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Abstract

An experiment was conducted to investigate the implications of fumonisin B;(FB;), a toxic metabolite of
Fusarium verticillioides consumed by farm animals, on reproductive organs and semen quality indices of breeder
cocks in a sixteen-week feeding trial. Sixty pre-pubertal breeder cocks of about 16 weeks of age were randomly
assigned to four diets containing 0.2, 5.2, 10.2 and 15.2 mg FB,/kg constituting diets 1,2,3 and 4 respectively. At
puberty, semen samples were collected from the cocks for three weeks and evaluated. Subsequently, the cocks
were killed by decapitation, their reproductive systems carefully removed, weighed and recorded. The absolute
and relative weights of the testes, epididymides and tunica albuginea of the cocks were not significantly(p>0.05)
influenced by the dietary FB; levels. However, the weights of the left parts of these organs were apparently
heavier than those on the right side. The spermatozoa progressive motility, live spermatozoa, motile sperm per
ejaculate and mass activity of the semen were significantly(p<0.05) depressed as the dietary FB, levels increased.
Dietary FB,did not significantly influence the ejaculate volume, spermatozoa concentration and total
spermatozoa output. The live spermatozoa of cocks fed diets 2,3 and 4 were 90.10, 88.57 and 87.25% of those
fed the control diet(1) respectively. The mass activity ranged from very turbulent motion for the cocks on control
diet to slow motion for those on diet 4. This study revealed that exposure of cocks to be used for breeding
purpose to dietary FB; higher than 10.2ppm will impair the fertility capacity of their semen.
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1. Introduction

Animal production is mostly dependent on animal reproduction which ensures the multiplication of animals and
hence, the perpetuation of the species (Ogunlade ef al., 2006). As the demand for animal flesh continues to
increase, the necessity for increasing the reproductive efficiency of livestock becomes more evident.
Unfortunately, available data on livestock production in Nigeria clearly indicate that we are far from the
biological potential for rate and efficiency of gain, fertility and breeding efficiency (Gbore, 2009).

Among other factors, the quality of ingredients used in ration formulation plays a vital role in the
regulation of the reproduction capacity of animals. For effective animal reproduction, optimal production and
quality of semen are of great importance especially when artificial insemination is used for poultry breeding
programmes. Unfortunately the presence of mycotoxins in the feed and some feedstuffs with their attendant
adverse influence on performance and reproductive efficiency of livestock (Egbunike, 1995) is a limiting factor.
Petzingher and Weidenbach, (2002) reported that toxins with oestrogenic effects were observed to adversely
affect breeding.

Fusarium verticilloides (sacc.) Nirenberg is one of the most prevalent fungi associated with human and
animal dietary staples such as maize (Marasas ef al., 1984; Nelson et al., 1991). This species of fungus produces
the novel mycotoxin, fumonisin, and Shephard et al., (1996) reported that maize (the major cereal used as an
energy source in poultry) is the only commodity that contains significant amounts of fumonisin.

Although, several naturally occurring fumonisins are known, fumonisin B; (FB;) has been reported to
be the most abundant and most toxic which represents approximately 70% of the total concentration in naturally
contaminated foods and feeds (Murphy et al., 1993)

Available studies have implicated fumonisins to be hepatotoxic, carcinogenic, nephrotoxic, and
mutagenic (Harrison et al., 1990; Kellerman et al., 1990; Marasas et al., 1998).

Concern about the reproductive and developmental effects of fumonisins originated with the
observation of abortions in pregnant sows fed fumonisin contaminated diets (Harrison ef al., 1990), the report of
Bradlaw et al., (1994) that 1.8pg fumonisin/ml inhibited re-aggregagtion and growth of chicken embryo neura
retina cells and the report of Javed et al., (1993) that injection of purified FB, into fertile chicken eggs resulted in
time-and dose-dependent embryophatic and embryocidal effects.

