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ABSTRACT 
 
 

Broiler parent stock are selected to ensure that good characteristics will be passed to the offspring 

but management of broiler breeder birds is different to that of broiler chickens. Feeding broiler 

breeders ad libitum can result in body weight-related consequences such as musculo-skeletal 

disorders and the inability to mate successfully during natural mating. There is an age-related 

decline in fertility observed in broiler breeder flocks after 40 weeks of age. Management 

techniques such as feed restriction and spiking have therefore been employed to prolong and 

maintain fertility of breeders with increasing age.  

 

Feeding a female ration to male broiler breeders may negatively affect reproductive efficiency. 

The possibility that excess nutrients supplied to male broiler breeders influence fertility cannot be 

ignored because male fertility has a significant impact on overall flock fertility. Because the female 

broiler breeder has a higher requirement of protein and calcium, the effects of these on fertility of 

males fed a female ration are worth considering. 

 

The objective of this experiment was therefore to assess the effects of feeding four different diets, 

keeping feed allocation constant to result in 2 levels of crude protein intake and 2 levels of calcium 

intake (HP: LC, LP: HC, HP: HC, LP: LC) on semen quality of male broiler breeders in the 

production phase.  

 



 

iii 
 

An increase in crude protein intake significantly increased (p<0.05) body weight of male broiler 

breeders after 41 weeks of age with birds fed HP: LC, LP: HC and LP: LC being significantly 

different to males fed HP: HC. There was a significant CP x Ca intake interaction on male broiler 

breeder bodyweight after 52 WOA.  

 

There was no significant effect of CP intake on sperm concentration and sperm mobility. Calcium 

intake significantly decreased sperm concentration at 42 and 60 WOA but had no effect on sperm 

mobility. There was no significant influence of CP intake on sperm concentration with age.  

 

There was no significant response in overall log number of inner perivitelline layer sperm holes 

and across all ages. Log number of IPVL sperm holes declined with age from 37-59 WOA with 

day 2 post artificial insemination having a higher number of IPVL sperm holes counted across all 

ages. 
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CHAPTER 1 
 
 

GENERAL INTRODUCTION 
 

 
The production of eggs in broiler breeder flocks is essential as it directly influences the profitability 

of the flock made possible by the contribution of both the male and female. Although it has been 

reported that females have a greater contribution to flock fertility than males (Gumulka & 

Kapkowska, 2005), it has also been argued that male broiler breeders have a significant 

contribution to fertility in broiler breeder flocks (Wolc et al., 2009). It is for this reason that 

improvements in growth, carcass parameters and other meat yield traits come through the male-

line but maintaining a balance between meat yield traits and reproductive traits is difficult as they 

are inversely related. Broiler breeder males are genetically selected for the traits they will pass on 

to their offspring and continued selection for these traits may be at the expense of the male’s 

reproductive capability (Lesson & Summers, 2000; Romero-Sanchez et al., 2007). Males selected 

for higher growth rate are more prone to excessive body weight (BW) gain which can result in 

reduced mounting ability, reducing the chances of achieving a successful copulation (McGary et 

al., 2003).  

 

Male broiler breeders therefore require proper management strategies during the growing period 

to control BW and maintain fertility. Structured feed restriction programmes have therefore been 

set in place in an effort to control the BW.  
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There is a significant reduction in fertility of broiler breeders observed after peak fertility, at about 

30-40 weeks of age (Hocking, 1989; Bramwell et al., 1996). One reason for this age-related 

fertility decline has been reported to be due to males becoming large and broad-breasted towards 

the end of the reproduction period, making it difficult for them to successfully achieve cloacal 

contact during mating (Hocking & Bernard, 1997b). In addition, the decline in fertility has also 

been attributed to a decline in sperm quality such as semen concentration and volume (Sexton et 

al., 1989), and a significant decline in mating activity. Hocking & Duff (1989) suggested that the 

decline in mating activity was a result of aging broiler breeder males becoming more susceptible 

to musculo-skeletal disorders which reduce mating efficiency. Strategies such as artificial 

insemination, feed restriction and spiking are possible management strategies to mitigate the age-

related decline in fertility and to maximise reproductive efficiency of male broiler breeders to 

ensure consistent flock fertility with age. 

 

The nutrition of broiler breeder males is often overlooked and they are often fed a female ration 

which consists of a higher nutrient content than that required, due to the impracticality of feeding 

a separate ration. Crude protein and calcium are two important nutrients for egg production and 

hence they are required in higher quantities in egg-laying hens than in males. Overfeeding of these 

nutrients, besides the cost implication, may even result in negative effects on male broiler breeder 

fertility through an interaction or separately (Fontana et al., 1990; Hocking, 1990; Hocking & 

Bernard, 1997a; Borges et al., 2006; Tyler & Bekker, 2012). There is however inconsistency on 

the reports in effects of feeding males a female ration on male reproductive efficiency and this 

may be due to the inaccuracy of the various measurement techniques used to gauge male fertility. 
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The aim of this experiment was therefore to determine the effects of feeding different levels of 

crude protein and calcium at 32 WOA till 61 WOA on the reproductive performance of broiler 

breeder males using sperm concentration, sperm mobility and sperm penetration through the 

perivitelline layer of eggs as measures of male reproductive potential. 
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CHAPTER 2 

 

Literature review 
 

 
2.1 Introduction 
 
The goal in broiler breeder production is to maximise the number of hatching eggs. Genetic 

selection in broiler breeders has been focused on improving meat yield traits amongst other 

productive traits. There is however a negative correlation between meat yield traits and 

reproductive traits (Lesson & Summers (2000). Male and female broiler breeders have different 

nutrient requirements. The greater requirement for crude protein (CP) in female breeders is due to 

the cost of egg production, and since males are often fed a female ration, there has been a growing 

interest in whether the higher CP content of the diet has any effect on male fertility.  There have 

been reports on the effects of dietary CP on male fertility where low CP rations (12-14% CP) have 

been found to have a positive effect on fertility in some instances (Wilson et al., 1987a; Hocking, 

1989) but no reports of a negative effect of low CP in others (Fontana et al., 1990; Hocking & 

Bernard, 1997b). Female broiler breeders also have a greater requirement for calcium (Ca) and 

there is little work that has investigated the impact of increased calcium intake on male fertility.  

 

This review will cover fertility of broiler breeders, with an emphasis on the decline in fertility late 

in the production phase and assess measures in place for reducing the decline in fertility while 

maximising efficiency. The influence of nutrition, including feeding practices, nutrient 

requirements of male broiler breeders and impact of different nutrient intakes (especially CP and 

Ca) on fertility will be discussed. This review will also evaluate different methods of assessing 

sperm quality.  
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2.2 Male management through feeding 

 
There has been a growing interest in the nutrition of males and recommendations focus on 

implementation of strategic feed management programs during rearing and production. Body 

weight management in broiler breeders during the rearing stage is critical and can have lifelong 

effects on the reproductive efficiency throughout the production period (Romero-Sanchez et al., 

2007). Restricted feeding has therefore been implemented by commercial breeders from an early 

age at rearing and throughout the production phase in an attempt to control male BW, achieve the 

target BW at each age and prolong reproductive lifespan (Sahraei, 2012). Feeding a diet according 

to breeder recommendations is important to meet nutritional requirements and promote optimum 

performance provided that proper feeding management is implemented at all stages.  

 

    2.2.1 Body weight control 
 

An appropriate feed restriction practise is used to control BW of males in rear and after sexual 

maturity with the goal of optimising reproductive performance. It is important to grow the parent 

stock to the breed-recommended target growth curve allowing both sexes to achieve optimum 

performance through BW control which prevents overweight birds that could result in impaired 

mating frequency, sperm mobility (Bilcik et al., 2005) and overall reproductive performance 

(Hocking & Duff, 1989; Hocking, 1990; Romero-Sanchez et al., 2007). Good BW control using 

feed restriction is beneficial through an increased egg production, hatchability, egg quality and 

fertility (McDaniel et al., 1981). To achieve flock uniformity and adherence to the breeder 

recommended growth curve, feed management through feed restriction is an important 

management factor.  
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    2.2.2 Feed restriction vs ad libitum feeding 
 
Feed restriction is essential in controlling the BW of the breeder flock to maintain the appropriate 

fertility required for a commercial breeder flock (Brown & McCartney, 1983). Hocking (1990) 

reported a decreased fertilising ability from broiler breeder males below the standard BW when 

compared to males that follow the bodyweight curve. 

 

Duncan et al. (1990) reported that feed restriction in the adult male breeder has the potential to 

lessen the age-related decline in mating frequency by preventing excessive BW gain. High 

reproductive performance (sperm concentration, semen volume and total sperm yield) and low 

mortality was reported when breeder males were subjected to restrictions of about 85% of the 

breeder recommendations (Revington et al., 1991). Brown & McCartney (1986) reported better 

reproductive performance in males subjected to feed restriction while Brown & McCartney (1983) 

reported no significant effect on fertility or hatchability measured from eggs of artificially 

inseminated female breeders. 

 

The conflicting results show that the degree of restriction needs to be understood clearly in the 

context of nutrient requirements as restriction changes with improvements in growth selection over 

time. Although restricting males is essential to improve fertility, severe restriction in males with 

improved genetic potential negatively affects fertility through a negative influence on growth rate 

and a decline in the percentage of males producing semen (Cerolini et al., 1995). Although Brown 

& McCartney (1986) at 55% restriction of the recommended intake reported a reduced semen 

volume, semen-packed cell volume and testis weight, Duncan et al. (1990) observed a decline in 

sperm quality, libido and fertility of severely restricted males (67% of recommended intake) 
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between 38 and 58 weeks of age. Similarly, Cerolini et al. (1995) reported a decrease in the number 

of fertile eggs when males were severely restricted (110 g/bird/day). 

