet 1 Diet 2 Diet 3 Diet 4 

0.2ppm FB1 5.2ppm FB1 10.2ppm FB1 15.2ppm FB1 

Non-Cultured Maize 40.00 38.26 36.52 34.78 

Cultured Maize  1.74 3.48 5.22 

Soyabean meal 29.20 29.20 29.20 29.20 

Soyabean meal 8.00 8.00 8.00 8.00 

Fish meal 2.00 2.00 2.00 2.00 

Oyster shell 1.00 1.00 1.00 1.00 

Salt (NaCl) 0.25 0.25 0.25 0.25 
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Treatments 

Ingredients 
Diet 1 Diet 2 Diet 3 Diet 4 

0.2ppm FB1 5.2ppm FB1 10.2ppm FB1 15.2ppm FB1 

Premixb 0.25 0.25 0.25 0.25 

Methionine 0.10 0.10 0.100 0.10 

Lysine 0.20 0.20 0.20 0.20 

Total 100.00 100.00 100.00 100.00 

Analysed Nutrients     

Crude Protein (%) 16.68 16.66 16.64 16.51 

Crude Fibre (%) 6.52 6.46 6.40 6.38 

Met. Energy (Kcal/kg) 2,561.84 2,515.32 2,472.61 2,441.28 

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: Part per 

million (equivalent of mg/kg). 

The following testicular elements were identified and classified accordingly; Spermatogonia A and B, Primary and 

Secondary spermatocytes, Round and Elongated spermatids, Spermatozoa, Sertolic cells, Basement membrane, Lumen, 

Interstitial cells and Cytoplasm. 

The volume of each element in the testis was estimated using the following formula: 

Volume	of	element �
Total	"hit"on	the	element	

Total	possible	"hits"	 � number	of	artifacts	"hit"
 

3. Results 

Figure 1 shows the age at puberty (in days) of breeder 

cocks fed graded levels of dietary fumonisin B1. The results 

revealed that cocks that were fed the control diet attained 

puberty on the 175
th

 day of age while cocks that were fed 

5.2ppm, 10.2ppm and 15.2ppm dietary fumonisin B1 became 

pubertal at 179
th

, 179
th

 and 195
th

 days of age respectively. 

Cocks fed 0.2 (control), 5.2 and 10.2ppm FB1 attained 

puberty two and half weeks earlier than cocks fed 15.2ppm 

FB1.  

 

Figure 1. Age at puberty (days) of breeder cocks fed graded levels of dietary fumonisin B1. 

Table 2 shows the diameters of seminiferous tubules of 

breeder cocks fed graded levels of dietary fumonisin. The 

mean tubular diameter (130.78µm) of the breeder cocks fed 

the control diet was significantly higher (P<0.05) than the 

diameter of 107.38, 104.05, 103.10µm obtained from the 

seminiferous tubules of cocks fed 5.2ppm, 10.2ppm and 

15.2ppm respectively. 
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Table 2. Effect of graded levels of dietary fumonisin B1 on the diameter of seminiferous tubules of breeder cocks. 

Treatments 

Parameter 
Diet 1 Diet 2 Diet 3 Diet 4 SEM 

0.2PPMFB1 5.2PPM FB1 10.2PPM FB1 15.2PPM FB1  

Diameter of Seminiferous Tubules (µm) 130.78a 107.38b 104.05b 103.10b 25.31 

Values shown on the table are means. 
a, b: Means differently superscripted across the row are significantly different (P<0.005). 

ppm: Part per million (equivalent of mg/kg). 

SEM: Standard error of means. 

The results of the volumetric proportions of testicular 

elements of breeder cocks fed graded levels of dietary FB1 

are presented in table 3. Results showed that the proportion 

of spermatogonia A and B in the testes of cocks fed diets 1 

and 2 were statistically similar but significantly (p<.05) 

superior to those of cocks fed diets 3 and 4. Cocks that were 

fed diet 4 had the least proportion (1.97 and 1.95% 

respectively) of both testicular elements. The pattern of 

influence of dietary FB1, levels on the round spermatids of 

the cocks were the same with spermatogonia A and B. The 

sertoli cells of cocks fed diet 4 were significantly depressed 

compared with those of cocks fed diets 1, 2 and 3. 