With the above in mind and the fact that little is known about the potential for fumonisin to influence
reproductive performance in cocks, this study was designed to evaluate the effects of graded levels of dietary
fumonisin B, on the reproductive organs weight and seminal quality in breeder cocks.
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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 FB, as
described earlier (Nelson et al., 1994). 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 mg FB/kg as
determined using the fumonisin quantitative 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 (Oluyemi & Robert, 2000). 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 randomised design such
that each experimental diet had 15 breeder cocks replicated thrice with 5 cocks per replicate. The birds were
individually housed in previously sanitised cages.

The feeding trial was conducted at the Poultry Unit of the Teaching and Research Farm, University of
Ibadan, Ibadan, Nigeria (7°20'N, 3°50'E, 200m above sea level with an average day time temperature of 24-25°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. Semen Collection and Evaluation

At 22 weeks of age, all the cocks in each treatment were subjected to the double hand lumbar massage system of
Burrows and Quinn (1937) for the purpose of training cocks for semen collection and to establish the age at
puberty for the cocks. Semen collection for analyses started when cocks were 25 weeks old (one week after
attaining puberty) and semen samples were collected from each cock at 72 hours interval for a period of three
weeks. Ejaculate from each cock was collected with a calibrated micro syringe and the ejaculate volume was
read off directly in the calibrated micro syringe to the nearest 0.01ml and recorded. Semen colour was evaluated
by visual appraisal directly from the collection syringe under natural light. The colour was rated from creamy
white to translucent. The mass activity of the spermatozoa of each cock was determined by placing a drop of
undiluted semen of each cock on a clean, pre-warmed (37°) glass slide and examined with a microscope, under
low power. This was scored according to the intensity of the wave motion, from absence of wave motion (0) to
slow motion (+), rapid motion (+ +) and turbulent motion (+ + +) characterised by the appearance of dark
prominent wave in a rapid motion. The spermatozoa progressive motility was evaluated as described by Kastelic
et al., (2001). Evaluation of semen for spermatozoaconcentration was done according to the method of Zaneveld
and Polakoski (1977) and percent live spermatozoa was determined as described by (Gbore, 2009).

2.3. Testicular and Epididymal Characteristics

At the end of semen collection and evaluation, all the breeder cocks were sacrificed and their reproductive
system carefully dissected. The testes, tunica albuginea and the epididymides were then carefully trimmed free
of adhering fat and connective tissues, weighed and recorded. The relative weight of these organs (expressed as
percentage of live weight) were determined.

2.4. Statistical Analysis

The design of this experiment is Complete Randomised Design. Data obtained were subjected to standard
statistical analysis using ANOVA procedure of Statistical Analysis Systems Institute (SAS, 1999) while the
treatment means were compared using the Duncan’s Multiple Range Test of SAS (1999).

3. Results

Table 2 shows the testicular and epididymal characteristics of breeder cocks fed graded level of fumonisin B;.
The results revealed that the testes, epididymides and tunica albuginea weights of the cocks were not
significantly (P>0.05) influenced by the dietary FB; levels. However, the weights of the left testis, left
epididymis and left tunica albuginea of the cocks appeared to be superior to the weight of those on the right side
across the treatments. The semen characteristics of breeder cocks fed graded levels of dietary FB; are shown in
Table 3. The spermatozoa progressive motility, percent live spermatozoa, motile sperm per ejaculate and mass
activity were significantly (P<0.05) altered by the dietary FB,; levels. The progressive motility decreased
significantly as the levels of dietary fumonisin B1 increased. Cocks fed the control diet had the highest
spermatozoa motility (67.20%) while those fed diet 4 had the least (61.60%). The percent live spermatozoa of
cocks fed diets 2, 3 and 4 were 90.10%, 88.57% and 87.25% of those on the control diet (1) respectively. The
mass activity ranged from very turbulent motion for the cocks on the control diet to slow motion for those on
diet 4. Number of motile sperm per ejaculate of the cocks decreased significantly as the dietary FB, increased.
The pattern of decrease followed the same trend with the spermatozoa progressive motility. Semen colour was
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not significantly influenced by the dietary FB, levels across the treatments. Although the ejaculate volume,
spermatozoa concentration and the total spermatozoa output tended to decline as the dietary FB, increased, the
parameters were not significantly influenced among the treatments.