 

Ad libitum feeding may be beneficial to spermatozoa production (Sexton et al., 1989), but not to 

mating ability, due to  an increased incidence of foot and leg disorders, difficulty in achieving 

cloacal contact during mating and therefore a decline in mating activity and efficiency (Hocking, 

1989; McGary et al., 2002; Romero-Sanchez et al., 2007).  

 

    2.2.3 Separate-sex feeding 
 
Separate feeding of females and males makes it possible to control feed allocation and to feed 

males a diet formulated specifically for male requirements. This is relatively easy during the 

rearing phase when males are reared separately to females and is achieved with the use of exclusion 

grids and feeder heights during production. The independent consideration of male and female 

nutrition improves the control of male BW and hence uniformity, which improves mating ability 

and therefore fertility (Hocking, 1990; NRC, 1994)  

 

2.3 Broiler breeder fertility  
 
In order to achieve maximum egg production, fertility is an important factor that needs to be 

enhanced through proper management suggested in breed-specific parent stock manuals. It is a 

common misconception that female breeders contribute more to fertility than males because they 

constitute the greatest proportion of the flock and produce eggs. Breeder males may represent a 

small percentage of the flock but they contribute equally to fertility in terms of the breeding value, 

making them just as important as female breeders. Wolc et al. (2009) reported broiler breeder 
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males to even be more important because each male has a greater influence on egg fertility than 

each female, determined from the high heritability and repeatability values for male effects 

compared to female effects. 

 

 

    2.3.1 Decline of fertility with age 

 
Age has an adverse influence on the reproductive performance of broiler breeders. Fertility of male 

breeders reaches a peak at 30 to 40 weeks of age and then declines until the end of production with 

Bramwell et al. (1996) reporting a 5.7% decrease in fertility from 37 to 63 weeks of age. Even 

though fertility of naturally-mating birds drops after 40 weeks, Hocking (1989) concluded that it 

is only after 50 weeks that the effects become large due to more males losing weight. The decline 

in flock fertility was also reported to be predominantly a male problem (Brillard & McDaniel, 

1986), where the drop in fertility has been attributed to the decline in sperm quality, semen 

concentration and volume (Sexton et al., 1989; Hocking & Bernard, 1997b), and a decline in 

mating activity (Hocking & Duff, 1989). Revington et al. (1991) reported no differences in the 

percentage of male breeders producing semen at any age, suggesting that fertility decline with age 

is likely to be a semen quality factor rather than a decline in semen production. This is, however, 

contrary to Sexton et al. (1989), who reported a significant negative effect of age on sperm 

concentration and sperm yield. Mating activity decline is due to a reduction in mating frequency 

and efficiency which has been suggested to be related to poor feeding management of male 

breeders and also an increased susceptibility to musculo-skeletal lesions with age hence a 

significant impact in reducing fertility (Hocking & Duff, 1989). 
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Bramwell et al. (1996) reported no differences in fertility when semen from roosters aged between 

39 and 63 weeks was collected and used to inseminate hens. Leg problems, lameness and libido-

decline contribute to the decline in reproductive efficiency of naturally-mating birds by making it 

anatomically difficult to mate successfully (Duncan et al., 1990; Hocking & Bernard, 2000; 

McGary et al., 2002) hence artificial insemination in older males has been suggested as a way to 

minimise the drop in fertility (Brillard & McDaniel, 1986; Cerolini et al., 1995; Romero-Sanchez 

et al., 2008). The decline in fertility may also be related in part to the differing reproductive ability 

among males whereby certain males have higher fertility than others. 

 

         2.3.1.1 Ways to minimise age-related fertility decline 

 

               2.3.1.1.1 Use of feed allocation  

 
Despite sufficient allocation of feed, the fertility of broiler breeder males decreases after 40 weeks 

of age (Hocking, 1989; Bramwell et al., 1996; Lesson & Summers, 2000; Gumulka & Kapkowska, 

2005). It has therefore been suggested by Romero-Sanchez et al. (2008) that increasing the feed 

allocated to broiler breeder males after 49 weeks of age counteracts the age-related fertility decline 

but this is dependent on the weight of the males relative to that of females because increasing the 

quantity of feed may result in males becoming too heavy and therefore damage females during 

copulation  

 

When broiler breeder males were fed 91 g/bird/day (13.1% CP)  there was a reduction in average 

semen volumes, proportion of males producing semen and testis weights at 50 weeks of age when 

compared to males to higher allocations (102, 113, 125 & 136 g/bird/day) and the sperm count per 

ejaculate from males of 30 to 50 weeks of age was lower for males given 91g/bird/day than those 
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given 136 g/bird/day of feed (Buckner et al., 1986). Cerolini et al. (1995) found that supplying 

110 g/bird/d of feed to broiler breeder males during the reproductive period depressed fertility, 

while that of 130 g/bird/d resulted in improved fertility. Hocking & Bernard (1997a), however, 

found no differences in fertility between males fed an increasing allocation and those under a fixed 

allocation (120 g/d) until the end of the production period, suggesting that there may be other 

factors contributing to the decline in fertility during the breeding phase. Minimising the fertility 

decline in the production phase also consists of important practical considerations in the 

management of broiler breeder males to maximise efficiency with age, some of which are 

mentioned below: 

    

               2.3.1.1.2 Spiking  

 
Spiking is used in poultry to minimise the fertility decline in male breeders and maintain flock 

reproduction efficiency (Garmon & Hogan, 2008). Spiking is the introduction of young males (25-

28 weeks old) to a 40-50 week broiler breeder flock in an effort to compensate for the age-related 

decline in fertility and this practiced has spread in various breeder operations (Brillard, 2004). 

When spiking is implemented it is said to result in significant increases in fertility visible 2-3 

weeks post-spiking because of an increase in male to male competition for hens hence an increase 

in the mating frequency of old roosters  (Casanovas, 2002). Bramwell et al. (1996) reported no 

significant improvement in fertility after spiking the flock with young males while in a more recent 

study, Chung et al. (2012) reported a significant increase in fertility of a spiked broiler breeder 

flock between 42-52 weeks.  
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Interestingly toward the end of production (54-58 weeks), there were no significant fertility 

differences between the spiked and control flock. This suggests that the positive effects of spiking 

may only last for a few weeks. There are concerns associated with the use of spiking and these 

involve the expense associated with running a separate house for the young males, replacement 

males being too young to successfully compete with older males hence delay their contribution to 

fertility and the biosecurity risk associated with the introduction of young males to an existing 

flock, 

 
 

               2.3.1.1.3 Double inter-spiking 

 

As means to address the concerns of spiking, double inter-spiking was developed, which is the 

exchange of experienced males from two different houses regardless of the age of the male. The 

first spike is usually done between 40-50 weeks of age and the second spike is recommended when 

mating activity and fertility begin to decline around 50 weeks of age. This practice is believed to 

significantly improve fertility levels of the flock as unfamiliar roosters disrupt the flock pecking 

order/hierarchy thus increasing mating behaviour and sexual activity which compensates for the 

loss in libido and lack of mating interest with age (Casanovas, 2002). It was also concluded that 

double inter-spiking at 40 and 48 weeks of age stimulates a high mating activity and maintains 

significantly higher hatchability levels in broiler breeder flocks. There are less biosecurity risks 

associated with this practice and no cost involved as there are no extra males required. However, 

an increase in aggression between roosters in a double-inter-spiked flock is possible and may result 

in limited male to female interaction and more time being spent on male to male interaction which 

reduces mating activity. 
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2.4 Sperm quality and measures of fertility 
 
The quality of sperm is an important factor in reproduction of male breeders and it varies with 

individual males and samples. Wilshart & Palmer (1986) concluded that the quality of sperm used 

to inseminate hens is a more limiting factor than the number of sperm inseminated in relation to 

egg fertility. The ability of the male to successfully mate and the quality of the semen produced 

are important factors in fertility. Methods used to assess reproductive performance of chickens 

have been limited to semen characteristics, libido, mating behaviour and conformation (Wilson et 

al., 1979; Wilson et al., 1987a; Hocking, 1989; Revington et al., 1991). Sperm concentration, 

semen volume, testis weight and number of sperm per ejaculate have been historically used to 

assess broiler breeder fertility but through research developments, more reliable assays have been 

developed namely the sperm mobility assay (Froman & McLean, 1996) and counting the points of 

sperm hydrolysis in the perivitelline layer of eggs post-insemination/mating (Bramwell et al., 

1995; Gumulka & Kapkowska, 2005). Sperm quality is measured in different ways but not all 

these techniques represent the full fertilising capacity, which makes it difficult to assess the 

impacts of nutrition-related studies on male fertility when the more traditional methods of sperm 

quality have been used, which may not correlate well with fertilising ability. This section will 

review methods of assessing sperm quality, and the correlation with fertility.  

 

    2.4.1 Semen characteristics 
 

         2.4.1.1 Semen volume and concentration 

 
Bilcik et al. (2005) reported a significant negative relationship between semen volume and semen 

concentration. However, volume is difficult to measure as this can vary depending on the time of 
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last ejaculation. The quantity of sperm produced by male breeders is not as important as sperm 

quality because spermatozoa is lost in the female oviducts as the sperm storage tubules limit the 

number of sperm stored, and the higher the quality of the sperm used to inseminate hens the higher 

the chances of storage in sperm storage tubules (SST) and hence successful fertilisation (Parker et 

al., 2002). There is a significant correlation between the fertilising ability of males with measures 

of sperm motility, sperm ATP concentration and the morphological integrity of spermatozoa, but 

not with sperm concentration (Wilshart & Palmer, 1986). Average sperm concentration is reported 

to be 7 billion sperm per ejaculate and a maximum of 8.2 billion per ejaculate has been reported 

in Brown Leghorn males (Wilshart & Palmer, 1986), but Brillard (1993) recovered a maximum of 

2.2 X 106 sperm in the SST of chickens which was 0.9% of the sperm number (250 X 106) used 

for insemination.  

