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ABSTRACT 
 

 

Intravaginal progestagens in combination with gonadotrophins have been used to 

synchronise oestrus in goats. Recently, the use of “biostimulation” in combination with 

progestagens is advocated because of ethical concerns regarding hormone residues in food 

products, environmental contamination and decreased fertility of gonadotrophin-treated 

does. The aim of the study was to evaluate the influence of buck exposure and progestagen 

treatments on reproductive responses in goats. Six experiments using Red Sokoto (RS) and 

Sahel (SH) goats were carried out in the dry (November to April) and rainy (May to 

October) seasons. In experiment one, the influence of continuous exposure to bucks during 

progestagen treatment and season on oestrus behaviour and fertility of goats was evaluated. 

The RS does were treated with Controlled Internal Drug Release (CIDR) device with or 

without continuous exposure to aproned bucks for 14 days in the dry and rainy seasons. 

Does were bred on standing oestrus. The result showed that the male effect was comparably 

effective in inducing oestrus in goats during the dry and rainy seasons. Mean oestrus 

response rare was higher in buck-exposed than non-exposed Red Sokoto does in both the 

dry (87.5 % vs 52.5 %) and rainy seasons (88.6 % vs 50.0 %). Exposure to buck during 

CIDR treatment also improved oestrus response and conception rates in RS does. In 

experiment two, the effect of buck stimulus at the end of progestagen treatment and season 

on oestrus pattern and fertility of goats was evaluated. The SH does were treated with 

exogenous progesterone via a CIDR device with or without aproned buck exposure seven 

days to the end of progestin treatment in the dry and rainy seasons. The SH does were bred 

on standing oestrus. The results indicated that the male effect was more pronounced in 

inducing oestrus in SH goats in the rainy season than dry season. Mean oestrus response rate 

was higher in buck-exposed than non-exposed Sahel does in the dry (57.4 % vs 40.4 %) and 

rainy (60 % vs 45 %) season. In experiment three, the influence of buck exposure, season 

and dose of fluorogestone acetate on oestrus behaviour and fertility of goats was evaluated. 

The RS does received either 30 mg or 45 mg fluorogestone acetate intravaginal pessaries 

with or without continuous exposure to aproned bucks for 14 days in the dry and rainy 

seasons. Does were bred on standing oestrus. Oestrus response was higher in the buck 

exposed than non-exposed RS does in the dry (67.9 % vs 52.5 %) and rainy (80.0 % vs 71.1 

%) seasons. It was concluded that dose of progestagens did not significantly affect oestrus 
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response, time to onset of oestrus, duration of oestrus and mounts per oestrus period. 

Exposure of does to buck during progestagen treatment enhanced oestrus response and 

pregnancy rates in Red Sokoto goats. In experiment 4, the influence of male stimulus at the 

end of progestagen treatment, dose of fluorogestone acetate and season on oestrus and 

fertility of Sahel goats was evaluated. The SH does were treated with either 30 mg or 45 mg 

fluorogestone acetate intravaginal sponges with or without limited buck exposure in the dry 

and rainy seasons. Does were bred on standing oestrus. Oestrus response was higher in the 

buck-exposed does (70.8 %) than in the non-exposed does (50.0 %). Pregnancy rates were 

higher in the dry (60.9 %) than in the rainy season (45.8 %). It was concluded that dose of 

progestagens did not significantly affect oestrus response in Sahel goats. Teasing during 

progestagen treatment enhanced oestrus response and pregnancy in the goats. The dry 

season favoured pregnancy rates in Sahel goats than the rainy season. In experiment five, the 

serum progesterone profiles of RS does treated with different progestagens with or without 

continuous buck exposure was evaluated. Does received either CIDR devices, 30 mg 

fluorogestone acetate intravaginal pessaries, 45 mg fluorogestone acetate intravaginal 

pessaries, with or without continuous exposure to aproned Red Sokoto bucks for 14 days. 

Serum progesterone levels were similar in the buck-exposed and non-exposed Red Sokoto 

does across the days of treatment. In experiment six, the serum progesterone profiles of SH 

does treated with different progestagens with or without limited buck exposure was 

evaluated. Does received CIDR devices, 30 mg fluorogestone acetate intravaginal pessaries, 

45 mg fluorogestone acetate intravaginal pessaries, with or without limited exposure to 

bucks. Serum progesterone levels were similar in the buck-exposed and non-exposed Sahel 

does across the days of treatment. 
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CHAPTER ONE 

 
 

1.0              INTRODUCTION 

 

1.1 BACKGROUND 

The demand for food to feed the world‟s growing population has necessitated a 

higher demand for animal products such as meat, eggs and milk (FAO, 2013). Goats provide 

food for the growing population in the form of meat and milk, while goat skin and hair serve 

as raw materials in the clothing and leather industries (Morand-Fehr et al., 2004; Ajala, 

2004; Boyazoglu et al., 2005).  In Nigeria, goats play a very important role in the economy 

of rural dwellers, especially the women folk (Ajala, 2004; Odeyinka and Okunade, 2005). 

The potential importance of goat meat in meeting the protein requirement of Nigeria has 

been reported (Akusu, 2003; Ozung et al., 2011). The demand for meat from goat 

production may be met on a sustainable basis in Nigeria through intensive goat production, 

involving estrus synchronisation, which facilitates strategic breeding techniques for twice 

yearly kidding and feed-lot fattening of kids (Kawu, 2000). Several methods of oestrus 

induction in goats have been described (Abecia et al., 2012). There are hormonal (use of 

prostaglandins, progestagens, gonadotrophin, melatonin) and non-hormonal methods such as 

photoperiod control, flushing, buck introduction to stimulate reproductive cyclicity/buck 

effect (Mellado et al., 2000; Delgadillo et al., 2006, 2009). Although the hormonal methods 

are more effective, they are more expensive while the non-hormonal methods, though less 

effective, are cheaper and easy to apply in practice (Delgadillo et al., 2009; Ungerfeld, 

2011). Non-hormonal methods are alternatives to the conventional methods of oestrus 

synchronisation (Martin et al., 2004a; Delgadillo et al., 2009). The most popular non-
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hormonal methods include the „male effect‟ and flushing (Rosa and Bryant, 2002; Keskin, 

2003; Ungerfeld et al., 2003; Ungerfeld, 2005; Gelez and Fabre-Nys, 2004, 2006; Delgadillo 

et al., 2011a; van Rooyen, 2013). 

 

Biostimulation is the stimulatory effect of a male on oestrus and ovulation through the 

genital or pheromonal stimulation, or other less well-defined external cues (Rekwot et al., 

2000a; 2001; 2004). In domestic animals and humans, priming pheromones from the male 

have an influence on the induction of puberty (Rekwot et al., 2000a; Nishimura et al., 2005), 

oestrus (Mellado et al., 2000; Chemineau et al., 2006), ovulation (Delgadillo et al., 2011b; 

Ungerfeld, 2011; van Rooyen, 2013), sexual attraction (Grammer et al., 2005; Reolofs et al., 

2008), sexual territoriality (Wyatt, 2009), termination of seasonal anoestrus and shortening 

of postpartum anoestrus (Rekwot et al., 2001; 2004; Berardinelli et al., 2005; Landaeta-

Hernandez et al., 2006; Delgadillo et al., 2015). The „male effect‟ has long been known in 

goats (Hawken et al., 2005; Delgadillo et al., 2009; Simoes, 2015) and sheep (Rosa and 

Bryant, 2002; Martin et al., 2004a,b; Ungerfeld et al., 2004). The response of females 

exposed to the male effect involves an increase in luteinizing hormone (LH) pulse frequency 

that ends with an LH surge, similar to that observed during the follicular phase of a normal 

oestrous cycle, which is followed by ovulation (Ungerfeld, 2007; Hawken et al., 2008; 

Hawken and Martin, 2012). The LH promotes follicular development and oestradiol 

production (Endo and Tanaka, 2015).  