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

Treatment
Ingredients
Diet 1 Diet 2 Diet 3 Diet 4
0.2ppm FB, 5.2ppm FB, 10.2ppm FB, 15.2ppm FB,
Non-Cultured Maize 40.00 38.26 36.52 34.78
Cultured Maize® - 1.74 3.48 5.22
Wheat Offals 29.20 29.20 29.20 29.20
Soybean meal 8.00 8.00 8.00 8.00
Fish meal 2.00 2.00 2.00 2.00
Palm Kernel Cake 17.00 17.00 17.00 17.00
Bone meal 2.00 2.00 2.00 2.00
Oyter shell 1.00 1.00 1.00 1.00
Salt (NaCl) 0.25 0.25 0.25 0.25
Premix” 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
Analysed Nutrients
Crude Protein (%) 16.68 16.66 16.64 16.51
Crude Fibre (%) 6.52 6.46 6.40 6.38
Met. Energ (Kcal/kg) 2,561.84 2,515.32 2,472.61 2,441.28

* Inoculated with Fusarium verticillioides

" To provide per kg of diet: Vit. A (8,000i.u); Vit. D3 (2,000i.u); Vit .E(5 iu); Vit. K(3.2mg);Choline
chloride(3,000mg);  Folic  acid(0.5mg); Mn(S6émg); I(Img); Fe(20mg); Cu(10mg);  Zn(50mg);
Co(1.25mg);Riboflavin(4.2mg); Vit. B12(0.01mg); Pantothenic acid(5Smg); Nicotinic acid(20mg);  ppm: Part
per million (equivalent of mg/kg).

Table 2: Testicular and epididymis characteristics of breeder cocks fed graded levels of dietary FB,;

Treatment

Parameters

Diet 1 Diet 2 Diet 3 Diet 4 SEM

0.2ppm FB; 5.2ppm FB; 10.2ppm FB; 15.2ppmFB,

Live Body Weight (kg) 2.40 2.38 2.44 2.42 90.96
Right Testis Weight (g) 12.35 12.06 13.32 12.28 1.79
Left Testis Weight (g) 12.66 12.55 12.47 12.35 1.76
Paired Testes Weight (g) 25.01 24.61 24.79 24.63 3.50
Rel*. Paired Testes Weight (%) 2.00 2.00 2.00 2.00 0.07
Right Epididymis Weight (g) 1.78 1.68 1.70 1.59 0.33
Left Epididymis Weight (g) 1.86 1.71 1.65 1.60 0.32
Paired Epididymis Weight (g) 3.64 3.39 3.35 3.19 0.62
Rel*. Paired Epididymis Wt. (%) 0.15 0.14 0.14 0.13 0.02
Right Tunica Albuginea Weight (g) 0.70 0.62 0.69 0.53 0.11
Left Tunica Albuginea Weight (g) 0.71 0.64 0.70 0.60 0.30
Paired Tunica Albuginea Weight (g) 1.41 1.26 1.39 1.13 0.09
Rel*. Paired Tunica Albuginea Weight (g)  0.06 0.05 0.06 0.05 0.01

Values shown on the table are means. SEM : Standard Error of Means,
* Relative to Live Weight, ppm: Part per million ( equivalent of mg/kg)

4. Discussion

4.1. Reproductive organs’ weight

In this study, the live body weight of the cocks, the absolute and relative weight of the testes, epididymides and
tunica albuginea of the breeder cocks fed graded levels of dietary FB; were not statistically different among the
treatments. Since all the cocks used in this investigation were of similar age and breed, the non significant
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influence of dietary FB; on the weight of the testes, tunica albuginea and epididymides is consistent with the
report of Colenbrander and Kemp (1990) that testes size is directly related to age of the animal. Ogunlade et al.,
(2006) reported that testes weights of rabbits fed fumonisin contaminated diet were not significantly affected
regardless of the treatment.