 

Although high sperm concentration is thought to be linked to fertility, males with a high sperm 

concentration in one study were reported to have significantly lower fertility, associated with a 

higher sperm cell mortality, resulting in failure of the sperm to reach the site of fertilisation (Bilcik 

et al., 2005). However, reduced sperm concentration and volume with age contributed to a 

significant decline in fertility of broiler breeder males (Sexton et al., 1989; Zhang et al., 1999).  

 

 

    2.4.2 Sperm penetration of the Perivitelline layer  

 
Sperm penetration analysis is an accurate method for gauging semen quality as it indicates the 

fertilising potential of sperm. Recent advances in assessing male broiler breeder fertility have led 

to several studies using the quantification of the number of sperm in the perivitelline layer of eggs 
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(Wishart, 1987; Brillard & Bakst, 1990; Wilshart, 1997; Tyler & Bekker, 2012; Holtzhausen, 

2013) which is a direct result of the number of spermatozoa that were actually selected by the SST 

for storage (Brillard & Bakst, 1990; McGary et al., 2002). Sperm storage tubules are essential in 

ensuring an increase in the probability of fertilisation following a single insemination, with more 

points of hydrolysis in the IPVL indicating more sperm stored in the SST thus contributing to 

higher fertility (Donoghue et al., 1999). The IPVL sperm holes not only show egg fertility but also 

give information of the length of the fertile period (Gumulka & Kapkowska, 2005). 

 

The sperm that penetrates the IPVL of laid eggs can be visualised and quantified through light 

microscopy (Bramwell et al., 1995). The IPVL sperm holes are found concentrated around the 

germinal disc (Wishart, 1987). According to Bramwell (1998), an average sperm hole count of 30 

per mm2 or more around the germinal disc in a flock is necessary to maintain good fertility.  

Although it only takes a single sperm for one egg to be fertilised, Brillard & Antoine (1990) and 

Wishart (1987) reported that only 2.4 and 2 spermatozoa in a 5.5 mm2 area respectively are 

necessary for a fertile chicken egg. Wilshart, (1997) reported that eggs had a 50% probability of 

being fertile when 3 or more sperm penetrated the IPVL and a peak fertility when 6 or more sperm 

around germinal disc penetrated the IPVL. McGary et al. (2002) found no sperm penetration 

through the perivitelline layer in most of the infertile eggs collected from a broiler breeder flock.  

 
The duration of fertility reveals the reproductive capacity of a flock, which is significantly 

correlated with number of sperm penetration holes in the IPVL of eggs. The number of sperm in 

the IPVL of oviposited eggs decreases logarithmically with days after insemination and because 

of a correlation between fertility and number of sperm per unit area of membrane, the probability 

of eggs being fertile declines logarithmically with days after insemination (Wishart, 1987). Thus, 
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as the mating frequency of the flock declines with age, the chances of infertile eggs increase. The 

highest number of IPVL sperm holes are observed on the first few days post-insemination and 

decrease as days post-insemination increases (Fasenko et al., 2009). This agrees with Bramwell et 

al. (1996), who reported that sperm holes in the IPVL of eggs following insemination decreased 

with an increase in days post-insemination. 

     

 

    2.4.3 Sperm mobility 
 
Sperm mobility is a quantitative trait that plays an important role in the fertility of poultry species. 

Developed by Froman & McLean (1996), the sperm mobility assay measures the progressional 

movement of sperm into inert, dense and non-toxic diluents, such as Accudenz® solution 

(Donoghue et al., 1999).  Quantification of this trait is by overlaying a sample of semen on 

Accudenz® solution within a polystyrene curve, incubating the cuvette for 5 minutes at body 

temperature (41oC) and measuring the sperm penetrating the Accudenz® layer at 550nm by a 

spectrophotometer (Froman & Feltman, 1998). The mobility assay imitates the physiological 

conditions of the reproductive tract making it possible to differentiate between male sperm as it is 

expected that low mobility sperm fails to penetrate the Accudenz® while mobile sperm penetrates 

rapidly. 

 

Through observation of sperm hydrolysing the IPVL, Donoghue et al. (1999) reported a 

compromised ability to reach the site of fertilization by low mobility sperm while average and high 

sperm mobility males resulted in high number of hatched eggs in turkeys. This is supported by 

(Froman et al., 2006), hens had to be inseminated with up to three times as many sperm when low 
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sperm mobility sperm was used, to maximise filling of the SST. Birkhead et al. (1999) reported a 

greater proportion of fertilised eggs from high-mobility males compared with average-mobility 

males. Froman et al. (2002) concluded that sperm mobility influenced the rate at which sperm 

were lost from SST, with highly mobile sperm being lost at a significantly slower rate resulting in 

a longer fertilising capacity. The mechanism by which high-mobility sperm succeeds in 

fertilisation is because they manage to enter the SST and penetrate the IPVL of eggs in greater 

quantities than low-mobility sperm (Birkhead et al., 1999).   

 
 
2.5 Secondary Male traits 
 
Physical male characteristics have been used as an aid to management and as a tool to measure the 

reproductive performance of a rooster. The use of these traits is based on the fact that physical 

appearance in roosters is influenced by the production of testosterone. Testosterone produced by 

the testes and is believed to be associated with sexual behaviour of the male chickens. Secondary 

male characteristics such as comb size, area and colour are non-invasive measurements of fertility 

and testis size (McGary et al., 2002).  

 

    2.5.1 Comb size  
 
Comb size has been used as an indicator for the overall reproductive status of a rooster. It has also 

been used by females in selecting their mates as reproductive performance of a rooster is correlated 

to the size of the comb with Bilcik et al. (2005) and McGary et al. (2003) reporting a positive 

relationship between reproductive behaviour and comb area. It was further found that comb size 

and testicular weight were positively correlated (Tyler & Gous, 2008) indicating that male broiler 

breeders with large combs and/ or large testis are reproductively dominant in a flock. There is also 



 

17 
 

a direct correlation observed between testis size and the quantity of semen produced, semen 

volume and sperm concentration (Hocking & Duff, 1989; Lesson & Summers, 2000). Brown & 

McCartney (1983) however, found that breeder males with the largest testis at 54 weeks of age did 

not produce the largest amount of semen.  

 

Testicular size is however difficult to assess as testis are situated internally and although it has 

never been done practically, possible visualization of the testis through ultrasound has been 

reported. Tyler & Gous (2008) reported that 69% of the variation in average testis weight was 

accounted for when comb area was used to predict average testis weight, therefore concluding that 

comb area provides a good non-invasive technique to measure testicular weight and therefore 

fertility. Although Wilson et al. (1979) earlier reported a non-significant correlation between 

fertility and comb size, McGary et al. (2003) concluded that secondary characteristics like comb 

size (area and length) are reliable indicators of fertility in broiler breeders. It is for this reason that 

hens may choose roosters with large combs as they are indicative of good fertility in a flock. 

 

2.6 Nutrient requirements and effects on fertility 
 

    2.6.1 Crude protein 
 
It is impossible to ignore CP in male fertility as it plays an integral role in reproduction efficiency 

of broiler breeders at all stages (Zhang et al., 1999). Separate-sex feeding and changes in genetics 

have prompted the understanding of male nutritional requirements separately from females. Crude 

protein is an important nutrient for male broiler breeders as it plays a significant role in the growth 

of birds through BW management which impacts the reproductive performance of male and female 

broiler breeders (Duncan et al., 1990). Throughout this review, where possible, crude protein 
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intake is reported in g of CP/bird/d but in studies where feed intake was not reported, CP% is used. 

Wilson et al. (1987a) reported that 12 or 14% CP could be given to male broiler breeders without 

affecting BW, semen volume and sperm concentration and that significantly more males in the 12 

and 14% dietary CP diet produced semen from 27 to 30 weeks of age than those given higher 

levels of 16 or 18% CP. It has also been recommended that male broiler breeders be fed CP levels 

of 12.6% for maximum fertility (Tyler & Bekker, 2012).  

 

In different studies the effects of CP on fertility of males was only observed after certain ages 

which may be due to the different levels of CP used. Hocking (1990) reported that giving naturally-

mating males a high dietary CP of 16% during the breeding period results in a decline in fertility 

from 45-60 weeks of age compared to males given a lower protein level (11%). It was found that 

a lower protein intake of 10.8 g CP/bird/d could be given to male breeders on a further restricted 

basis compared to breeder recommendation-fed males with no detrimental effect on reproductive 

function (measured as semen volume, concentration and number of sperm per ejaculate) but a 

significant reduction in BW was observed as breeder recommendation-fed males were heavier than 

those given a 10.8 g CP/bird/d at isocaloric intakes (Wilson et al., 1987b). Fontana et al. (1990) 

reported no significant differences in fertility between males fed different levels (12, 14 and 

15%CP) which agrees with Hocking & Bernard (1997b) who also found no significant differences 

in fertility between breeder males given a high 16%  and a low 12% CP feed.  

 

    2.6.2 Calcium 
 
Calcium is an important mineral as it plays a role in skeleton formation, egg production and other 

biological functions. Feeding adequate levels of Ca is important for regulating sperm physiology, 
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sperm motility, metabolism and membrane function while it also has a role in sperm capacitation, 

acrosome reaction and fertilisation (Ren et al., 2001; Kanyinji & Maeda, 2010). An excess supply 

of dietary Ca however interferes with the availability of other minerals, namely: phosphorus, zinc, 

manganese and magnesium (NRC, 1994) resulting in an increase in the requirement of these 

minerals. Male broiler breeders require Ca in lower quantities than females as they do not produce 

eggs but feeding males a diet formulated for female requirements does not seem have a negative 

effect on male broiler breeder performance (Fontana et al., 1990; Hocking & Bernard, 1997b). 