 

The sudden introduction of males to a herd of anoestrus females induces the onset of 

reproductive activity in cattle (Rekwot et al., 2001; Ungerfeld, 2009; Fiol et al., 2010), 
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sheep (Ungerfeld et al., 2002, 2004; Yildiz et al., 2003; Hawken et al., 2007; Hawken and 

Beard, 2009; Ungerfeld, 2011) and goats (Veliz et al., 2006; Alvarez et al., 2009; Delgadillo 

et al., 2011b; Zarazaga et al., 2011; Celi et al., 2013). Using the „male effect‟ for oestrus 

synchronisation is more economical than exogenous hormone administration and is 

recommended in extensive production when animals are cycling (Keskin, 2003). The 

vocalisation emitted by sexually active males stimulates oestrus behaviour and LH 

pulsatility in anoestrus does. However, it is also known that pheromonal emission alongside 

other sensory cues is greatly influenced by season (Avdi et al., 2004; Lopez-Sebastian et al., 

2007; Hawken et al., 2009; Zarazaga et al., 2011).  

 

1.2 STATEMENT OF RESEARCH PROBLEMS 

There is a growing concern all over the world on the use of exogenous hormones in animal 

production due to drug residues in animal products (van Rooyen, 2013). The use of 

progestagens plus equine chorionic gonadotrophin (eCG), which mimics the hormonal 

pattern of a normal oestrous cycle is effective for obtaining a high percentage of does in 

oestrus (Mellado et al., 2000; Delgadillo et al., 2011a; Ungerfeld, 2011; Omontese et al., 

2012). However, this technique is far from being cost effective under local market 

conditions, especially in a developing country like Nigeria.  

 

A variety of oestrus synchronisation regimes for cattle, sheep and goats indicate that the 

administration of pregnant mare serum gonadotrophin (PMSG), human chorionic 

gonadotrophin (hCG), follicle-stimulating hormone (FSH) or gonadotrophin-releasing 

hormone (GnRH) enhances the ovulatory response of progestagen or prostaglandin-treated 
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animals (Dare et al., 2010; Abecia et al., 2012; Omontese et al., 2012; 2013a; 2013b). This 

is particularly important because sufficient gonadotrophins must be available to initiate the 

preovulatory events. However, the use of gonadotrophins increases the cost of the 

synchronisation scheme and occasionally reduces fertility in does repeatedly treated with 

eCG consequent upon immune responses against this hormone (Drion et al., 2001; Maurel et 

al., 2003; Herve et al., 2004; Viudes et al., 2007). The eCG treatment may cause “unwanted 

superovulation”, resulting in ewe mortalities and reduced viability of lambs (Maurel et al., 

2003; van Rooyen, 2013). Furthermore, multiple injections of GnRH (Holtz et al., 2008) or 

FSH (Lehloenya et al., 2008) are required to obtain a preovulatory LH peak in progestagen-

treated animals.  

 

In sheep and cattle, teasing during or after progestagen treatment increases the number of 

ewes and cows in oestrus (Hawken et al, 2005; Hawken and Beard, 2009), improves 

conception rate (Lassoued et al., 2009; Fabry Nys, 2013; van Rooyen, 2013) and reduces 

lambing interval (Morales-Terán et al., 2011). Similarly, Ungerfeld et al. (2003) reported 

concentrated oestrus following medroxyprogesterone priming in ewes exposed to rams 

during the non-breeding season. In another study, the onset of oestrus was advanced in ewes 

treated with prostaglandin during the breeding season by the introduction of rams 

(Ungerfeld, 2011). Consequently, it is conceivable that the introduction of bucks during 

progestagen treatment may enhance oestrus response and reproductive performance of goats. 

In the tropics and specifically Nigeria, such studies in goats are scanty. 
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The effect of various progestagens (EAZI-Breed Controlled Internal Drug Release devices 

(CIDR
®
) Fluorogestone Acetate intravaginal pessaries (FGA-30

®
 mg and FGA-40

®
 mg) 

alone and in combination with eCG has been evaluated in Red Sokoto (RS) and Sahel (SH) 

goats (Omontese, 2009; 2012), but there is a paucity of information on the influence of buck 

exposure or teasing during progestagen treatment in both RS and SH goats.  

  

1.3 JUSTIFICATION OF THE STUDY 

The RS and SH goats are the most widespread breeds of goats in Northern Nigeria. 

Information on effective, cheap and “easy to apply” oestrus synchronisation protocols using 

the buck effect and progestagens will enable farmers to improve the reproductive efficiency 

of their flocks. Since the „male effect‟ stimulates an increase in LH pulsatility (Ungerfeld et 

al., 2004), it is possible that buck exposure will improve oestrus response and reproductive 

performance of progestagen-treated does.  

 

The introduction of males causes expression of oestrus behaviour in progestagen-treated 

ewes and does. This expression of oestrus behaviour may occur through a greater follicular 

growth rate and estrogen secretion, caused by an increasing LH pulse frequency similar to 

the activity of eCG, thereby reducing the possibilities for silent oestrus (Mellado et al., 

2000; Ungerfeld et al., 2004; Hawken et al., 2007; Delgadillo et al., 2011b). Consequently, 

the cost of acquiring exogenous gonadotrophin may be channeled into other aspects of 

production such as feeding and improving livestock husbandry practices. 
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Reduced fertility rates have been reported following repeated administration of exogenous 

gonadotrophin due to an immune response against the hormone (Maurel et al., 2003; Herve 

et al., 2004). Therefore, the substitution of exogenous gonadotrophin with “buck effect‟ 

following progestagen treatment may play complementary roles in ensuring the availability 

of adequate amounts of LH required to initiate preovulatory events.  

 

Importantly, this research will evaluate newer approaches to the use of „biostimulation‟ 

involving stimulatory effects induced by the presence of a male on reproductive 

characteristics of females; for example, the onset of puberty, oestrus expression and 

ovulation induction. This non-hormonal approach could help minimise the use of exogenous 

hormones in improving productivity of sheep and goats; hence, reducing cost of drugs and 

also the exposure of humans to meat and milk containing hormone residues with its 

attendant health hazards.   

 

1.4 GENERAL AIM OF THE STUDY 

The aim of this study was to investigate the influence of „buck exposure‟ on oestrus 

response and fertility of progestagen-treated RS and SH does.  

 

1.5 SPECIFIC OBJECTIVES OF THE STUDY 

The specific objectives of this study were to evaluate the; 

1. Influence of „buck exposure‟ (male effect) on oestrus response, conception and 

kidding rates of progestagen-treated RS and SH goats. 
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2. Influence of „buck exposure‟ (male effect) and dose of progestagen on oestrus 

response, conception and kidding rates of RS and SH goats. 

3. Influence of „buck exposure‟ (male effect) on serum progesterone (P4) profiles of RS 

and SH goats following treatment with different progestagen types; (EAZI-Breed 

Controlled Internal Drug Release [CIDR
®
] devices and Fluorogestone Acetate 

intravaginal pessaries [FGA-30 mg
®
 and FGA-45 mg

®
]).  

 

1.6 STATEMENT OF RESEARCH HYPOTHESIS 

Null hypothesis (Ho): Buck exposure does not affect oestrus response and fertility rates of 

progestagen-treated RS and SH goats.  
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CHAPTER TWO 

 

2.0        LITERATURE REVIEW 

2.1 GOATS 

Goats are one of the oldest domesticated animal species (Boyazoglu et al., 2005; Galal, 

2005). They are renowned for their hardiness and can survive in most environments 

(Boyazoglu et al., 2005). For thousands of years, goats have been reared for milk, meat, 

hairs and hides (Morand-Fehr et al., 2004; Boyazoglu et al., 2005). Goat population has 

increased worldwide during the last three decades and is presently estimated at 

approximately 840 million heads (Simela and Merkel, 2008). With an increase in demand by 

consumers for low-fat red meat alternatives, the future of the goat meat industry looks 

promising (Dhanda et al., 2003). Despite the fact that goats can be intensively managed with 

high inputs for specialty markets, goat production occurs predominantly in developing 

countries to provide meat and milk for a family‟s consumption (Morand-Fehr et al., 2004; 

Olivier et al., 2005). Therefore, goat production is primarily associated with poverty 

reduction strategies and has been neglected in development plans of many countries (Dubeuf 

et al., 2004). In developing countries, people suffer from malnutrition, since food is scarce 

or unbalanced in terms of nutrients. Addressing this situation requires that alternatives in 

terms of sources of animal protein are investigated and goats are potent sources of protein 

(Greyling et al., 2004). Goat meat on average consists of 72.3 % moisture, 21.0 % protein, 

4.7 % fat and 1.1 % ash per 100 g of fresh meat (Dhanda, 2001). Studies comparing sheep 

and goat meat based on their protein contents have revealed that chevon is not inferior to 

mutton (Hoffman et al., 2002).  
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Goats rank high after cattle in the production of meat, milk and hides in the tropics 

(Boyazoglu and Morand-Fehr, 2001; Dhanda et al., 2003). Besides, they rank second in 

income generation after cattle and remain preferred to other kinds of meat (Otuma, 2006). 