Similarly, Gbore (2009) observed and reported a non-significant difference in the gross and relative
weights of the testes and epididymides of the boars exposed to varied levels of FB,. The paired testes weight of
the cocks across the treatments were within the range of normal values (14-60grammes) reported by Hafez (1993)
and comparable with those reported for White Rock, Rhode Island Red and White Leghorn by Egbunike and
Oluyemi (1979) and Nkanga (1989).

In this study, the absolute weights of the right and left testes, epididymides and tunica albuginea were
statistically similar (Clulow and Jones, 1982), however, the left organs (testes, epididymides and tunica
albuginea) were observed to be heavier than the right organs across the treatments. Similar observation was
reported by Nkanga (1989) for cocks, Egbunike (1998) for boar and Ogunlade et al., (2006) for rabbit fed
fumonisin contaminated diet. These results are however contradictory to the report of king and Mc Lelland
(1975).

Table 3: Semen characteristics of breeder cocks fed graded levels of dietary FB,

Treatment
Parameters
Diet 1 Diet 2 Diet 3 Diet 4 SEM
0.2ppm FB; 5.2ppm FB; 10.2ppm FB,; 15.2ppm FB,
Ejaculate Volume (ml) 0.12 0.11 0.11 0.11 0.002
Spermatozoa Progressive Motility (%) 67.20° 65.00" 62.60 61.60° 1.70
Spermatozoa Concentration (x10’/ml) 33.01 30.00 31.00 30.00 1.01
Total Sperm/ejaculate (x10°) 39.50 33.00 33.09 33.04 1.27
Motile Sperm/ejaculate (x10°) 22.24° 22.31% 21.22% 20.35° 1.08
Live Spermatozoa (%) 91.00° 82.00° 80.60" 79.40° 0.48
Semen Colour Creamy Creamy Creamy Creamy
white white white white
Mass Activity +++ ++ ++ +

a, b, ¢ : Means differently superscripted across the row are significantly(p<0.05) different. SEM : Standard Error
of Means, ppm : Part per million (equivalent of mg/kg)
++ +: Very turbulent motion;  + + : Rapid wave motion;  + : Slow wave motion.

4.2. Semen quality indices

The spermatozoa progressive motility decreased significantly with increased levels of dietary FB,. This result
suggests that biochemical and physiological changes might have occured in cocks consuming 15.2ppm dietary
FB, resulting in the depression of nutritive substances for sperm motility and viability in the seminal fluid.
Ogunlade ef al., (2004) observed poor digestion, poor absorption and poor utilization of protein in rabbits fed
high level of dietary fumonisin. Similar observation was reported for pig by Gbore and Egbunike (2007).
However the results obtained for spermatozoa motility in this study were superior to 37.1% reported by
Nwakalor et al., (1986) but comparable with 64% motility reported by Ledec ef al., (1981) and those reported for
local and exotic cocks (Nkanga, 1989). The results were however inferior to 81.67% and 70% reported by
(Gbore 2009) for boars fed 0.2 and 5.0 mg FB, respectively and those of Egbunike and Nkanga (1999). This may
be due to differing susceptibility of both animal species to the mycotoxin as observed by Voss et al., (1996.)

The apparent lack of significant difference in the spermatozoa concentration of the experimental cocks across the
treatments suggests that they were potentially fertile as their spermatozoa concentration were more than the
minimum number of sperm, 100 million (Munro, 1938), 40 — 70 million (Taneja and Gowe, 1962), 25 million
(De Reviers and Williams, 1981) required for optimum fertility in natural mating. For artificial insemination
programmes and by the recommendation of 25 million spermatozoa (De-Reviers and Williams, 1981) for high
level of fertility in chickens, it thus implies that spermatozoa concentration obtained from the cocks in this study
will successfully inseminate 13 hens for breeder cocks on diet 1 as against 12 hens for breeder cocks on diet 4.
This result further suggested that spermiogenesis was not impaired in the cocks across the treatments. However,
Beasley (1999) obtained a significant reduction in spermatozoa concentration of bob white quails fed T-2 toxin
treated diet.