 

More than 4 decades ago, it was reported that the Ca requirement for male broiler breeders was 

below 0.27% but levels above that (3%) were also reported to not impair fertility (Wilson et al., 

1969). According to (NRC, 1994), broiler breeder males require 0.2 g Ca/bird/day from 20-60 

weeks of age. 

 

It has been reported that the quality of chicken sperm can be significantly improved through 

alterations in the diet (Bongalhardo et al., 2009; Kanyinji & Maeda, 2010). Calcium levels in the 

diet possibly affect poultry sperm motility and this has been reported in a study done with 

Plymouth Rock roosters where additional dietary Ca (2% added Ca) increased calcium 

concentration in the seminal plasma which improved sperm quality measured as sperm motility  

(Kanyinji & Maeda, 2010). After feeding broiler breeder males levels of 0.5 -0.7 g Ca/bird/day, 

Kappleman et al. (1982) found no significant differences in reproductive performance (measured 

as semen volume, spermatozoa concentration and fertility of eggs hatched). Wong et al. (2001) 

found no significant correlation between blood and seminal Ca concentration, sperm 

concentration, motility and morphology. More recently, Rosa et al. (2010) concluded that Ca levels 



 

20 
 

of 0.90% in the diet were adequate for reproductive efficiency (measured using semen volume, 

number of sperm cells and egg fertility) of male breeders during the productive period. 

 

Male chickens fed high dietary Ca levels exhibit low blood cholesterol (ch) levels which may result 

in the production of sperm with a high membrane integrity and thus an increased fertilising ability 

(Ditscheid et al., 2005; Shende et al., 2012) since sperm motility increases with decreasing blood 

cholesterol levels (Kanyinji & Maeda, 2010).  

 

2.7 Calcium and protein interaction 
 
Male broiler breeders fed a female diet are probably eating excess CP and Ca and these may 

influence overall flock performance in the reproduction phase as discussed above, but there may 

also be a combined effect of CP and Ca intake. In rats, a low protein diet resulted in significant 

reduction in intestinal Ca absorption and the development of hypo-calcuria (Gaffney-Stomberg et 

al., 2010).  

 

Shafey & McDonald (1991), however, reported no interaction between Ca and CP in broiler 

growth although a high dietary Ca level resulted in a depressed mineral utilisation and nitrogen 

digestibility thereby affecting feed conversion efficiency (FCE).  

 

In humans, Ca plays a role in bone health, and there is a negative relationship between bone health 

and high CP intakes which shows that Ca is not adequate to protect the skeleton from high CP 

levels which may result in bone loss and skeletal problems (Heaney, 2002). Dawson-Hughes 

(2003) reported a positive impact of increasing CP intake on bone health of elderly people meeting 



 

21 
 

their dietary Ca requirement but not in elderly people who were not meeting their required intakes. 

Kerstetter et al. (2003) reported that at low Ca intakes in humans, high CP diets increased the 

absorption of Ca in the digestive tract resulting in an increase in urinary Ca which is associated 

with improved Ca balance. It was further reported that low CP diets reduced intestinal absorption 

of Ca. This agreed with a study later on where overall intestinal Ca absorption increased in 

response to a high CP diet (2.1 g/kg) when compared to a moderate CP diet (1.0 g/kg) (Kerstetter 

et al., 2005).  

 

Although there has not been any work found on the relationship between dietary CP and Ca in 

broiler breeders in particular, the studies done on mammal and other animal models may aid in 

understanding the correlation in broiler breeder males. The inconsistent findings on other studies 

suggest that there may be an effect of the level Ca on CP absorption and vice versa, and due to the 

lack of research may be important to investigate.  

 

 
2.8 Conclusions 
 
Broiler chickens grow rapidly and are fed ad libitum to attain the target weight at slaughter. Broiler 

breeders are different to their offspring because if fed ad libitum after about 4 weeks of age, BW 

will not adhere to the standard growth curve resulting in lifelong implications in the production 

phase such as a decrease in mating ability, fertility and eventually overall flock reproductive 

efficiency. The growth of broiler breeders is therefore limited through the use of restricted feeding 

seeing that birds fed ad libitum are associated with a number of risks. 
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For practical purposes, broiler breeder males may be fed a female ration but this practice has been 

challenged in recent years. Females require higher levels of CP and Ca mainly for egg production 

whilst males do not, and despite decreased feed allocations, the nutrient balance in the diet may 

not be adequate for male requirements. Due to these differences in requirements there is a need to 

investigate the possible implications of feeding a female ration on male fertility as the excess 

nutrients may have a negative effect. Published literature is inconclusive about the effects of CP 

and Ca on male fertility and hence further research is required to better understand how crude 

protein and calcium and their possible interaction affect fertility of male broiler breeders.  

 

Therefore, the aim of this thesis is to determine the effect of different calcium and crude protein 

intakes on semen quality using the traditional and more recent measures of sperm quality and 

hence make a recommendation about the implications of feeding males a female diet on fertility 
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CHAPTER 3 
 
 
 

THE EFFECTS OF DIETARY CRUDE PROTEIN AND 

CALCIUM ON FERTILITY OF MALE BROILER BREEDERS 
 

 
 
3.1 Introduction 
 
Feed management contributes a significant proportion of broiler breeder flock management and 

reproductive efficiency. Broiler breeders are primarily egg producers and growth needs to be 

limited to maintain fertility with age (Sahraei, 2012). Hatchability is the overall measure of both 

female and male fertility and while the number of hatching eggs produced also gives a good 

indication of female fertility, the assessment of male fertility is more complex. Assesment of 

spermatozoa quality has been used as an attempt to gauge male fertility. This includes sperm 

concentration (Hocking & Bernard, 1997b), volume (Brown & McCartney, 1983), mobility 

(Froman & McLean, 1996; Froman & Feltman, 1998) and sperm penetration of the IPVL of eggs  

(Bramwell et al., 1995). 

 

A proper feeding regimen to control BW in rear and production is essential. Once in production, 

the calcium and protein requirement of male broiler breeders is lower than that of female breeders. 

Separate-sex feeding during production has made it possible to allocate different rations to male 

and females but some breeder producers are still feeding males a female ration due to the 

impracticalities of small orders of feed for males and while feed allocation can be controlled, the 

diet formulation probably results in males consuming CP and Ca excess to requirements.  
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Various studies have investigated the effect of CP on fertility and sperm quality traits. Some have 

suggested that feeding levels between 12 and 14 % CP to broiler breeder males  had no effect on 

sperm concentration, semen volume, number of sperm per ejaculate and fertility (Wilson et al., 

1987a; Wilson et al., 1987b; Revington et al., 1991) while others have shown that levels of 15 % 

and above significantly impair spermatozoa concentration (Hocking & Bernard, 1997b), number 

of males producing semen (Wilson et al., 1987a), semen volume (Zhang et al., 1999) and fertility 

(Hocking, 1990). Fontana et al. (1990), however, reported no significant differences in fertility of 

male breeders given either low (12%) or high (14%) levels of crude protein. Recently it has been 

reported that to maximise fertility and prolong the fertile period, broiler breeder males may be fed 

an optimum of 12.6% CP (Tyler & Bekker, 2012). 

 

Calcium is an important nutrient for egg production in female broiler breeders and may be excess 

to the requirements in males even at lower feed allocations. Male breeders require lower Ca 

quantites, with reports suggesting that males require 0.2 g Ca/bird/day (NRC, 1994)  and 0.90% 

Ca (Rosa et al., 2010) during the production phase. 

  

Oversupplying CP and Ca to males may be limiting the fertility of birds and is probably costly. 

Although the Ca in a female ration has not been reported to impair male broiler breeder fertility 

when fed female diets, a high CP was associated with a decline in fertility (Hocking, 1990). Due 

to the reported significant role of male fertility on overall flock fertility (Wolc et al., 2009), 

obtaining the maximum male fertility could result in maximum number of hatching eggs without 

increasing flock size. 
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The possible effects of feeding a female ration to male broiler breeders and the interaction of the 

excess CP and Ca on male reproduction efficiency in the production stage remains uncertain. 

Therefore, the objective of this experiment was to study the effects of 4 different diets made up of 

2 levels of CP and 2 levels of Ca (based on male and female requirements) on semen quality in the 

production phase using sperm concentration, mobility and spermatozoa penetration of the IPVL 

of oviposited eggs of male broiler collected days after insemination. 

 

3.2 Materials and methods 
 

    3.2.1 Experimental design 
 
Sixty Ross 308 broiler breeder males were obtained at 24 weeks of age from National Chicks Pty 

Ltd. Each bird was placed in an individual cage on the floor (60 cm X 35 cm X 40 cm) on arrival, 

which was equipped with shavings, a feed trough and a nipple drinker providing clean water 

provided ad libitum. The birds were fed a standard breeder male ration with feed intake adjusted 

to meet the  breeder recommended growth curve until 32 weeks of age and during this time were 

trained for semen collection using the abdominal massage method (Burrows & Quinn, 1937). Forty 

eight males that had a consistent response were selected for experimental purposes at 32 WOA. 

There were six rooms considered blocks, each containing 8 cages. Individual sperm mobility 

values were measured and used to rank birds according to their mobility index value before 

allocating to treatments. Birds were then assigned to the six rooms with two males per room on 

each treatment until 61 WOA.  