Significantly (P<0.05) higher basement membranes were 

obtained in the testes of cocks fed diets 3 (2.38%) and 4 

(2.42%) when compared with the basement membrane of 

cocks fed diets 1 (1.14%) and 2 (1.52%). The proportion 

occupied by lumen (5.17%) in the testes of cocks fed diet 1 

was significantly higher than those of cocks fed diet 4 

(2.53%). The proportion of cytoplasm in the testes of the 

experimental breeder cocks was significantly higher in the 

testes of cocks fed diet 4 (23.73%), followed by the 

cytoplasm of cocks on diet 3 (16.74%) while statistically 

similar values of 8.43% and 6.84% were obtained for cocks 

fed diets 2 and 1 respectively. 

Table 3. Volumetric Proportions (%) of testicular elements in breeder cocks fed graded levels of dietary fumonisin B1. 

Treatment 

Elements 
Diet 1 Diet 2 Diet 3 Diet 4 

SEM 
0.2ppmFB1 5.22ppmFB1 10.22ppmFB1 5.22ppmFB1 

Spermatogonia A 4.18a 4.01a 2.92ab 1.97b 0.80 

Spermatogonia B 6.66a 5.81a 3.90b 1.95c 1.44 

Primary Spermatocytes 19.22 20.38 20.19 20.56 13.77 

Secondary Spermatocytes 15.21 15.51 15.55 15.80 5.30 

Round Spermatids 15.28a 14.94a 11.53ab 9.39b 8.05 

Elongated Spermatids 14.02 15.50 15.59 15.97 2.95 

Spermatozoa 4.33 2.61 2.39 2.33 1.47 

Sertoli Cells 5.49a 4.90a 4.30a 1.76b 1.04 

Basement Membrane 1.14b 1.52 2.38a 2.42a 0.19 

Lumen 5.17a 4.09ab 3.04ab 2.53b 0.98 

Interstitial Cells 2.46 2.30 1.58 1.39 1.39 

Cytoplasm 6.84c 8.43c 16.74b 23.73a 3.53 

Values shown on the table are means. 
a, b, c: Means differently superscripted across the rows are significantly different (P<0.05). 

SEM: Standard error of means. 

ppm: Parts per million (equivalent of mg/kg). 

4. Discussion 

Pubertal age of the cocks was determined with respect to 

the presence of mature spermatozoa in the exudate obtained 

from the distal end of the papillae within the cloaca. Breeder 

cocks that were fed diet 1 (0.2ppm) attained puberty four 

days ahead of those fed diets 2 (5.2ppm) and 3 (10.2ppm) 

and twenty days ahead of cocks fed diet 4. Interestingly, 

breeder cocks fed diets 2 and 3 became sexually matured on 

the same day. The delay in attainment of puberty, particularly 

by cocks fed diet 4(15.2ppm) could be an indication of the 

possible detrimental effects of fumonisin on reproductive 

performance of breeder cocks. The results also suggests that 

dietary fumonisin B1 beyond the inclusion levels used in this 

study may have a more pronounced delay in attainment of 

sexual maturity in breeder cocks. Similar result of the 

detrimental effects of T-2 toxin on attainment of puberty in 

bob white quail was reported by Beasley [1]. The report of 

Ogunlade [22] that the motile sperm/ejaculate and percentage 

of live spermatozoa of breeder cocks fed 15.2ppm of dietary 

FB11 were adversely affected corroborates the results 

obtained in this study. 

Tubular diameter of the breeder cocks ranged from 

130.78µm for cocks on diet 1 to 103.10µm for cocks on diet 

4. The values of tubular diameter for the respective dietary 

treatments are correlated to their proportion of lumen and 

sertoli cells. This correlation may not be unconnected with 

the fact that sertoli cells serve to convey nutrients and 

metabolites between the spermatogenic cells and the peri-

tubular capillaries [15]. It can be inferred from the observed 

values that any diet that can influence the proportion of 

lumen and sertoli cells will influence the size of the 
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seminiferous tubules. 

Since the volumetric proportion of spermatogonia A and B 

significantly reduced with increased levels of dietary FB1, it 

is not unlikely that fumonisin B1 might have progressively 

impaired the mitotic divisions and development of both the 

primordial germ cells and spermatogonia A and B. The 

significantly low value reported [21] for the daily sperm 

production of the same beeder cocks fed 15.2ppm dietary 

fumonisin may be a reflection of the impaired 

spermatocytogenesis associated with dietary fumonisin. 

Similar result was reported for rabbits fed fumonisin 

contaminated diets [24]. Etchu and Egbunike [7] also 

reported that poultry exudates are very sensitive to dietary 

changes. 

The absence of significant treatment effects on primary 

and secondary spermatocytes obtained in the study are in 

agreement with the earlier reports of Nkanga [19], Nkanga 

and Egbunike [20]. 