Short gestation period and high fecundity rate make them distinct for selection as a good 

source of animal protein and income generation for poor rural farmers (Dubeuf et al., 2004; 

Galal, 2005).  Goat populations have been described as comprising three main types; 

namely, fibre goats (e.g., Angora, Cashmere), dairy goats (e.g., Saanen, Toggenburg, 

Nubian) and meat goats (e.g., Boer, Spanish) (Dhanda et al., 2003). 

 

2.2 GOAT PRODUCTION IN DEVELOPING COUNTRIES  

The bulk of the world‟s goat population is found in south-east Asia and Africa, where goats 

are the major source of meat. Unfortunately, lack of an organized goat meat industry and 

marketing structure in developing countries is primarily responsible for their poor export 

earnings compared to those in developed countries such as Australia and New Zealand 

(Dhanda et al., 2003). Most developing countries are located in the tropics and subtropics 

(Greyling et al., 2004; Boyazoglu et al., 2005). The per capita income in these countries is 

low as compared to developed nations (Olivier et al., 2005). Similarly, the dietary intake of 

carbohydrate and, especially, protein of individuals in developing countries is also low. 

Countries in Africa and south-east Asia have the lowest animal protein and goats are the 

major source of meat production intake compared to developed countries where goats are 

considered as specialty or exotic livestock (FAO, 2003). Approximately 79 % of the world‟s 

populations of goats are distributed amongst less-developed countries (Galal, 2005; Olivier 

et al., 2005).  
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Goats play a significant role in the food chain and overall livelihoods of rural households, 

where they are largely the property of women and their children (Lebbie, 2004). In 

developing countries, goats are chiefly raised for meat products, although they also possess 

dairy potential as one of their main attributes (Olivier et al., 2005). It is difficult to quantify 

goat milk consumption in developing countries because it is not widely sold, but instead is 

locally consumed (Dubeuf et al., 2004). Vitamin A level in goat milk is almost twice that of 

cow milk. Goat milk has higher medicinal value than cow milk, high vitamin B content and 

high digestibility, which makes it helpful in relieving stress and constipation. In addition, the 

fats in goat milk are easily digested, because of their smaller fat globules (James et al., 

2005). The demand for goat meat surpasses supply in most less-developed countries, which 

in turn raises the unit price sold for goat compared to mutton (Devendra, 2001). Rural 

households own greater than 90 % of the goat population in less developed countries 

(Boyazoglu et al., 2005).  

 

2.3 NIGERIAN BREEDS OF GOAT  

The estimated population of goats in Nigeria is 54.5 million (FAOSTAT, 2009). The 

Nigerian goat population is the largest in Africa and the fourth largest in the world after 

India, China and Pakistan (Devendra, 2001; FAOSTAT, 2009). The vast majority of the 

small ruminant are found in the northern parts of Nigeria (Zahradeen et al, 2008; Ozung et 

al., 2011). Goats contribute about 24 % of the Nigerian meat supply (Otuma, 2006). Three 

main varieties and crosses of goats are recognised in Nigeria; the Sahel, Desert or West 

African long-legged goat, the Red Sokoto and the West African Dwarf (WAD) goat (Ngere 
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et al., 1984; Odo, 2003; Zahradeen et al., 2007, 2008; Okonkwo et al., 2011; Ozung et al., 

2011). Goat rearing has increased over the past 30 years in Nigeria (Otuma, 2006).  

2.3.1 The Sahel or Desert Goat 

The Sahel goat is found along the northern borders of Nigeria (Maina et al., 2006; Igbokwe 

et al., 2009). It is generally the goat variety preferred by pastoralists because of their 

adaptability to the semi-arid and arid regions, their ability to withstand drought condition, 

their prolificacy and hardiness (Otuma and Osakwe, 2008). It is the least populous goat 

breed in Nigeria (Zahradeen et al., 2008). The coat colour is often white or dappled, the ears 

are pendulous and the legs are notably longer than other breeds of goats in the country. 

Sahel goats are found in the semi-arid zones of the Northern parts of the country (Zahradeen 

et al., 2008; Waziri et al., 2010). They are long-legged with good adaptation to this arid 

environment (Igbokwe et al., 2009). The Borno white ecotypes are recognized by their 

physical appearance and performance (Kwari et al., 2004). Oestrus duration of 42-43 hours 

and time to onset of oestrus of 37 hours have been reported following oestrus 

synchronisation in Sahel goats using prostaglandins (Omontese et al., 2013a).  

 

Age at first kidding is reported at 13 months (Wilson, 1991). Weight at birth is reported to 

range from 1.10 ± 0.22 kg to 1.5 ± 0.19 kg in the dry and rainy seasons, respectively, while 

males display significant superior birth weight than females (Otuma and Osakwe, 2008). 

Sahel goats breed all year round and reach live weights of about 16 kg to 20 kg at 18 months 

of age (Otuma and Osakwe, 2008). Age of the Sahel buck is a major determinant of the 

semen quality in the humid zone of Nigeria (Oyeyemi et al., 2011). The multi-coloured 

Sahel breed of goat is known for its good meat quality, but poorer meat yield, compared to 
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the RS goat (Pagot, 1993). It is also reported to produce the highest milk yield under semi-

intensive management system in the Savannah zone of Nigeria compared to RS and West 

African Dwarf breed of goats (James et al., 2005; Zahraddeen et al., 2008).  

 

2.3.2 The Red Sokoto Goat 

The RS (Kano Brown, Savannah Brown or Maradi) goat is probably the most widespread 

and well-known type in Nigeria (Ngere et al., 1984; Zahradeen et al., 2007, 2008; Ozung et 

al., 2011) and consists of about 60 % of the Nigerian goat population (FAOSTAT, 2009). It 

is found in the Northern Guinea Savannah zone of Nigeria (Daudu, 1984; Okonkwo et al., 

2011). It is the usual village goat in the northern two-thirds of Nigeria although it is less 

common with trans-human pastoralists (Midau et al., 2010). RS goats are year-round 

breeders with age and weight at first oestrus ranging from 120 – 157 days and 10 – 18 kg, 

respectively (Wilson, 1991). Oestrous cycle length and oestrus duration of the RS goat 

ranges from 19-21 days and 19-26 hours, respectively (Wilson, 1991; Pathiraja et al., 1991; 

Fasanya et al., 1992a).  Completion of uterine involution and first post-partum oestrus occur 

between 24-28 days and 19-30 days, respectively (Fasanya et al., 1992b; Kawu et al., 2003). 

The total testis and epididymis weights of adult RS goats represents 0.56 % of body weight 

at 2–2.5 years‟ old (Daudu, 1984).  

 

It is suggested that populations of the RS goats are spread across the southern and eastern 

parts of Northern Nigeria from Sokoto through the Savanna belts, giving rise to the Kano 

Brown and, further east, to the Sahel types of Borno State (Wilson, 1991). The breed is a 

good meat animal and it weighs about 1.5-2.0 kg at birth and reaches about 12.0 kg, when 
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weaned at 3 months under good management (Adeyinka and Mohammed, 2006). The RS 

goat is the source of „Morocco leather‟ known in Europe from the medieval period onwards 

and it acquired its name because it was transported across the Sahara by caravans controlled 

by Moroccan merchants (RIRDC, 2003). The skin of the RS goat is known for its suitability 

for fine leather, which commands premium in the international market (Akusu, 2003; 

RIRDC, 2003). In addition, more than any other species of ruminants, goats serve as an 

alternative investment readily converted to cash to meet crucial financial needs of members 

of rural communities (Chentouf et al., 2011; Otaru et al., 2011).  The breed is highly prolific 

and widely distributed in Nigeria (Otuma and Osakwe, 2008).  