A 2X2 factorial design was used with 2 levels of CP (12.5 & 14.5%) and 2 levels of Ca (0.7 & 

3.0%) which were formulated using Winfeed® (Table 3.1) to result in 4 treatment diets HP:LC, 
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LP:HC, HP:HC and LP:LC (Table 3.2). An ANOVA confirmed there were no significant 

differences in average body weight of males between rooms at the start of the experiment. 

 

Table 3.1 The ingredient content of the treatment diets differing in CP and Ca 

Ingredient Unit HP:LC LP:HC HP:HC LP:LC 

yellow maize fine g/kg 698.13 741.83 657.25 717.76 

wheat bran g/kg 100.00 73.65 67.04 170.00 

soybean 50 g/kg 74.78 89.00 166.36  

sunflower 37 g/kg 95.40   80.08 

L-lysine HCl g/kg 1.59 0.40 0.02 1.91 

DL methionine g/kg 1.30 0.88 1.59 0.69 

vit+min premix g/kg 1.50 2.50 1.50 2.50 

limestone g/kg 13.50 77.53 77.02 14.44 

salt g/kg 2.36 4.75 2.76 2.50 

monocalcium phosphate g/kg 8.39 9.47 9.56 7.08 

sodium bicarbonate g/kg 3.05  0.94 2.88 

oil - sunflower g/kg   15.97  
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Table 3.2 The nutrient content of the diets 

   Treatment  

Nutrient (as is)  HP:LC      LP:HC HP:HC LP:LC  

Energy MJ/kg 16.08 15.05     15.25 15.92  

CP % 14.46 12.41 14.65 11.86  

NDF % 16.92 10.56 11.61 17.69  

ADF % 6.70 4.07 4.91 6.50  

Fat % 3.31 2.98 3.56 3.08  

Ash % 5.35 9.71 11.06 4.78  

Moisture % 10.43 10.07 9.90 10.50  

Ca % 1.02 3.05 3.04 0.74  

Mg % 0.22 0.20 0.23 0.21  

K % 0.66 0.57 0.70 0.54  

Na % 0.20 0.23 0.16 0.20  

P % 0.63 0.52 0.53 0.59  

K/ Ca +Mg % 0.25 0.09 0.11 0.26  

Zn mg/kg 120.00 126.00 106.00 170.00  

Cu mg/kg 21.00 20.00 18.00 26.00  

Mn mg/kg 103.00 155.00 112.00 180.00  

Fe mg/kg 181.00 173.00 158.00 188.00  

       

       

Nutrient content of the diets were determined using methods outlined by the Association of      

Official Analytical Chemists (AOAC) Official Method 990.03 (1995) for CP, McNab & Fisher 

(1984) for Energy AMEn (MJ/kg).   
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Birds received a feed intake of 140 g of feed per day, which was finished within an hour of feeding 

and therefore feed intake was not recorded. Body weight was measured on a monthly basis. 

Photoperiod was controlled with birds being provided 13 h light/day for the duration of the 

experiment. Sperm samples were collected every 3 weeks and analysed. 

 

    3.2.2 Fertility Measurements 
 

         3.2.2.1 Sperm concentration 
 
Sperm concentration was determined using a Turkey Mobility Analyser 591B (Animal 

Reproduction Systems, Chino, CA) calibrated for use in chickens. A disposable pipette was used 

to draw 11.4 µl of neat semen which was then diluted with 3.42 ml of 3% (w:v) saline solution in 

a disposable cuvette. This was mixed and inserted into the specimen compartment of the Turkey 

Mobility Analyser which uses spectrophotometry to determine sperm concentration (Howarth, 

1995). 

 

         3.2.2.2 Sperm mobility 
 
Sperm mobility using the same sperm mobility analyser was measured on the same sample after 

determining sperm concentration. A sample of semen (50 µl) was diluted to contain 5 X 108 

sperm/ml with sperm mobility buffer (Animal Reproduction Systems, CA) from the calculation of 

concentration and mixed. A pipette was then used to draw 300 µl of the buffered semen solution 

which was laid carefully on top of a 3% (w/v) Accudenz solution in a cuvette, incubated at 41oC 

for 5 minutes and inserted in the mobility analyser, which read the absorbance at 550nm to return 

a mobility index from a precalibrated curve (Froman & McLean, 1996).  
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         3.2.2.3 Inner perivitelline layer sperm holes  
 
Semen was collected every 3 weeks from 6 individual males per treatment chosen from random 

rooms for the duration of the trial for the purposes of artificial insemination (AI) and measurement 

of sperm penetration days post-AI (separate to concentration and mobility analysis). Sperm 

concentration was measured as described above and sperm diluted with sperm motility buffer 

(Animal Reproduction Systems, CA) to contain 150 X 107 sperm/ml and the sperm used to 

inseminate a total of 72 commercial egg-type hybrids at 41 WOA (3 hens/male) using a 50 µl 

volume of the diluted sample for each hen, resulting in 5 million sperm being inseminated per hen. 

Although the same hens were used throughout and were therefore also aging, fertility of egg-type 

hybrids is good and unlikely to have affected the results.  

 

Eggs were collected on days 2, 3, 4 and 8 post-insemination and stored in a cold room averaging 

140C. All eggs from each treatment were analysed for the number of holes in the inner perivitelline 

layer (IPVL). Eggs were brought to room temperature, opened and the yolk separated from the 

albumen. Any excess albumen was then separated by rolling the yolk across a paper towel. An 

area of 1 X 1 cm of the perivitelline layer overlying the germinal disc was cut and immersed in a 

phosphate buffer solution to remove any adherent yolk. The resulting perivitelline layer was placed 

on a microscope slide, fixed with 4% formalin, stained with Schiff’s reagent and covered with a 

cover slip and observed under a light microscope at 4X magnification (Bramwell et al., 1995). 
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Images were captured using Motic Image plus 2.0 (Figure 3.1) and all unstained points of sperm 

penetration were quantified in a 2 x 2 mm square around the germinal disc using Image J 1.48, and 

the number of sperm holes per mm2 were calculated.  

 

  

 

 

Figure 3.1 Inner perivitelline layer sperm penetration holes around the germinal disc at 4X 

magnification. 

 

 

IPVL Sperm holes 

Germinal disc 



 

31 
 

    3.2.3 Statistical analysis 
 
Unless stated otherwise, all collected data was statistically analysed using GenStat 14th Edition 

(VSN international Ltd., 2013). 

Body weight data were subjected to a general ANOVA and analysed at each age. Treatment means 

were compared using LSD values at the 5% significance level. 

The sperm concentration and sperm mobility data were subjected to an unbalanced general 

ANOVA design due to the different number of male birds from each treatment that produced 

semen on the days of measurement. The data were analysed for the overall period and at each age. 

Treatment means were compared using LSD values at the 5% level of significance. 

Data were tested for normality using the Shapiro-Wilks test and that of IPVL sperm holes was 

observed not to be normally distributed. The data were therefore log transformed by adding a 

constant (to avoid a log of 0) and performing a log transformation. The log number of IPVL sperm 

penetration holes observed from the oviposited eggs on days 2, 3, 4, and 8 post-AI were subjected 

to a general ANOVA using an unbalanced treatment structure because some eggs were lost during 

data collection resulting in an unequal number of eggs for each treatment. The mean log IPVL 

sperm holes at each day post-AI were compared using LSD values at the 5% level of significance. 

Although the ANOVA and mean comparisons were performed on log-transformed data, the result 

presented in Table 3.7 is the actual data.     
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3.3 Results and discussion 
 

   3.3.1 Body weight 
 
There were no significant differences observed in mean BW at 32 WOA, however differences in 

BW were observed from 37 WOA (after birds were fed different treatments for 5 weeks) to the 

end of the trial at 61 WOA, where birds with high CP and high Ca intake had significantly higher 

(p<0.05) BW (Table 3.4). There was no difference in BW of the other treatments. This was 

unexpected because high dietary CP was expected to result in heavier male broiler breeders, but 

this group were similar to those fed low CP.  

Romero-Sanchez et al. (2008) and Zhang et al. (1999) reported that higher CP intake resulted in 

higher BW of male broiler breeders. This was the case in birds fed HP:HC but not those fed HP:LC, 

which indicates possible problems with the feed allocation. Wilson et al. (1987b) who reported a 

significant BW loss from males that were fed low CP level (10.8 g CP/bird/day) while Wilson et 

al. (1987a) observed no significant change in the BW of male broiler breeders with differing CP 

intakes. 
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Table 3.4 Body weight of broiler breeder males with different CP and Ca intakes 

 

 

 

 

 

 

 

 

 

 

                             

 

 

 

 

                                    

                                    

a, b – means with superscripts that differ are significantly different (P<0.05)  

 

 

Age (wks) Treatment BW (kg) Lsd p-value 

32 HP: LC 4.496 0.1900 0.325 
 LP: HC 4.442   
 HP: HC 4.388   
 LP: LC 4.557   
     

37 HP: LC 4.879ab 0.1981 0.125 
 LP: HC 4.683a   
 HP: HC 4.900b   
 LP: LC 4.790ab   
     

41 HP: LC 4.973ab 0.2149 <0.001 
 LP: HC 4.765a   
 HP: HC 5.179b   
 LP: LC 4.773a   
     

47 HP: LC 5.005a 0.2856 <0.001 
 LP: HC 4.829a   
 HP: HC 5.338b   
 LP: LC 4.829a   
     

52 HP: LC 5.142a 0.2744 <0.001 
 LP: HC 5.031a   
 HP: HC 5.698b   
 LP: LC 4.948a   
     

57 HP: LC 5.175a 0.3306 <0.001 
 LP: HC 5.142a   
 HP: HC 5.826b   
 LP: LC 5.053a   
     

61 HP: LC 5.313a 0.3728 <0.001 
 LP: HC 5.188a   
 HP: HC 6.094b   
 LP: LC 5.173a   
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    3.3.2 Sperm concentration and mobility 

 
Crude protein intake had no significant effect on sperm concentration at each age (Table 3.5). 