The significant reduction in the proportion of sertoli cells 

of cocks fed diet 4 suggests that the nourishment provided 

during the morphological transformation of spermatids 

during spermiogenesis was impeded which subsequently 

lowered sperm production. Beasley [1] reported that 

impairment of spermiogenesis may result from inadequate 

production or transport of testosterone to the seminiferous 

tubule or a reduction in sertoli cell numbers necessary for the 

orchestration of spermiogenesis. The result obtained for 

basement membrane in this study are contrary to the findings 

of Gresson and Zlotnik [10] that exerts little or no effect on 

the proportion of basement membrane in the seminiferous 

tubules because vascular supply to the germinal epithelium is 

outside the basement membrane of the seminiferous tubules. 

The volumetric proportion of lumen was directly related to 

those of spermatozoa and sertoli cells. Once the proportion of 

spermatozoa and sertoli cells is high, there must be a 

corresponding increase in the proportion of and size of the 

lumen to accommodate the released spermatozoa. 

5. Conclusion 

This study has shown that feeding diets containing 

fumonisin B1 (FB1) at a concentration 10.2ppm to cocks 

intended for breeding purpose for a 4 month period will delay 

attainment of puberty, significantly reduce the tubular 

diameters and volumetric proportions of some testicular 

elements in such cocks, thereby limiting their fertility 

capacity The results also suggests that dietary fumonisin B1 

beyond the inclusion levels used in this study may have a 

more pronounced adverse effect on the reproductive 

potentials of breeder cocks. 

Acknowledgements 

I wish to express my profound gratitude to member of staff 

of the Mycotoxin Laboratory, International Institute of 

Tropical Agriculture (IITA), Ibadan, Nigeria for their 

technical assistance. 

 

References 

[1] Beasley, V. 1999. Effects of fungal mycotoxins on tissues 
reproductive performance in bobwhite quail, In: Veterinary 
Toxicology. Beasley, V (Ed.) International Veterinary 
Information Service, Ithacha, N. Y. 1999; A2628.0899 

[2] Bradlaw, J., Pritchard, D., Flynn, T., Eppley, R., and Stack, M. 
1994. In- vitro assessment of fumonisin B1 toxicity using re-
aggregated cultures of chick embryo neura retina Cells 
(CERC). In-Vitro Cell Dev. Biol. 30A, 92. 

[3] Burrows, W. H., and Quinn, J. P. 1937. The Collection of 
Spermatozoa from the domestic fowl and turkey. Poult. Sci. 
16: 19 

[4] Chalkley, H. W. 1943. Method for quantitative, morphologic 
analysis of tissues. J. Natl. Cancer Inst. 4: 47-53. 

[5] Colvin, B. M., and Harrison, L. R. 1992. Fumonisin-induced 
pulmonary oedema and hydrothorax in swine. 
Mycopathologia, 117: 79-82. 

[6] De-Reviers, M. 1971. Less Development Testicular chez le 
coq. III. Influence de la duree Quotidienae declairement sous 
photoperiods constants. Am. Biol. Anim. Biochem. Biophy. 14: 
591-660. 

[7] Etchu, K. A., and Egbunike, G. N. 2002. Effects of processed 
sweet potato on the performance of broiler birds in the humid 
tropic during the rainy season. Trop. Anim. Prod. Invest. 5 (1): 
67-78. 

[8] Gbore, F. A. 2009. Reproductive Organs weight and Semen 
Quality of Pubertal boars fed dietary fumonisin B1. Animal, 
3( 8): 1133-1137. 

[9] Gelderblom, W. C. A., Kriek, N. P. J., Marasas, W. F. O., and 
Thiel, P. G. 1991. Toxicity and carcinogenicity of the 
Fusarium moniliforme metabolite, fumonisin B1 in rats. 
Carcinogenesis, 12: 1247-1251. 

[10] Gresson, R. A. R., Zlotnik, I. 1948. Formation of Spermatozoa. 
Quart. J. Microbiol. Sci. 89: 219     

[11] Harrison, L. R., Colvin, B.M., Greene, J. T., Newman, L. E., 
and Cole, J. R Jr., 1990. Pulmonary oedema and hydrothorax 
in swine produced by fumonisin B1, a toxic metabolite of 
Fusarium moniliforme. J. Vet. Dign. Invest. 2: 217-221. 