2.3.3 The West African Dwarf Goat  

The WAD is found in the humid forest belts of Nigeria. West African Dwarf goats reared 

traditionally have proven to be fertile and prolific, and these attributes may, however, be 

negated by constraints such as disease, nutrition and poor management (Faye et al., 2004; 

Otaru et al., 2011). Although WAD goat is found in „many local types‟, no published 

account differentiates them. WAD goats are stereotypically said to be native to the forest 

belts, but their presence in Borno State and in adjacent Republics of Cameroon and Chad 

suggests that they were far more widespread until recently. The WAD goat corresponds to 

the West African Grassland Dwarf, described for Cameroon by Ndamukong et al. (1989). 

They usually appear in white, brown and black coat colours with prolificacy and fecundity 

rates highly affected by coat colour types (Ebozoje and Ikeobi, 1998).   

The WAD goat originally evolved from a long-legged type, probably ancestral to today‟s 

Sahel goat (Epstein and Mason, 1971). The WAD is usually black, although patched, pied, 
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and occasionally all-white animals can be seen, even on the coast (Epstein and Mason, 

1971). Chang and Landauer (1950) argued that the WAD is a proportionate dwarf, but 

Epstein and Mason (1971) reported that the distorted forms and extremely short legs do 

suggest achondroplasy. Physiological experiments have shown that the WAD goat is not 

particularly adapted to high ambient temperatures although it is trypanotolerant because the 

breed thrives in tsetse areas in Nigeria (Leigh and Ajibade, 2010).  

 

The mean oestrous cycle lengths and oestrus duration of WAD does has been reported to be 

19.4 ± 1.7 d and 33.3 ± 6.6 h, respectively (Akusu, 2003). Progesterone levels are minimal 

(0.18 ± 0.04 ng/ml) on the day of oestrus, reach a mean level of 3.45 ± 0.12 and 0.74 ng/ml 

during pregnancy and parturition, respectively. Postpartum progesterone levels in WAD 

goats are generally lower than 1 ng/ml (Akusu, 2003). Kidding intervals in the WAD goat is 

261 ± 75 days, with an average litter size of 1.6 ± 0.5. Annual reproductive rate is 2.3 kids 

per doe, and is influenced by age of dam, month and year of parturition (Adeoye, 1985). The 

WAD goats, apparently, perform better during the dry period when they are virtually free 

from diseases/parasites and can make use of crop by-products or feed resources by browsing 

(Adeoye, 1985). Osinowo (1990) reported that the WAD goats in their natural habitat are 

about 50 cm in height and 20 kg in weight, but tend to be larger as they approach the 

Savannah zone of Nigeria.  

 

2.4 OESTROUS CYCLE IN GOATS 

Oestrus is the time at which the female is receptive to the male and stands to be mated, while 

the period of time between two oestrus events is defined as the oestrous cycle (Thompson et 
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al., 2004; Fatet at al., 2011). The length of the estrous cycle in goats ranges from 19 to 21 

days in most of the breeds (Greyling, 2000; Wildeus, 2008, 2010) although the pygmy goat 

has an estrous cycle length of 24 days (Jarosz et al., 1971). Generally, the oestrous cycle is 

divided into four major stages viz; proestrus, oestrus, metoestrus and dioestrus, and, each 

stage is characterized by a predominant hormone which usually affects the animal 

behaviour. Measurements of intravaginal impedance can be useful to monitor the oestrous 

cycle in goats (Blaszczyk et al., 2013). Oestrus behaviour is influenced by age (Song et al., 

2006), presence of the male (Romano, 2001, 2002; Rivas-Munoz et al., 2007; Lopez-

Sebastian et al., 2007), hormone treatments (Omontese et al., 2012, 2013a; Kaya et al., 

2013; Christensen et al., 2014), season (Pierson et al., 2003; Chemineau et al., 2008; 

Lehloenya et al., 2008) and breed (Hashemi et al., 2006; Moeini et al., 2007).  Oestrus 

duration ranges between 21 to 26 hours in RS goats (Osinowo, 1990; Wilson, 1991; 

Pathiraja et al., 1991; Fasanya et al., 1992a), 22 hours in Angora goats (van Rensburg, 

1971), 37 hours in the Boer goat (Greyling, 2000) and 96 hours in pygmy goats (Jarosz et 

al., 1971). The most commonly stated oestrus length is 36 to 37 h (Greyling, 2000; Fatet et 

al., 2011).  

 

Goats have one to four ovarian follicular waves during the estrous cycle, with four waves 

being the most common (Menchaca and Rubianes 2002; Medan et al., 2003a, 2005; Fatet et 

al., 2011). A follicular wave is defined by sequential days of entry of follicles ≥ 6 mm into 

the active pool, and the emergence day is defined as the first day that the ≥ 6 mm follicles 

were 3 mm (Medan et al., 2003a). Only the first and the fourth waves have evident follicular 

dominance, while follicles from the first wave and the ovulatory (fourth) wave reach larger 



 

16 

 

diameters and have greater tenacity, compared to the second and third waves (Menchaca and 

Rubianes, 2002; Fatet at al., 2011). Ginther and Kot (1994) reported that the fourth wave 

emerged on average, on day 13 of the cycle and the inter-wave intervals (days) were longer 

for waves 1 and 4, compared to those for waves 2 and 3. The interval between the end of 

oestrus synchronisation treatment (removal of sponge or administration of prostaglandin) 

and onset of oestrus is affected by the ovarian follicular dynamics (Fonseca et al., 2005, 

Wildeus, 2008). The time of ovulation in goats vary between breeds with a wide range 

between 24 to 103 hours (Menchaca and Rubianes, 2001; Fatet et al., 2011). Greyling 

(2000) reported a value of 36.8 hours after the onset of oestrus in the Boer goat doe.  

 

The pre-ovulatory luteinising hormone (LH) peak is reported to occur 8 to 11.6 hours after 

the onset of oestrus (Greyling, 2000), while the corpus luteum (CL) is found to reach its 

maximum diameter between days 8 and 14 of the cycle (Castro et al., 1999). Early CL lysis, 

occurring within the first 5 to 6 days of the estrous cycle, is reported to create a tight and 

synchronised period of ovulations with a shorter interval between lysis and ovulation when 

compared with the CL lysis. CL lysis occurs at a more advanced luteal stage of between day 

11 to 16 (Gonzalez-Bulnes et al., 2005). Ovulation rate is the number of eggs produced per 

cycle and the rate ranges from 1 to 2 per cycle with up to 3 eggs occasionally ovulated 

(Schwartz and Wieerchos, 2000). Ovulation rate is reported to increase with age and then 

reaches a maximum at 3 to 6 years before declining gradually (Schwartz and Wieerchos, 

2000). Ovulation rates may be increased by administration of gonadotropins such as eCG, 

FSH, human chorionic gonadotropin (hCG) and mixed gonadotropin preparations, such as 

PG 600
®
 which contains 400 IU PMSG and 200 IU hCG. In general, the use of 
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gonadotropins to increase prolificacy has been hampered by great variability in the 

ovulatory response (Knights et al., 2003). Following ovulation, the viability of the ova 

ranges from 10 to 25 hours for uptimum fertilization to occur.  

 

The use of real-time ultrasonographic techniques to monitor the pattern of antral follicular 

development in cattle and goats has increased the understanding of the dynamics of 

follicular development, growth, dominance and atresia as well as the ovulatory process 

(Baril et al., 2000; Padilla-Rivas et al., 2005). In the goat, progesterone concentrations begin 

to rise 2 days after oestrus to reach the peak on day 12 to 15 of the cycle (Menchaca and 

Rubianes, 2001; Kawu et al., 2007; Wildeus, 2008; Fatet et al., 2011). Progesterone level 

variability is related to breed and number of corpora lutea (Fonseca and Torres, 2005).  