There was a significant main effect of Ca on sperm concentration at 42 WOA. Male broiler 

breeders fed a HP: HC diet had significantly lower sperm concentration at 42 WOA and 57 WOA 

than males subjected to a HP: LC diet. A Significant interaction (p<0.05) between CP and Ca 

intake was observed at 60 WOA, where male broiler breeders fed on a HP: HC diet had 

significantly lower sperm concentration than males fed HP: LC.  

 

A number of studies observed no significant impact on sperm concentration when breeder males 

were fed diets differing in CP (Wilson et al., 1987a; Wilson et al., 1988; Revington et al., 1991; 

Zhang et al., 1999). However, Hocking & Bernard (1997b) observed a significantly higher 

concentration of sperm in broiler breeder males fed on a high CP diet (160 g CP/kg) than those on 

a low CP diet (120 g CP/kg). Although not significant, Hocking (1989) observed a negative 

relationship between dietary CP level and sperm concentration concluding that any effects of CP 

on fertility are not possibly linked to semen yield and quality but rather to male mating behaviour. 

Calcium intake does not seem to significantly impair nor improve sperm concentration of male 

broiler breeders at any age although numerically it was observed that males fed on a HC diet had 

lower concentration values.  

 

Crude protein and Ca intake had no significant effect on sperm mobility at each age (Table 3.6). 

Although there has not been work done on the effect of diet alteration on sperm mobility, the 

fertility of broiler breeder males is understood to be a function of the sperm mobility trait 
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(Donoghue et al., 1999; Froman et al., 1999), therefore regarded to be a more reliable parameter 

than sperm concentration. 
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Table 3.5 Effects of Crude protein (CP) and Calcium (Ca) intake on mean sperm concentration from 36 to 60 WOA 

      Sperm concentration (sperm/ml (x106))       

Trt  36 n       39 N      42 n      45 n      49 n      53 n     57 n 60 n 

HP:LC 7.96 11 7.96 12 8.30a 12 8.73 11 9.26 11 9.46 11 10.35a 11 11.33a 11 
LP:HC 7.40 12 8.13 12 7.50ab 12 8.65 9 8.67 11 9.66 11 8.96ab 10 10.72ab 10 
HP:HC 7.44 11 6.99 11 6.72b 12 8.53 5 7.46 12 8.25 11 8.34b 11 8.93b 8 
LP:LC 8.30 12 7.71 12 8.22a 12 8.35 11 9.03 12 10.11 12 9.28ab 11 10.26ab 11 
                 

p                 
CP 0.78 0.33 0.45 0.99 0.37 0.16 0.55 0.71 
Ca 0.16 0.55 0.02 0.97 0.12 0.28 0.07 0.36 
CP*Ca 0.64 0.11 0.35 0.59 0.31 0.62 0.23 0.04 
                 

sed                 
Min 0.66 0.6   0.85 0.89 0.94 0.77 0.9 
average 0.67 0.61 0.65 1 0.92 0.95 0.8 0.95 
Max 0.69 0.61   1.15 0.94 0.96 0.83 0.99 
                 

Lsd                 
Min 1.33 1.21   1.75 1.81 1.91 1.56 1.83 
average 1.36 1.22 1.31 2.05 1.85 1.93 1.62 1.93 
Max 1.4 1.24     2.36 1.9 1.95 1.69 2.03 

a, b – column means with superscripts that differ are significantly different (P<0.05) 
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Table 3.6 Effects of Crude protein (CP) and Calcium (Ca) intake on mean sperm mobility % from 36 to 60 WOA 

      Sperm mobility %       

Trt 36 N     39 N     42 n      45 n     49 n     53 n     57 n 60 n 

HP:LC 16.64 11 15.50 12 11.75 12 14.64 11 15.73 11 21.09 11 18.82 11 13.64 11 
LP:HC 11.17 12 10.33 12 11.67 12 11.56 9 14.36 11 18.36 11 21.10 10 13.70 10 
HP:HC 11.82 11 11.82 11 18.42 12 11.60 5 17.25 12 20.45 11 25.80 11 13.88 8 
LP:LC 13.00 12 10.17 12 12.00 12 11.27 11 15.58 12 18.83 12 21.17 11 13.18 11 
                 

p                 
CP 0.26 0.19 0.34 0.38 0.4 0.36 0.79 0.99 
Ca 0.12 0.60 0.35 0.47 0.99 0.71 0.23 0.96 
CP*Ca 0.46 0.55 0.31 0.19 0.50 0.86 0.26 0.96 
                 

sed                 
min 2.9 3.91   2.27 2.64 3.12 3.75 3.71 
average 2.97 3.96 4.78 2.67 2.71 3.16 3.71 3.94 
max 3.05 4.01   3.06 2.78 3.2 4.07 4.13 
                 

Lsd                 
min 5.87 7.91   4.65 5.36 6.32 7.62 7.58 
average 6.02 8.01 9.67 5.47 5.49 6.40 7.94 8.03 
max 6.17 8.11     6.28 5.63 6.48 8.26 8.42 

 – column means with no superscripts are not significantly different (P>0.05) 
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    3.3.3 IPVL Sperm holes 
  
There were no significant differences found in the log number of IPVL sperm holes of eggs 

inseminated with sperm from males fed varying CP and Ca levels at any age (p>0.05). There was 

no interaction between CP and Ca on the number of sperm holes found in the IPVL of eggs. There 

was an expected significant effect of day PAI on the log number of IPVL sperm holes in males on 

each treatment, where the number of sperm holes in the IPVL of oviposited eggs decreased with 

increasing day PAI (Table 3.7). At each age, the average IPVL sperm holes on days 2 and 3 PAI 

were consistently higher (>6) while IPVL sperm holes on day 8 PAI was lower than six, which 

could mean that the eggs were no longer fertile at day 8 PAI (Wilshart, 1997). 

 

The probability for fertilisation to occur decreases with increasing days PAI (Wishart, 1987; 

Bramwell et al., 1996; Fasenko et al., 2009), because the SST are filled by fecund spermatozoa 

after mating or insemination (Bakst et al., 1994) and sequentially released to the infundibulum 

providing fertile eggs for a limited period (Brillard, 1993). As in this study, Bramwell et al. (1996) 

observed a decline in mean flock sperm holes in the IPVL of oviposited eggs with age. Similarly, 

Hazary et al. (2000) also looked at the IPVL points of hydrolysis (sperm holes) on oviposited eggs 

between 30 to 55 WOA and observed that the total number of sperm holes declined from 200 at 

peak fertility to less than 20 at 55 WOA whilst mean proportion fertile eggs decreased by 15% 

between peak fertility and 55 WOA. The decline in IPVL sperm holes with age may not be related 

much to nutrient alteration of the diet fed to the males but rather related to the natural age-related 

fertility decline observed in male broiler breeders late in the production period (Hazary et al., 2000; 

Hocking & Bernard, 2000), and it is possible that this was exacerbated by increasing age of the 

egg-type hybrid females used to assess IPVL holes. 
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It has however been reported that the fertilising and sperm penetrating abilities of sperm from 

males is not affected by age (Bramwell et al., 1996), suggesting that mating frequency may be an 

important factor for successful sperm: egg interaction. The filling of the SST is essential for 

successful IPVL sperm penetration and hence fertilisation following an insemination or mating 

(Bakst et al., 1994; McGary et al., 2002). Therefore, a high mating frequency needs to be 

prioritised to ensure that the SST are filled with sperm and thus fertility is maintained throughout 

the production period and the age-related decline in fertility is minimised. 

 

.        
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Table 3.7 Mean IPVL sperm holes with days post-AI at each age (The ANOVA and mean 

comparisons for IPVL sperm holes were performed on log-transformed data, but shown are actual 

sperm holes)   

            Treatment   
       Age (WOA) DPAI HP:LC LP:HC HP:HC LP:LC 

37 2 11.2 16.1 12.6 11.7 

 3 7.3a 9.4b 10.9b 7.8a 

 4 7.0 8.0 8.7 6.8 

 8 3.2b 1.8a 2.8ab 2.4ab 

      
40 2 8.2 12.6 8.7 8.7 

 3 8.8a 8.7a 8.8a 14.3b 

 4 7.0a 7.2a 5.6a 9.8b 

 8 2.6a 2.5a 2.5a 3.8b 

      
55 2 6.7a 6.9a 16c 9.4b 

 3 6.3 5.4 8.3 8.3 

 4 3.0 3.4 3.1 4.9 

 8 2.9 1.7 2.8 2.9 

      
59 2 3.7 5.4 6.8 4.8 

 3 7.0 6.9 3.5 8.8 

 4 3.3ab 2.8a 2.1a 4.8b 

  8 2.1 1.3 1.8 2.0 

a - c – Row means with superscripts that differ are significantly different (P<0.05)  

 

3.4 Conclusion 
 
Different CP and Ca intakes of broiler breeder males during the production phase (32- 61 WOA) 

had a significant effect on BW. As expected, feeding a female ration (HP: HC) to male broiler 

breeders resulted in heavier males compared to feeding a separate male ration (LP: LC) and this 

could have an adverse effect on male mating efficiency hence it may be more beneficial to feed a 

low nutrient content diet as it allows for better control of BW. It was however unexpected that the 
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BW of males fed HP: LC would be similar to that of males fed the low protein rations, therefore 

this may show that feeding either of the diets does not significantly impair nor improve male broiler 

breeder BW. 