[12] Kellerman, T. S., Marasas, W. F. O., Thiel, P. G., Gelderblom, 
W. C. A., Cawood, M., and Coetzer, J.A.W., 1990. 
Leukoencephalomalacia in two horses induced by oral dosing 
of fumonisin B1. Ondersterpoort J.Vet. Res. 57: 269-275. 

[13] Leblond, C. P., and Clermont, Y. 1952a. Spermatogenesis of 
rat, mouse, hamster and guinea pig as revealed by the periodic 
acid function Sulfurous acid technique. Am. J. Anat. 90: 167-
215. 

[14] Marasas, W. F. O., Kellerman, T. S., Gelderblom, W. C. A., 
Coetzer, J. A. W., Thiel, P. G., and Van DerLugt, J. J. 1988. 
Leukoencephalomalacia in a horse induced by fumonisin B1 
isolated from Fusarium moniliforme. Onderstepoort Journal 
of Veterinary Research. 65: 197-203. 

[15] McDonald, L. E. 1989. The Biology of Sex. In: Veterinary 
endocrine and reproduction. McDonald, L.E. and Pineda, M. 
H. (Eds). 4th ed. Lea and Febiger, Philadelphia, London, 1989. 



 Animal and Veterinary Sciences 2019; 7(2): 46-51 51 

 

[16] Murphy, P. A., Rice, L. G., and Ross, P. F 1993. Fumonisin 
B1, B2 and B3 content of Iowa, Wisconsin and Illinois corn 
and corn screenings. J. Agric. Food Chem. 41: 263-266. 

[17] Nelson, P. E., Juba, J. H., Ross, P. F., and Rice, L. G., 1994. 
Fumonisin production by Fusarium species on solid substrates. 
J. Assoc. Off. Anal. Chem. Int. 77: 522-524. 

[18] Nelson, P. E., Platner, R. D., Shackelford, D. D., and 
Desjardins, A. E., 1991. Production of Fumonisin by 
Fusarium moniliforme strains from various substrates and 
geographical areas. Appl. Environ. Microbiol. 57: 2410-2412. 

[19] Nkanga, E. E. 1989. Breed and seasonal influences on the 
reproductive potential of the cock in humid tropical 
environment. Ph. D Thesis. Animal Science Department, 
University of Ibadan, Nigeria. 

[20] Nkanga, E. E. and Egbunike, G. N. 1990. Cytology and the 
cycle of the seminiferous epithelium in the cock (Gallus 
domesticus). Trop. Animal. Prod. Invest. 1: 88-100. 

[21] Ogunlade, J. T. 2019. Gonadal, extra gonadal sperm reserve 
and daily sperm production of breeder cocks fed graded levels 
of dietary fumonisin B1. International Journal of Animal 
Research. 3 (22): 1-7 

[22] Ogunlade, J. T., 2015. Effects of dietary fumonisin B1 on 
reproductive organs and semen quality indices of breeder 
cocks. Journal of Biology, Agriculture and Health Care. 6: 
28-33. 

[23] Ogunlade, J. T. and Egbunike, G. N., 2013. Fumonisin 
mycotoxicity in laying hens: Haematology, serum 
biochemistry and organ characteristics. Glob. Adv. Res. Jour. 
Of Env. Sc. And Toxicol. 2 (2): 47-53 

[24] Ogunlade, J. T., Ewuola, E. O., Gbore, F. A., Bandyopadhyay, 
R., Niezen, J., and Egbunike, G.N. 2006. Testicular and 
epididymal sperm reserves of rabbits fed fumonisin 
contaminated diets. World Appl. Sci. J. 1 (1): 35-38. 

[25] Ogunlade, J. T., Ewuola, E. O., Gbore, F. A., Olawumi, S. O., 
David, O. M., and Egbunike, G. N. 2013. Growth 
Performance and Egg Quality traits of laying hens fed graded 
levels of dietary fumonisin B1. IOSR Journal of 
Environmental Science, Toxicology and Food Technology 3 
(2): 83-88. 

[26] Oluyemi, J. A., and Roberts, F. A. 2000. Poultry production in 
Warm Wet Climate, 2nd ed. Spectrum Books Limited, Ibadan, 
Nigeria Pp. 1-7. 

[27] Rowett, H. G. Q. 1962. Histology and embryology 2nd ed. 
John Murray (Pub.) Ltd., London. 72Pp. 

[28] Shepard, G. S., Thiel, P. G. Stockenstrom, S., and Sydenham, 
E. W., 1996. Worldwide Survey of fumonisin contamination 
of corn and corn-based products. J. Assoc. Off. Anal. Chem. 
Int., 79: 671-687. 

 

. 

 