Huang and Johnson (1996) established that there is a positive relationship between testicular size and
sperm production. It then implies that males with large testes would produce superior ejaculate volume, and total
spermatozoa per ejaculate.

The apparent lack of statistical significance in the ejaculate volume and total sperm per ejaculate of
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cocks fed 0.2ppm dietary FB; which also have the heaviest testes as compared to cocks fed other diets may be
occasioned by the failure of fumonisin B, to induce any significant depression in the weights and contents of the
testes of cocks fed higher levels of dietary FB, compared to those fed 0.2ppm FB;. Although the ejaculate
volume obtained for the cocks in this study were considerably lower than the 0.34ml and 0.25ml obtained by
Nkanga (1989) for exotic and local breeds of cocks respectively and 0.58ml and 0.80ml reported by Nwagu et al.,
(1996) for White and Red Rhode Island Red cocks respectively, the ejaculate volume however fell within the
range of 0.1 to 1.0ml reported for cocks by Sturkie (1970). Factors such as age, method of semen collection and
amount of seminal fluid in the semen as reported by (Ledec et al, 1981) may be responsible for the existing
variation in the ejaculate volume in this study and those of others.

The pattern and mode of influence of dietary FB; on motile sperm per ejaculate followed the same
trend with spermatozoa progressive motility. The significantly lower motile sperm per ejaculate of the cocks fed
diet containing 15.2ppm dietary FB; may be attributed to the adverse effect of dietary FB; on spermatozoa
motility. Semen colour was consistent irrespective of dietary FB, levels and fell within the normal colour range
reported by Sturkie (1970). The slow swirling characteristics in the mass activity of breeder cocks fed 15.2pp
dietary FB, is directly related to the motility of the spermatozoa and may be fumonisin concentration dependent.

5. Conclusion

This study has shown that dietary FB; adversely affected spermatozoa progressive motility, motile sperm per
ejaculate and live spermatozoa in cocks. The exposure of cocks to be used for breeding purpose to dietary FB,
higher than 10.2ppm may result in significant depression in spermatozoa motility and live spermatozoa, which
might impair fertility capacity of cocks.

Acknowledgements.

I sincerely appreciate the contributions of Dr. R. Bandyopadhyhay, Mr. O. Ayinde and other members of staff of
Mycotoxin Laboratory, International Institute of Tropical Agriculture (IITA), Ibadan, for the supply of Fusarium
verticillioides inoculums and the quantification of the toxin in the experimental diets.

References

Beasley, V., 1999. Effects of fungal mycotoxins on tissues reproductive performance in bob white quail, in :
Beasley, V. (Ed.), Veterinary Toxicology. International Veterinary Information Service, Itacha, N. Y.
1999; A2628.0899.

Bradlaw, J., Pritchard, D., Flynn, T., Eppley, R., Stack, M., 1994. In vitro assessment of fumonisin B; toxicity
using reaggregate cultures of chick embryo neural retina cells (CERC). In Vitro Cell Dev. Biol. 30A,
92

Burrows, W. H., Quinn, J. P., 1937. The collection of spermatozoa from the domestic fowl and turkey. Poult. Sci.
16, 19.

Clulow, J., Jones, R. C., 1982. Production, transport, maturation, storage and survival of spermatozoa in the male
Japanese quail. J. Reprod. Fert. 64 ,259-266.

Colenbrander, B., Kemp, B., 1990. Factors influencing semen quality in pigs. J. Reprod. Fert. 40 (suppl.), 105-
115.

De Reviers, M., Williams, J., 1981. Predicting the adult daily sperm output after the first ejaculation in cockerels
raised under different photo schedules. Reprod. Nutr. Develop. 21 (6B), 1113-1124.

Egbunike, G. N., 1995. A toast for spermatozoa: one half the story of mammalian life. An inaugural lecture.
University of Ibadan, Ibadan, Nigeria, pp.43.