Dietary intake of CP had no significant influence on sperm mobility while it was observed to 

significantly influence sperm concentration at certain ages but use of sperm concentration as a 

sperm quality measure has been thought to be unreliable compared to mobility and sperm 

penetration. Calcium intake had no significant influence on sperm mobility at all ages but high Ca 

intake significantly decreased sperm concentration at 42 WOA. The effect of Ca on fertility 

parameters in male broiler breeders has not been assessed before but work in human beings and 

broilers is not supported by these results as Ca did not significantly impair semen quality traits nor 

have an interaction with CP whilst a number of authors have reported no significant effect of CP 

intake on spermatozoa concentration. There is limited work on CP effect on sperm mobility but in 

this study, the CP and Ca intakes used resulted in no significant effect on sperm mobility at each 

age. 

There were no significant differences in the number of IPVL sperm penetration holes from males 

fed diets differing in CP and Ca and it can be concluded that dietary intake of CP and Ca at the 

levels used in this experiment does not seem to improve nor impair the fertility of male broiler 

breeders. 

Therefore, it can be concluded from these results that male broiler breeders could be fed a specific 

male ration lower in protein and calcium (12.5 % and 0.7 %) than female specifications. This 

enables better control of male development and growth, and has the potential to maintain fertility 

while saving the farmer an unnecessary protein cost. It is also evident from this study that feeding 
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male broiler breeders a female ration (14.5 % CP and 3.0 % Ca) does not result in the males 

becoming less fertile than males fed a specific male ration (12.5 % CP and 0.7 % Ca) and it can 

therefore be concluded that it does not matter if broiler breeder males are fed on a female ration, 

rather it would be cheaper to feed broiler breeder males a separate male ration consisting of low 

nutrients but the impracticalities of ordering small feed quantities and having to prepare separate 

storage facility cannot be ignored. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

44 
 

References 

 

Bakst, M., Wilshart, G. & Brillard, J. (1994). Oviductal sperm selection, transport, and storage 

 in poultry. Poultry Science Rev 5: 117-143. 

Bilcik, B., Estevez, I. & Russek-Cohen, E. (2005). Reproductive success of broiler breeders in 

 natural mating systems; The effect of male-male competition, sperm quality, and 

 morphological characteristics. Poultry Science 84: 1453-1462. 

Birkhead, T., Martinez, J., Burke, T. & Froman, D. (1999). Sperm mobility determines the 

 outcome of sperm competition in the domestic fowl. Proceedings of the Royal Society of 

 London 266: 1759-1764. 

Bongalhardo, D., Leeson, S. & Buhr, M. (2009). Dietary lipids differentially affect membranes 

 from different areas of rooster sperm. Poultry Science 88: 1060-1069. 

Borges, C., Rostagno, H., de Silva, J., Albino, L., Torres, C., Filho, J. & Ribiero, M. (2006). 

 Protein requirements and carcass composition of male broiler breeders from 27 to 61 

 weeks of age. Brazilian Journal of Animal Science 35: 1971-1977. 

Bramwell, R. (1998). Sperm penetration in broiler breeder strains. Department of Poultry 

 Science. Rural development center. 

Bramwell, R., Marks, H. L. & Howarth, B. (1995). Quantitave determination of spermatozoa 

 penetration of the perivitelline layer of the hen's ovum as assessed on oviposited eggs. 

 Poultry Science 74: 1875-1885. 

Bramwell, R., McDaniel, C., Wilson, J. & Howarth, B. (1996). Age effect of male and female 

 broiler breeder on sperm penetration of the Perrivitelline layer overlying the germinal 

 disc. Poultry Science 75: 755-762. 

Brillard, J. (1993). Sperm storage and transport following natural mating and artificial 

 insemination. Poultry Science 72: 923-928. 



 

45 
 

Brillard, J. (2004). Natural mating in broiler breeders: present and future concerns. World's 

 Poultry Science Journal 60: 439-445. 

Brillard, J. & Antoine, H. (1990). Storage of spermatozoa in the uterovaginal junction and its 

 incidence on the numbers of spermatozoa present in the perivitelline layer of hens' eggs. 

 British Poultry Science 3: 635-644. 

Brillard, J. & Bakst, M. (1990). Quantification of spermatozoa in the sperm-storage tubules of 

 turkey hens and the relation to sperm numbers in the perivitelline layer of eggs. Biology 

 of Reproduction 43: 271-275. 

Brillard, J. & McDaniel, G. (1986). Influence of spermatozoa numbers and insemination 

 frequency on fertility in dwarf broiler breeder hens. Poultry Science 65: 2330-2334. 

Brown, H. & McCartney, M. (1983). Effects of dietary restriction on reproductive performance 

 of broiler breeder males. Poultry Science 62: 1885-1888. 

Brown, H. & McCartney, M. (1986). Restricted feeding and reproductive perfomance of 

 individually caged broiler breeder males. Poultry Science 65: 850-855. 

Buckner, R., Renden, J. & Savage, T. (1986). The effect of feeding programs on reproductive 

 traits and selected blood chemistries of caged broiler breeder males. Poultry Science 65: 

 85-91. 

Burrows, W. & Quinn, J. (1937). The collection of spermatozoa from the domestic fowl and 

 turkey. Poultry Science 16: 19-24. 

Casanovas, P. (2002). Management techniques to improve male mating activity and compensate 

 for the age-related decline in broiler breeder fertility: Intra-Spiking. The Poultry Informed 

 Professional 63: 1-9. 

Cerolini, S., Mantovani, C., Bellagamba, F., Mangiagalli, M., Cavalchini, L. & Reniero, R. 

 (1995). Effect of restricted and ad libitum feeding on semen production and fertility in 

 broiler breeder males. British Poultry Science 36: 677-682. 



 

46 
 

Chung, K., Smith, M. & Kattesh, H. (2012). The influence of double interspiking on 

 production and behavior in broiler breeder flocks in elevated temperature conditions. 

 Journal of Applied Poultry Research 21 63–69. 

Dawson-Hughes, B. (2003). Interaction of dietary calcium and protein in bone health in humans. 

 The Journal of Nutrition 133: 852-854. 

Ditscheid, B., Keller, S. & Jahreis, G. (2005). Cholesterol metabolism is affected by calcium 

phosphate supplementation in Humans. Journal of Nutrition 135: 1678-1682. 

Donoghue, A. M., Sonstegard, T. S., King, L. M., Smith, E. J. & Burt, D. W. (1999). Turkey     

 sperm mobility influences paternity in the context of competitive fertilization. Biology of 

 Reproduction 61: 422-427. 

Duncan, I., Hocking, P. & Seawright, E. (1990). Sexual behaviour and fertility in broiler 

 breeder domestic fowl. Applied Animal Behaviour Science 26: 201-213. 

Fasenko, G., MacKenzie, M. & Christopher, E. (2009). Breeder parent age effects on fertility,  

 embryonic mortality and broiler chick quality. Canadian broiler hatching egg producers 

 association. March 25. 

Fontana, E., Weaver, W. & Van Krey, H. (1990). Effects of various feeding regimens on 

 reproduction in broiler-breeder males. Poultry Science 69: 209-216. 

Froman, D. & Feltman, A. (1998). Sperm mobility: A quantitative trait of the domestic fowl 

 (Gallus domesticus). Biology of Reproduction 58: 379-384. 

Froman, D., Feltman, A., Rhoads, M. & Kirby, J. (1999). Sperm mobility: a primary 

 determinant of fertility in the domestic fowl (Gallus domesticus). Biology of 

 Reproduction 61: 400-405. 

Froman, D. & McLean, D. (1996). Objective measurement of sperm motility based upon sperm 

 penetration of Accudenz®. Poultry Science 75: 776-784. 



 

47 
 

Froman, D., Wardell, J. & Feltman, A. (2006). Sperm mobility: Deduction of a model 

 explaining phenotypic variation in roosters (Gallus domesticus). Biology of Reproduction 

 74: 487-491. 

Froman, D. P., Pizzari, T., Feltmann, A. J., Castillo-Juarez, H. & Birkhead, T. R. (2002). 

 Sperm mobility: mechanisms of fertilizing efficiency, genetic variation and phenotypic 

 relationship with male status in the domestic fowl, Gallus domesticus. Proceedings of the 

 Royal Society of London. 269: 607-612. 

Gaffney-Stomberg, E., Sun, B., Cucchi, C., Simpson, C., Gundberg, C., Kerstetter, J. & 

 Insogna, K. (2010). The effect  of dietary protein on intestinal calcium absorption in 

 Rats. Endocrinology 151: 1071. 

Garmon, J. & Hogan, M. (2008). Managing the modern broiler breeder male. Aviagen Brief. 

Gumulka, M. & Kapkowska, E. (2005). Age effect of broiler breeder on fertility and sperm 

 penetration of the perivitelline layer of the ovum. Animal Reproduction Science 90: 135-

 148. 

Hazary, R., Staines, H. & Wilshart, G. (2000). Assessing the efficiency of mating in broiler 

 breeder flocks by enumerating the spermatozoa which penetrate the inner perivitelline 

 layer over the germinal disk. British Poultry Science 41: 395-400. 

Heaney, R. (2002). Protein and calcium: antagonists or synergists? The American Journal of 

 Clinical Nutrition 75: 609-610. 

Hocking, P. (1989). Effect of dietary crude protein concentration on semen yield and quality in 

 male broiler breeder fowls. British Poultry Science 30: 935-945. 

Hocking, P. (1990). The relationships between dietary crude protein, body weight, and fertility 

 in naturally mated broiler breeder males. British Poultry Science 31: 743-757. 

Hocking, P. & Bernard, R. (1997a). Effects of dietary crude protein content and food intake on 

 the production of semen in two lines of broiler breeder males. British Poultry Science 38: 

 199-202. 



 

48 
 

Hocking, P. & Bernard, R. (1997b). Effects of male body weight, strain and dietary protein 

 content on fertility and musculo‐skeletal disease in naturally mated broiler breeder males. 