 

2.5 REGULATION OF THE OESTROUS CYCLE IN GOATS 

The oestrous cycle in the doe, similar to other mammals, is controlled through the endocrine 

system. Importantly, the hormonal regulation of reproductive processes comprises the 

hypothalamo-pituitary-ovarian axis (Table 2.1). Releasing hormones from the hypothalamus 

(GnRH) control the function of the anterior pituitary (Figure 2.1). Gonadotropic hormones 

from the anterior pituitary (FSH and LH) control the functions of the ovary, involving the 

production of ova and hormones (Fatet et al., 2011). In turn, through feedback mechanism 

involving the hypothalamus, the steroid and protein hormones of the ovary regulate the 

release of the gonadotropins (Fatet et al., 2011).  
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The gonadal steroids (estradiol and progesterone) maintain optimum conditions for 

reproduction through their effects on mating behaviour and the female reproductive tract. 

Prostaglandin F2α, produced in the uterus, is an important determinant for continuation of 

pregnancy or beginning of a new oestrous cycle in the doe, as it is responsible for CL 

regression (Figure 2.2). Other hormones produced by the placenta in some species (hCG in 

humans) and (eCG in mares) have gonadotropin-like effects and can be applied in 

biotechnological control of reproduction in goats (Figure 2.1; Fatet et al., 2011).  

 

Factors that affect the onset of oestrus in ruminants following oestrus synchronisation 

treatment include season, nutrition, stress, type of progesterone or prostaglandins, male 

effect and gonadotropins (Romano, 2002; Vinoles et al., 2005; Bindari et al., 2013; 

Palomino et al., 2014). Poor nutrition causes irregular oestrous cycles, reduced ovulation, 

weak offsprings, pregnancy toxaemia and reduced twining in does (Fasanya et al., 1992b; 

Mani et al., 1992; Vinoles et al., 2005; Zarazaga et al., 2005; Endo and Tanaka, 2015). In a 

study by De Santiago-Miramontes et al. (2008), a 7-day nutritional supplementation in 

combination with socio-sexual stimulus provided by sexually active males had a positive 

short-term effect on oestrus behaviour and ovulatory responses of female goats. In the study, 

the ovulation rate at the first ovulation was greater in nutritionally supplemented does 

compared to non-supplemented does. The increase in ovulation rate may be due to the fact 

that nutritional supplementation promotes the growth of a greater number of ovulatory 

follicles and decreases follicular atresia in supplemented goats and ewes (Munoz-Gutierrez 

et al., 2002). Seasonality of neuroendocrine activity is responsible for the large variation in 

sexual activity in temperate and subtropical breeds (Thiery et al., 2002; Rivera-Lozano et 
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al., 2011), unlike in tropical breeds of goats. Lactation also influences oestrus behaviour in 

goats and sows due to the negative feed-back exerted by prolactin on the hypothalamo-

pituitary-gonadal axis (Akusu, 2003; Zak et al., 2008). Beta-carotene supplementation 

positively affects serum triiodothyronine concentrations around puberty in female goats by 

activating thyroid molecles (Meza-Harrera et al., 2014). Other factors such as breed and 

prolific gene have been reported to affect follicular dynamics (Vinoles et al., 2005). Early 

findings in goats show that follicle waves developing under continuous and high 

progesterone concentrations have smaller follicles than those developing when progesterone 

concentration are low. Besides, stage of the breeding season affects the number of waves in 

the oestrous cycle (Ginther and Kot, 1994). The occurrence of short or shortened cycles in 

goats could be due to different effects of high progesterone exposure on CL lifespan 

(Menchaca and Rubianes, 2001). During the transition into the seasonal anoestrus, the length 

of the inter-ovulatory cycles and the number of follicular waves are more variable (Ginther 

and Kot, 1994).  
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Table 2.1: Hormonal Regulation of the Reproductive Cycle in Female Domestic 

Animals 

 

Gland 

 

Hormone 

 

Chemical 

class 

 

Principal function 

Hypothalamus Gonadotropin-

releasing hormone 

Peptide 1. FSH and LH release  

Anterior 

pituitary 

Follicile-stimulating 

hormone (FSH) 

 

Luteinising hormone 

(LH) 

Protein 

 

 

Protein 

1. Follicle growth 

2. Oestrogen release 

 

1. Corpus luteum (CL) 

formation and function  

Ovary Oestrogens 

(Oestradiol) 

 

 

 

Progestins 

(Progesterone) 

 

Inhibin 

Steroid 

 

 

 

Steriod  

 

 

Protein  

1. Mating behaviour 

2. Secondary sex characteristics 

3. Mammary growth 

 

1. Maintenance of pregnancy 

2. Mamary growth 

 

1. Prevention of FSH release 

Placenta Human chorionic 

gonadotrpin 

Equine chorionic 

gonadotropin 

Protein 

 

Protein 

1. LH-like 

 

1. FSH-like 

Uterus Prostaglandin F2α Lipid 1. CL regression 

2. Parturition 

 

(Source: Ptaszynska, 2009)
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PGF2α - Prostaglandin 

 

Figure 2.1: Endocrine control of reproduction in the female 

(Source: Rekwot and Omontese, 2012).  
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Figure 2.2: Schematic Representation of the Different Physiological Events occurring 

during the Oestrus Cycle in Goats: Pattern of Follicle Development. *Ovulatory follicle 

(s). Source: Fatet et al. (2011).  

Ovulation  

Ovulation 
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The interactions (Figure 2.2) are summarized as follows: 

a. GnRH from the hypothalamus stimulates the release of FSH and LH from the anterior 

pituitary. 

b. FSH stimulates production of oestradiol and inhibin by granulosa cells in the ovarian 

follicle. 

c. Inhibin selectively inhibits release of FSH and exerts paracrine effect on other follicles. 

d. When progesterone is low, high concentrations of estradiol stimulate a greater surge of 

GnRH, FSH, and LH by positive feed-back control. 

e. LH surge stimulates ovulation of dominant follicles. 

f. LH stimulates production and release of progesterone by granulosa cells in the CL. 

g. High concentrations of progesterone inhibit the release of GnRH, FSH, and LH by 

negative feed-back control. 

 

2.6 OESTRUS SYNCHRONISATION 

Oestrus synchronisation is a reproductive management tool that enables the manipulation of 

either the luteal or the follicular phase of the oestrous cycle in farm animals. It may also be 

described as the manipulation of the reproductive cycle so that females can be bred with 

normal fertility during a short pre-determined interval (Kusina et al., 2000; Evans et al., 

2001). It can be achieved basically by two methods; induction of CL regression using 

luteolytic agents (Kusina et al., 2000; Akusu, 2003; Kawu, 2011; Omontese et al., 2012) or 

delaying CL regression using exogenous progesterone or one of its synthetic analogues 
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(Abecia et al., 2012; Omontese et al., 2012; Oyeyemi et al., 2012; Omontese et al., 2013b). 

In a group of randomly cycling females, the time of occurrence of oestrus cannot be 

predicted with certainty for an individual animal. Therefore, synchronisation of oestrus and 

ovulation in a group of females allows the prediction of time of oestrus with reasonable 

accuracy. The prediction reduces the time required for detection of oestrus; or in some cases, 

makes it possible to breed at a fixed time without detection of oestrus (Kusina et al., 2000; 

Fonseca et al., 2005; Ungerfeld, 2011, Kawu, 2011). 

 

In does, the opportunity for controlling the oestrous cycle is greater during the luteal phase 

which has a longer duration and is more responsive to manipulation (Wildeus, 2010). In 

cyclic domestic females, the time of oestrus is controlled by secretion of progesterone from 

the CL. The progesterone exerts negative feed-back on LH secretion at the level of the 

hypothalamus, so that the endocrine events that lead to the maturation of pre-ovulatory 

follicles and their subsequent ovulation are inhibited until progesterone declines at the time 

of CL regression. Thus, synchronisation of oestrus and ovulation really means controlling 

the life span of the CL (Abecia et al., 2011, 2012). Since ovulation cannot occur in the 

presence of active CL secreting progesterone, it follows that the administration of 

progesterone will have the same effect. Administration of eCG shortly after cessation of 

progesterone treatment is reported to enhance efficiency of oestrus synchronisation 

(Omontese et al., 2013a).  