Egbunike, G. N., 1998. Sperm Production in the Boar acutely exposed to direct Tropical Sunlight. Trop. Vet., 16,
149-153.

Egbunike, G. N., Nkanga, E. E., 1999. Effect of breed and season on the semen characteristics of the cock in the
Humid Tropics. Trop. J. Anim. Sci. 1 (1), 127-134.

Egbunike, G. N., Oluyemi, J. A., 1979. Comparative studies of the reproductive capacity of Nigerian and exotic
poultry breeds. Nig. J. Anim. Prod. 6(1 and 2), 47-51.

Gbore, F. A., 2009. Reproductive organs weights and semen quality of pubertal boars fed dietary fumonisin B;.
Animal. 3 (8), 1133-1137.

Gbore, F. A., Egbunike, G. N., 2007. Influence of dietary fumonisin B, on nutrient utilization by growing pigs.
Livestock Research for Rural Development 19, Article 93. Retrieved July 6, 2007, from
http://www.cpav.org.co/lrrd/19/7/gbor19093.htm.

Hafez, E. S. 1993. Physiology of Reproduction in Poultry, in: Hafez, E.S.E. (ed.), Reproduction if Farm animals.
Sixth ed. Lea and Febiger, Philadelphia, pp 385-402.

Harrison, L. R., Colvin, B. M., Greene, J. T., Newman, L. E., Cole, J. R. Jr., 1990. Pulmonary Oedema and
hydrothorax in swine produced by fumonisin B, a toxic metabolite of Fusarium moniliforme. J. Vet.

32



Journal of Biology, Agriculture and Healthcare www.iiste.org
ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) may
Vol., No.6, 2015 Ils E

Diagn. Invest. 2, 217-221.

Huang, Y. T., Johnson, R. K., 1996. Effect of selection for size of testis in boars on semen and testis traits.
Journal of Animal Science. 74, 750-760.

Javed, T., Richard, J. L., Bennet, G. A., Dombrink-Kurtzman, M. A., Bunte, R. M., Koelkebec, K. W., Cote, L.
M., Leeper, R. W., Buck, W. B., 1993. Embryophatic and Embryocidal effects of purified fumonisin
B, or Fusarium proliferatum culture material extract on chicken embryos. Mycopathologia. 123, 185-
193.

Kastelic, J. P., Cook, R. B., Pierson, R. A., Coulter, G. H., 2001. Relationships among scrotal and testicular
characteristics, sperm production and semen quality in 129 beef bulls. Canadian Journal of Veterinary
Research. 65, 111-115.

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

King, A.S., Mclelland, J., 1975. Outlines of avian Anatomy. Bailliere Tindall, London. pp. 74-77.

Ledec, M. C., Suka, J., Skrobanek, P., 1981. Anim. Breed. Abstr. 49(7), 4284.

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

Marasas, W. F. O., Kriek, N. P. J., Finchain, J. E., Van Rensburg, S. J., 1984. Primary liver cancer and
oesophageal basal cell hyperplasia in rats caused by Fusarium moniliforme. Int. J. Cancer. 34 , 383-
397.

Munro, S. A., 1938. The effect of dilution and density on the fertilizing capacity of fowl semen suspension. Can.
J. Res. 16, 281-299.

Murphy, P. A., Rice, L. G., Ross, P. F., 1993. Fumonisin By, B,, and Bs, content of lowa, Wisconsin and Illinois
corn and corn screenings. J. Agric. Food Chem. 41, 263-266.

Nelson, P. E., Juba, J. H., Ross, P. F., Rice, L.G., 1994. Fumonisin production by Fusarium species on solid
substrates, Journal of the Association of Official Analytical Chemists International. 77 , 522-524.

Nelson, P. E., Plattner, R. D., Shackelford, D. D., Desjardins, A. E., 1991. Production of fumonisin by Fusarium
moniliforme strains from various substrates and geographic areas. Appl. Environ. Microbiol. 57, 2410-
2412.

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.