 British Poultry Science 38: 29-37. 

Hocking, P. & Bernard, R. (2000). Effects of the age of male and female broiler breeders on 

 sexual behaviour, fertility and hatchability of eggs. British Poultry Science 41: 370-376. 

Hocking, P. & Duff, S. (1989). Musculo‐Skeletal lesions in adult male broiler breeder fowls and 

 their relationships with body weight and fertility at 60 weeks of age. British Poultry 

 Science 30: 777-784. 

Holtzhausen, B. (2013). The importance of nutrition in broiler breeder fertility. AFMA Matrix. 

Howarth, B. (1995). Physiology of Reproduction: The Male. In: Poultry Production. Ed Hunton, 

 P. Elsevier, The Netherlands: pp 243-270. 

Kanyinji, F. & Maeda, T. (2010). Additional dietary calcium fed to Barred Plymouth Rock 

 roosters reduces blood cholesterol, elevates seminal calcium, and enhances sperm 

 motility, thermo-tolerance and cryosurvivability. Animal Reproduction Science 120: 158-

 165. 

Kappleman, J., McDaniel, G. & Rola, D. (1982). The effect of four dietary calcium levels on 

 male broiler breeder reproduction. Poultry Science 61: 1383. 

Kerstetter, J., O'Brien, K., Caseria, D., Wall, D. & Insogna, K. (2005). The impact of dietary 

 protein on calcium absorption and kinetic measures of bone turnover in women. Journal 

 of Clinical Endocrinology and Metabolism 90: 26-31. 

Kerstetter, J., O'Brien, K. & Insogna, K. (2003). Low protein intake:The impact on calcium 

 and bone homeostasis in humans. Journal of Nutrition 133: 855-861. 

Lesson, S. & Summers, J. D. (2000). Broiler Breeder Production. University Books, Canada. pp 

 35-39. 



 

49 
 

McDaniel, G., Brake, J. & Bushong, R. D. (1981). Factors affecting broiler breeder 

 perfomance. Relationship of daily feed intake level to reproductive performance of 

 pullets. Poultry Science 60: 307-312. 

McGary, S., Estevez, I., Bakst, M. & Pollock, D. (2002). Phenotypic traits as reliable 

 indicators of fertility in male broiler breeders. Poultry Science 81: 102-111. 

McGary, S., Estevez, I. & Russek-Cohen, E. (2003). Reproductive and aggressive behavior in 

 male broiler breeders with varying fertility levels. Applied Animal Behaviour Science 82: 

 29-44. 

McNab, J. M. & Fisher, C. (1984). Proceedings of the XVII World's Poultry congress. 

NRC (1994). Nutrient requirements of poultry. Ninth Revised Edition: Washington, DC. 

Parker, H., Karaca, A., Yeatman, Y., Frank, L. & McDaniel, C. (2002). Fertiility of broiler 

 breeder following categorisation by the optibreed sperm quality index when hens are 

 inseminated with a constant number of sperm. Poultry Science 81: 239-245. 

Ren, D., Navarro, B., Perez, G., Jackson, A., Hsu, S., Shi, Q., Tilly, J. & Clapham, D. 

 (2001). A sperm ion channel required for sperm motility and male fertility. Nature 413: 

 603-609. 

Revington, W., Moran, E. & McDaniel, G. (1991). Performance of broiler breeder males given 

 low protein feed. Poultry Science 70: 139-145. 

Romero-Sanchez, H., Plumstead, P. & Brake, J. (2007). Feeding Broiler Breeder Males. 1. 

 Effect of Feeding Program and Dietary Crude Protein During Rearing on Body Weight 

 and Fertility of Broiler Breeder Males. Poultry Science 86: 168-174. 

Romero-Sanchez, H., Plumstead, P., Leksrisompong, N., Brannan, K. & Brake, J. (2008).  

 Feeding broiler breeder males. 4. Deficient feed allocation reduces fertility and broiler 

 progeny body weight. Poultry Science 87: 805-811. 



 

50 
 

Rosa, A., Pilecco, M., Lucca, W. & Uttpatel, R. (2010). Calcium levels in the perfomance of 

 broiler breeder males with and without comb. Ciencia Rural 40: 2174-2180. 

Sahraei, M. (2012). Feed Restriction in broiler chickens production. Biotechnology in Animal 

 Husbandry 28: 333-352. 

Sexton, K., Renden, J., Marple, D. & Kemppainen, R. (1989). Effects of ad libitum and 

 restricted feeding on semen quantity and quality, body composition, and blood chemistry 

 of caged broiler breeder males. Poultry Science 68: 569-576. 

Shafey, T. & McDonald, M. (1991). The effects of dietary calcium, phosphorus, and protein on 

 the performance and nutrient utilization of broiler chickens. Poultry Science 70: 548-553. 

Shende, V., Singh, P., Pawar, S., Udan, R. & Singh, R. (2012). Effect of smoking on 

 membrane integrity of sperms-Study by hypo-osmotic swelling test. Internation Journal 

 of Biology and Medical Research. 3: 1919-1921. 

Tyler, N. & Bekker, H. (2012). The effect of dietary crude protein on the fertility of male 

 broiler breeders. South African Journal of Animal Science 42: 304-309. 

Tyler, N. & Gous, R. (2008). The effect of constant photoperiod on testis weight and the use of 

 comb area to predict testis weights in broiler breeder males. South African Journal of 

 Animal Science 38(2). 

Wilshart, G. (1997). Quantitative aspects of sperm: egg interaction in chickens and turkeys. 

 Animal Reproduction Science 48: 81-92. 

Wilshart, G. & Palmer, F. (1986). Correlation of the fertilising ability of semen from individual 

 male fowls with sperm motility and ATP content. British Poultry Science 11: 97-102. 

Wilson, H., Piesco, N., Miller, E. & Nesbeth, W. (1979). Prediction of the fertility potential of 

 broiler breeder males. World's Poultry Science Journal 35: 95-118. 

Wilson, H., Rowland Jr, L. & Harms, R. (1971). Use of low protein grower diets to delay 

 sexual maturity of broiler breeding males. British Poultry Science 12: 157-163. 



 

51 
 

Wilson, H., Rowland Jr, L. O., Persons, J. N. & Harms, R. H. (1969). Reproduction in White 

 Leghorn males fed various levels of dietary calcium. Poultry Science 48: 798. 

Wilson, J., McDaniel, G. & Sutton, C. (1987a). Dietary protein levels for broiler breeder 

 males. Poultry Science 66: 237-242. 

Wilson, J., McDaniel, G., Sutton, C. & Renden, J. (1987b). Semen and carcass evaluation of 

 broiler breeder males fed low protein diets. Poultry Science 66: 1535-1540. 

Wilson, J. L., Krista, L. M., McDaniel, G. R. & Sutton, C. D. (1988). Correlation of broiler 

 breeder male semen production and testes morphology. Poultry Science 67: 660-668. 

Wishart, G. (1987). Regulation of the length of the fertile period in the domestic fowl by 

 numbers of oviducal spermatozoa, as reflected by those trapped in laid eggs. Journal of 

 Reproduction and Fertility 80: 493-498. 

Wolc, A., White, I. M., Olori, V. E. & Hill, W. G. (2009). Inheritance of fertility in broiler 

 chickens. Genetics Selection Evolution 41: 47. 

Wong, W., Flik, G., Groenen, P., Swinkels, D., CMG, T., Copius-Peereboom, J., Merkus, H. 

 & Steegers-Theunissen, R. (2001). The impact of calcium, magnesium, zinc, and copper 

 in blood and seminal plasma on semen parameters in men. Reproduction Toxicology 15: 

 131-136 

 

Zhang, X., Berry, W., McDaniel, G., Roland, D., Liu, P., Calvert, C. & Wilhite, R. (1999). 

 Body weight and semen production of broiler breeder males as influenced by crude 

 protein levels and feeding regimens during rearing. Poultry Science 78: 190-196. 

 

 


	ABSTRACT
	PREFACE
	DECLARATIONS
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	ABBREVIATIONS USED
	CHAPTER 1
	GENERAL INTRODUCTION
	CHAPTER 2
	Literature review
	2.1 Introduction
	2.2 Male management through feeding
	2.2.1 Body weight control
	2.2.2 Feed restriction vs ad libitum feeding
	2.2.3 Separate-sex feeding


	2.3 Broiler breeder fertility
	2.3.1 Decline of fertility with age
	2.3.1.1 Ways to minimise age-related fertility decline
	2.3.1.1.1 Use of feed allocation
	2.3.1.1.2 Spiking
	2.3.1.1.3 Double inter-spiking


	2.4 Sperm quality and measures of fertility
	2.4.1 Semen characteristics
	2.4.1.1 Semen volume and concentration

	2.4.2 Sperm penetration of the Perivitelline layer

	2.5 Secondary Male traits
	2.5.1 Comb size

	2.6 Nutrient requirements and effects on fertility
	2.6.1 Crude protein
	2.6.2 Calcium

	2.7 Calcium and protein interaction
	2.8 Conclusions

	CHAPTER 3
	THE EFFECTS OF DIETARY CRUDE PROTEIN AND CALCIUM ON FERTILITY OF MALE BROILER BREEDERS
	3.1 Introduction
	3.2 Materials and methods
	3.2.1 Experimental design
	3.2.2 Fertility Measurements
	3.2.2.1 Sperm concentration
	3.2.2.2 Sperm mobility
	3.2.2.3 Inner perivitelline layer sperm holes

	3.2.3 Statistical analysis

	3.3 Results and discussion
	3.3.1 Body weight
	3.3.2 Sperm concentration and mobility
	3.3.3 IPVL Sperm holes

	3.4 Conclusion

	References