 

Other synchronisation strategies such as artificial light treatment with- or without melatonin 

administration (Wuliji et al., 2003) or utilising the male effect by exposing the females to 
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males after a period of isolation (Fletcher et al., 2002; Ungerfeld et al., 2002; Martin et al., 

2004a; Delgadillo et al., 2009) or an “ovsynch” protocol (Holtz et al., 2008) were found to 

be successful synchronisation strategies in goats. Successful synchronisation protocols must 

not only establish tight synchrony, but are also expected to provide acceptable levels of 

fertility upon natural mating or artificial insemination (Evans et al., 2001; Whitley and 

Jackson, 2004).  

2.6.1 Prostaglandin F2α (PGF2α)-based synchronisation 

PGF2α-based oestrus synchronisation depends on termination of the luteal phase through 

regression of the CL to control the oestrous cycle. This system is only applicable to cycling 

females in which there is presence of functional CL (Abecia et al., 2011, 2012). An injection 

of prostaglandin induces luteal regression and does can be expected to exhibit oestrus after 

an average interval of about 50 hours (Whitley and Jackson, 2004; Abecia et al., 2012). This 

interval to induce oestrus in goats is earlier than in sheep and cattle (Whitley and Jackson, 

2004). The two commonly used products in PGF2α-based systems are PGF2α (Lutalyse
®
; 

Pfizer) and the prostaglandin analogue cloprostenol sodium (Estrumate
®
; Bayer, Shawnee 

Mission, KS) (Silva et al., 2000; Wildeus, 2010; Fierro et al., 2013). A single intramuscular 

administration of a dose of PGF2α or one of its analogues in the presence of a functional CL 

is effective in inducing luteolysis (Silva et al., 2000; Kanuya et al., 2000; Khanum et al., 

2006; Ungerfeld, 2011; Fierro et al., 2013). Best results are obtained in animals cycling 

between day 4 and 16 of the oestrous cycle (Holtz, 2005). Nuti et al. (1992) reported that 

dairy goats treated with cloprostenol (125 μg) on day 6 or 12 of the oestrous cycle showed 

no difference in estrous response and timing of oestrus and LH surge. The challenge is to 

ensure that all does in a flock have a functional CL and are ready to respond to the 
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administration of two PGF2α injections, given 10 or 11 days apart (Holtz, 2005). In RS 

goats, double PGF2α administration system resulted in a higher number of does in oestrus 

compared with the single PGF2α administration system, although factors such as parity, 

nutrition and season played significant roles (Kawu, 2011; Bello, 2011; Bindari et al., 2013).  

 

2.6.2 Progesterone based synchronisation 

Progesterone and its analogues (progestogens, progestagens or gestagens) are available in 

different forms and have been used extensively in synchronising oestrus in farm animals 

(Kusina et al., 2000, Romano, 2002; Fonseca et al., 2005; Hashemi et al., 2006). 

Progestagens have been widely used to synchronise oestrus in small ruminants, regardless of 

the season (Bretzlaff and Romano, 2001). Progesterone plays a critically important role in 

the inhibition of the tonic mode of LH secretion in ewe (Karsch, 1984). Progestagens are 

employed to extend the lifespan of the CL in goats. Oestrus synchronisation using 

progestagens have been used in cycling does as well as in seasonally anoestrus does 

(Wildeus, 2010; Whitley and Jackson, 2004; Holtz, 2005; Omontese et al., 2012, 2013b). 

The induction of supra-luteal levels increases follicular turn-over and this has become an 

objective in oestrus synchronisation protocols in ruminants (Diskin et al., 2002). The most 

common administration route in this synchronisation strategy is the intravaginal 

progestagen-containing pessaries (Holtz, 2005; Paramio and Izquierdo, 2014). These 

pessaries are polyurethane sponges impregnated with fluorogestone acetate (FGA) or 

medroxyprogesterone acetate (MAP) or they are Y-shaped silicon-coated devices 

(''controlled internal drug release'', CIDR) impregnated with progesterone (Fukui et al., 

1999; Holtz, 2005; Karaca et al., 2009). Implants impregnated with the highly potent 
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synthetic progestagen, norgestomet may be inserted under the skin of the upper side of the 

ear (Mellado et al., 2000; Medan et al., 2003b) or on the underside of the tail (East and 

Rowe, 1989). The subcutaneous implants devised for use in bovines (''Synchromate B'' or 

''Crestar'' Intervet) can be cut in half for use in goats (Kawu, 2000). These implants proved 

to be as efficient as the sponges in synchronising oestrus in goats (Kawu et al., 2003).  

 

The traditional protocol when progestagens are used to synchronise oestrus consists mainly 

of an extended period (12-21 days) of exposure to progestagen (progesterone or a synthetic 

analogue) in association with an injection of eCG, administered i.m. at the end of the 

treatment to induce ovulation (Wildeus, 2008; Abecia et al., 2011; Omontese et al., 2012). 

The administration of eCG following progestagens treatment improved oestrus synchrony, 

increased number of animals responding and shortened time to onset of oestrus. It also 

resulted in satisfactory oestrus response (Abecia et al., 2011, 2012; Omontese et al., 2012). 

However, induction of oestrus during the anoestrous season was successfully achieved in 

coloured Mohair goats by applying multiple injections of eCG (total of 950 IU) without any 

progestagen pretreatment (Karaca et al., 2009).  

 

The FGA sponges, combined with eCG for oestrus synchronisation in Sahel goats, resulted 

in a high kidding rate of 80 %, compared to 62 %, resulting from synchronised oestrus with 

FGA pessaries alone (Omontese, 2012). On the other hand, poor fertility rates were achieved 

with the sponge-eCG protocol due to a delay in the onset of oestrus (Maurel et al., 2003). 

This delay is believed to be associated with the presence of anti-eCG antibodies, subsequent 

to repeated treatment with this agent (Baril et al., 1992; Herve et al., 2004). However, 
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animals treated with the same protocol for the first time, tended to show a large variation in 

the time of onset of oestrus (Baril et al., 1996; Maurel et al., 2003).  

 

The synchronisation of oestrus in goats with a norgestomet implant or half-implant did not 

reduce the variability in oestrus occurrence and pre-ovulatory LH peak, when compared 

with the results attained with FGA intravaginal sponges (Freitas et al., 1997). These facts 

suggest that factors other than eCG antibodies could play a role in affecting the response of 

goats to oestrus synchronisation treatments. Increasing progestagen levels at the end of a 

synchronisation treatment, by insertion of an additional vaginal sponge 2 or 4 days before 

the end of the treatment, was found not to be efficient in reducing variability among animals 

in the onset of oestrus. The kidding rate of the goats that received an extra sponge 

significantly decreased (Freitas et al., 1996).  

 

The use of intravaginal hormone-releasing devices could cause some problems related to the 

vaginal irritation such as vaginitis. It could also create a negative implication regarding the 

legal limits of progestagen residues allowed in milk of dairy goats (López-Sebastian et al., 

2007). Washing the vagina of the goat with a physiological solution after sponge withdrawal 

increased the kidding rate, especially those resulting from the first mating after 

synchronisation (Al-Merestani et al., 2003). The results are supported by a report suggesting 

that the vaginal sponge creates an unsuitable medium for fertilisation in the first stimulated 

oestrus, resulting after the synchronisation (Manes et al., 2010; Penna et al., 2013). The 

goats tend to have variability in the occurrence of oestrus after removal of progestagen, 
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which leads to decreased fertility when the goats are inseminated at a pre-determined time 

after progesterone withdrawal (Penna et al., 2013). The timing of oestrus and LH surge were 

less variable among goats synchronised by a progestagen treatment, when compared with 

goats having natural oestrous cycles. The observation suggests that physiological limits of 

the goat could restrict the possible improvements in oestrus synchronisation based on 

progestagen treatments (Penna et al., 2013).  