Nwagu, B. 1., Rekwot, P. 1., Abubakar, B. Y., Oni, Adeyinka, I. A., Egbuedo, U. C., 1996. Semen characteristics
of Rhode Island Red and White Breeder Cocks. Nig. J. Anim. Prod. 23, 15.

Nwakalor, L. N., Okere, G. G., Njoku, D. C., 1986. Semen characteristics of guinea fowl (Numida meleagris). J.
Anim. Prod. Proc. Ahmadu Bello University, Zaria, March, pp 23-27

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

Ogunlade, J. T., Gbore, F. A., Ewuola, E. O. Idahor, K. O., Salako, A. O., Egbunike, G. N., 2004. Biochemical
and haematological responses of rabbits fed diets containing micro doses of fumonisin. Trop. J. Anim.
Sci. 7 (1), 169-176.

Oluyemi, J. A., Roberts, F. A., 2000. Poultry Production in Warm Wet Climates, second ed. Spectrum Books
Limited, Ibadan, Nigeria, pp. 1-7.

Petzinger, E., Weidenbach, A., 2002. Mycotoxin in the food chain: The role of Ochratoxins. Livestock
Production Science. 76, 245-250.

SAS Institute Inc., 1999. SAS/STAT User’s Guide. Version 8 for windows. SAS Institute Inc.

Shephard, G. S., Thiel, P. G., Stockenstrom, S., Sydenham, E. W., 1996. Worldwide survey of fumonisin
contamination of corn and corn-based products. J. Assoc. Off. Anal. Chem. Int. 79, 671-687.

Sturkie, P. D., 1970. Respiration in Birds, in: Swenson, M. J.(Ed.), Duke’s physiology of domestic animals, eight
ed. Publishing Assoc. New York.

Taneja, G. C., Gowe, R. S., 1962. Effect of varying doses of indicated semen on fertility and hatchability in the
domestic fowl. J. Reprod. Fert. 4, 161-174.

Voss, K. A., Bacon, C. W., Herbert, R. A., Chapin, R. E., Chamberlain, W. J., Plattner, R. D., Merdith, F. .,
1996. Studies on the reproductive effects of F. Moniliforme culture materials in rats and the bio
distribution of (**C) fumonisins B, in pregnant rats. Nat. Toxins. 4, 24-33.

Zaneveld, L. I. D., Polakoski, K. L., 1977. Collection and physical examination of the ejaculate, in: Hafez, E. S.
E.(ed.), Techniques of human andrology. Elsevier/North Holland Biomedical Press, Amsterdam, The
Netherlands, pp. 147-172.

33



The IISTE is a pioneer in the Open-Access hosting service and academic event management.
The aim of the firm is Accelerating Global Knowledge Sharing.

More information about the firm can be found on the homepage:
http://www.iiste.org

CALL FOR JOURNAL PAPERS
There are more than 30 peer-reviewed academic journals hosted under the hosting platform.

Prospective authors of journals can find the submission instruction on the following
page: http://www.iiste.org/journals/ All the journals articles are available online to the
readers all over the world without financial, legal, or technical barriers other than those
inseparable from gaining access to the internet itself. Paper version of the journals is also
available upon request of readers and authors.

MORE RESOURCES

Book publication information: http://www.iiste.org/book/

Academic conference: http://www.iiste.org/conference/upcoming-conferences-call-for-paper/

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische Zeitschriftenbibliothek
EZB, Open J-Gate, OCLC WorldCat, Universe Digtial Library , NewJour, Google Scholar

c Je‘ m l\l)l\C(())Ht\l(l\
I'OS

O ULRICHS\WEE  JournalTOCs |

£ 2 ¥ Elektromsche
008 Zeitscnnftendibliothek
( ) ¥/ \ "y
(’C\ | | LR
) A e

oCLC WF [ IBRARY

WorldCat



http://www.iiste.org/
http://www.iiste.org/journals/
http://www.iiste.org/book/
http://www.iiste.org/conference/upcoming-conferences-call-for-paper/