 

 

Three types of intravaginal sponges impregnated with synthetic progestagens (FGA and 

MAP) and CIDR‟s impregnated with natural progesterone during the breeding season in 

goats were investigated and no significant differences in oestrus response and fertility 

between treatments were recorded (Romano, 2004). Similarly, no significant differences in 

oestrus response was observed in goats following oestrus synchronisation using different 

doses of fluorogestone acetate intravaginal pessaries (Greyling and van der Nest, 2000). On 

the other hand, Simonetti et al. (2000) used intravaginal sponges containing 40, 50 and 60 

mg MAP for 14 days, and they found that the time interval from sponge removal to oestrus 

onset was shorter in ewes treated with lower doses of the progestagen, suggesting that dose 

of progestagen influence oestrus and fertility following oestrus synchronisation. Similarly, 

used intravaginal progesterone releasing devices containing varying amounts of 

progesterone decreased ovarian responses and pregnancy rates in sheep (Vilarino et al., 

2013). In another study, lowered fertility in Rahmani ewes during the anoestrous season was 

recorded following 6 days compared to 12 days treatment with 40 mg FGA intravaginal 

sponges plus 500 IU eCG (Amer and Hazzaa, 2009).  
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2.6.2.1 Short-term protocol versus long-term protocol  

A practical oestrus synchronisation protocol, called short-term protocol, was developed for 

small ruminants to avoid the traditional trend of long-term exposure to progestagen 

(Menchaca and Rubianes, 2004). This protocol involves a short period of exposure to 

progestin (i.e. 5-7 days) compared with the 11 to 21 days progestagen treatment, and 

associated with a PGF2α administration applied at the beginning of the treatment and a small 

dose of eCG (200-350 IU) at the end of the progestin phase. Pregnancy rates ranging from 

60 to 74 % were obtained following application of the short-term protocol in goats 

(Rubianes et al., 2001; Menchaca and Rubianes, 2007). The decrease in duration of 

progestagen treatment for 6 or 9 days was found to be practicable, as it caused no reduction 

in oestrus response with acceptable fertility and kidding rates (Fonseca et al., 2005). 

Pregnancy rate of 64 % was achieved when the goats were synchronised for timed AI using 

the short-term protocol and inseminated with liquid semen 54 h after the end of the 

progesterone treatment, while the rate diminished to 49 % when insemination was 

performed 48 h after the end of the treatment (Menchaca and Rubianes, 2007). 

 

2.7 THE “MALE EFFECT” IN DOMESTIC ANIMALS 

The “male effect”, otherwise known as biostimulation, refers to the biologic mechanism by 

which animals communicate information to conspecifics, while sexual biostimulation simply 

refers to the reproductive stimulation given by an animal to another of the same species 

(Rekwot et al., 2001; Veliz et al., 2006; Rivas-Munoz et al., 2007; Delgadillo et al., 2009; 

van Rooyen, 2013). This phenomenon of sexual biostimulation is also known as the “male 

effect” or “teasing” in sheep and goats (Delgadillo et al., 2006; Martin and Kadokawa, 2006; 
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Delgadillo et al., 2009) and bull biostimulation in cattle (Rekwot et al., 2001; Fiol et al, 

2010). The social interactions between partners of conspecifics leads to important changes in 

their reproductive status (Grammer et al., 2005; Ungerfeld, 2007; Abecia et al., 2012). 

Animals communicate the information using pheromones, otherwise known as cues (Rekwot 

et al., 2001; Mostafa et al., 2012; Kendrick, 2014; Simoes, 2015). The word “pheromone” 

originated from the Greek words pherein (which means to carry or transfer), and, hormon 

(which means to excite or stimulate). The teasing technique or biostimulation is a non-

hormonal simple method with great potential for enhancing livestock production in the 

tropics and subtropics (Rekwot et al, 2001; Delgadillo, 2011; Chemineau, 2012; Delgadillo 

et al., 2014). Male presence or its related characteristic traits such as sound, smell and sight 

has been reported to trigger oestrus and induce ovulation in sheep and goats (Avdi et al., 

2004; Delgadillo et al., 2006; Ungerfeld, 2011). In cattle, little is known about the 

physiological mechanisms by which cows respond to stimulation from the bull, although 

most trials have focused on trying to advance postpartum rebreeding, with very diverse 

outcomes (Berardinelli et al., 2005; Landeata-Hernandez et al., 2006; Ungerfeld, 2007).  

 

Recently, the use of the male effect in endocrine control of reproduction in females is 

advocated because of the move towards the reduction in the use of synthetic hormones in 

animal reproduction (Delgadillo et al., 2004; Ungerfeld, 2007; Delgadillo et al., 2015). 

There is a rising interest in the use of social stimulation or green, ethical and non-hormonal 

techniques in animal reproduction, and the possibilities that the male effect may provide is 

still being examined by the research community (Hawken and Martin, 2012; Delgadillo et 

al., 2014). In ''photoperiodic rigid breeds'', manipulating the sexual activity season is 

http://europepmc.org/abstract/MED/17491149/?whatizit_url_Species=http://www.ncbi.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=9913&lvl=0
http://europepmc.org/abstract/MED/17491149/?whatizit_url_Species=http://www.ncbi.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=9913&lvl=0
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possible by applying alterations in the photoperiod only (Delgadillo et al., 2004). Artificial 

long days, whether or not accompanied with melatonin administration, were successfully 

applied to stimulate the sexual activity of goat males out of season (Simoes, 2015). These 

bucks were able to induce the sexual activity of anoestrous females through the male effect 

(Delgadillo et al., 2004; Hawken and Martin, 2012).   

 

Male introduction is reported to result in a sustained increase in LH through increase in 

pulse frequency and release of the gonadotrophins (Hawken et al., 2007). Ovulation, as 

such, occurs due to lowered sensitivity of the hypothalamus to the negative feedback action 

of oestrogen (Hawken et al., 2009). The teasing effects of a male which stimulate both ewes 

and does are partly due to pheromones (Wakabayashi et al., 2000, 2002; Iwata et al., 2003; 

Ichimaru et al., 2008) and partly due to olfactory cues, which constitute the main sensory 

input from the males at teasing (Delgadillo et al., 2006; Murata et al., 2014). Pheromones 

refer to odours secreted from the sebaceous glands, particularly those located on the head 

and neck of buck or ram (Wakabayashi et al., 2000; 2002; Rekwot et al., 2001; Iwata et al., 

2003). The pheromone responsible for the “male effect” is produced testosterone-

dependently in the skins of specific regions of the body, especially the head and neck 

regions (Iwata et al., 2000).  

 

In a study to examine the effects of dihydrotestosterone (DHT) on pheromone production in 

bucks, pheromonal activity was induced in the skins of both the head and rump regions after 

four weeks of the DHT treatment in castrated males (Iwata et al., 2001), thus indicating a 

pre-requisite role of DHT in the primer pheromone production. The ram and buck 
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pheromones were suggested to be of the same chemical structure and have been identified as 

a series of 4-ethyl branched fatty acids (Iwata et al., 2000, 2003; Okamura and Mori, 2005). 

The most intense goaty odour that attracts does in oestrus was ethyl octanoic acid. Other 

related compounds possessing goaty odour include 4-methyl-octanoic (hircinoiac acid) 

which imparts a goaty flavour to mutton and goat meat (Okamura and Mori, 2005) and 4-

ethyl octanoic acid, the main compound responsible for goaty flavour of milk (Iwata et al., 

2000, 2003). Most recently, this volatile primer pheromone is known as 4-ethyloctanal 

(Murata et al., 2014). In humans, male ancillary secretions contain pheromones that alter the 

length and timing of the menstrual cycle by modifying LH-pulse and the mood of women 

(Preti et al., 2003; Grammer et al., 2005). In sheep, pheromones are implicated in the mate 

choice selection of rams by oestrus ewes (Ungerfeld et al, 2006). Alarm pheromones in 

urine also modify behaviour of weaner pigs (Amory and Pearce, 2000). 

 

Exposing seasonally anovulatory females to a male after an isolation period can stimulate 

ovulation in goat herds (Avdi et al., 2004; Delgadillo et al., 2009). This strategy, known as 

“the male or buck effect”, was found to be successful in initiating short ovarian cycles (5 to 

7 days) in some female goats. In this case, oestrus and ovulation occur about 7 to 9 days 

after the induction by the buck effect, and the CL formed after ovulation is usually with a 

normal life-span (Chemineau et al., 2006). Therefore, a new post-ovulatory wave at the 

beginning of the cycle, in the presence of a large growing follicle and low progesterone 

levels seems to be the most suitable condition to promote oestrus synchronisation and its 

early occurrence after treatments. The common practice was to isolate the females from 

males (including sight, sound, and smell) for a period of time before introduction to get 
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reproductive response (Delgadillo et al., 2004; Martin et al., 2004a; Chanvallon et al, 2010). 

However, complete isolation of females from males, even to the extent of considering the 

direction of the prevailing wind is not necessary (Delgadillo et al., 2009). The first effect of 

the introduction of bucks to does is the increase in LH secretion, causing onset of follicular 

phase and increase in secretion of estrogen E2 (Rosa and Bryant, 2002; Delgadillo et al., 

2004; Ungerfeld et al., 2003; Martin et al., 2004a). LH surge in does occurs within 6 to 8 

hours after the introduction of bucks. The continuous presence of rams with ewes treated 

with 30 mg fluorogestone acetate (FGA) for 14 days and 200 μg PGF2α shortened onset of 

oestrus (32.9±1.6 h) compared to the intermittent presence of the ram (45.3±4.4 h), and also, 

reduced the interval between sponge removal and ovulation (Romano et al., 2001). Vasques 

et al. (2006) reported shortened time to onset of oestrus in ewes treated with 45 mg FGA for 

12 days plus 500 IU eCG and the introduction of rams. The synergistic effect of salt-free-

salt diet and exposure to rams improved the efficiency of oestrus synchronisation in ewes 

(Metodiev et al., 2010).  

 

Rivas-Munoz et al. (2007) reported more than 90 % of does managed under grazing 

condition came into oestrus and ovulated at the presence of a male. The male effect induced 

a greater ovarian activity and shortened seasonal aneoestrus irrespective of controlled 

photoperiodic regimes in Criollo goats (Rincon et al., 2011). A combination of factors such 

as smell, sound, sight of the buck are reported to influence the response to the male effect 

(Veliz et al., 2002; Ungerfeld et al., 2006; Delgadillo et al., 2009). Higher percentage of 

females became pregnant when they were in frequent contact with the male (Moore and 

Hall, 1992), therefore, a buck may act as an outside factor in initiating ovarian activity and 
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in induction of oestrus behaviour (Chemineau et al., 2006; Veliz et al., 2006; Delgadillo et 

al., 2009). In ewes, the time of ram introduction (early versus. late) and type of ram presence 

(continuous versus. intermittent) after oestrus synchronisation affect oestrus onset and 

oestrus duration (Ekiz et al., 2009). The resumption of oestrus activity may be elicited by 

buck introduction into a group of anoestrus females (Chemineau et al., 2006). The duration 

of such induced-oestrus tends to be shorter and more variable than those observed later in 

the breeding season (Veliz et al., 2002; Chemineau et al., 2006). Golkudas et al. (2010) 

reported that introduction of bulls to a buffalo herd could be a rational management strategy 

for reducing the postpartum anoestrus by enhancing reproductive function in buffaloes.  

 

In a study by Ahmad et al. (2010), oro-nasal application of bull urine shortened postpartum 

period to occurrence of oestrus in cross-bred cows. This finding is similar to that observed in 

Bunaji and Friesian x Bunaji cows receiving nutritional supplementation and exposed to 

bulls (Rekwot et al., 2000a, 2004). This response was, however, influenced positively by 

parity, body condition score and nutritional supplementation (Rekwot et al., 2000; Ahmad et 

al., 2010).  In another study, exposure of multiparous and primiparous beef cows to bulls 

during progestin (CIDR) treatment enhanced intensity of oestrus (Khanh et al., 2012). 

Similarly, exposure of primiparous suckled beef cows to bull urine hastened resumption of 

postpartum luteal function (Tauck and Berardinelli, 2007). Also, presence of bulls and 

exposure to bull urine appeared to improve breeding performance of primiparous beef cows 

using a gonadotropin releasing hormone or progestin-based oestrus synchronisation 

protocols (Berardinelli et al., 2007; Tauck and Berardinelli, 2007).  
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Factors affecting the success of the male effect include the degree of contact between the 

two sexes (Delgadillo et al., 2006; Martin and Kadokawa, 2006), the duration of contact 

between sexes (Veliz et al., 2006; Rivas-Munoz et al., 2007), previous separation between 

sexes (Delgadillo et al., 2009), intensity of the libido of males (Rosa et al., 2000a; Veliz et 

al., 2006) and the nature of the sensory cues from the male involved in the male effect 

(Veliz et al., 2002; Chemineau et al., 2006; Delgadillo et al., 2006). Vocalisations emitted 

by sexually-active bucks stimulate oestrus behaviour and LH pulsatility in anoestrous does 

(Delgadillo et al., 2006). When anoestrous does were submitted to playback vocalisations of 

bucks, no stimulatory effect on LH pulsatility was observed (Vielma et al., 2009). It is well 

known that pheromonal emission can greatly be influenced by season (Walkden-Brown et 

al., 1994a; Almeida-Irmao et al., 2014) and it could be the same for other sensory cues. 

Another hypothesis is that bucks can adapt their vocalisation frequency according to the 

context or their partner (oestrous versus anoestrous female).  

 

It is well established that the male effect is a multi-sensory phenomenon, involving 

olfactory, tactile, visual and auditory cues (Martin et al. 2004a). Several studies have shown 

that in female goats and sheep, exposure to hair or fleece of males stimulates LH secretion 

and ovulation (Avdi et al., 2004; Gelez et al., 2003, 2004; Ichimaru et al., 2008).  It is also 

possible that the acoustic stimulation, provided by males during the sexual season and by 

males receiving the photoperiodic treatment, may differ quantitatively and/or qualitatively 

(Walkden-Brown et al., 1994b; Delgadillo et al., 2006; Delgadillo et al., 2011a). In addition 

to olfactory and visual cues, it has been reported that acoustic cues also play a role in the 

male effect and the respective importance of each sensory cue remains unclear (Gelez et al., 
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2003). The auditory signals emitted by bucks are strong enough to stimulate oestrus 

behaviour and LH pulsatility (Delgadillo et al., 2009). These effects are probably mediated 

by the development of ovarian follicles and the consequent production of estradiol, which is 

a key hormone for the display of oestrus in the goat (Billings and Katz, 1997; Ungerfeld et 

al., 2002; Delgadillo et al., 2011b). The exact mechanism by which the male stimulus is 

delivered to the female neuroendocrine system remains to be accurately described (Rosa and 

Bryant, 2002). 

 

In a study by Oyediji et al. (1990), the oestrus response of WAD ewes to different stimuli 

produced by ram exposure was studied during five successive oestrous cycles. Sniffing 

around the perineum was significantly superior to other stimuli in evoking the characteristic 

"looking-over-the-shoulder" behaviour of ewes in oestrus. Visual stimuli by a dummy ram 

evoked oestrus response in WAD ewes, but acted synergistically with the auditory stimuli, 

when accompanied by a pre-recorded ram's sexual vocalisation. The same study also 

reported that olfactory stimuli with a linen, liberally rubbed on an intact ram did not evoke 

the response ("looking-over-the-shoulder" behaviour). Molecules obtained following 

chemical analysis of unrine samples from cows in oestrus such as 2-butanone and oleic acid 

presented to bulls subjected to routine semen collection in an AI center significantly lowered 

ejaculation time by 21 %, and, the “1,2-dichloroethylene” combination induced a 9 % 

increase of sperm quantity (Le Danvic et al., 2015). This has led to the development of a 

nasal spray containing molecules enhancing bull sexual behaviour and capacity called 

PheroBull
®
. Pregnancy rates tended to be greater in cows (60.5 %) synchronized using 

CIDR and exposed to bulls compared to cows (49.5 %) not exposed to bulls (Pfeiffer et al., 
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2012). Rekwot et al. (2000a) reported that bull exposure hastened the resumption of 

postpartum ovarian activity in Bunaji cows treated with nutritional supplementation and bull 

exposure, compared to cows without nutritional supplementation and bull exposure (Rekwot 

et al., 2000b; Rekwot et al., 2004).  

 

In a study evaluating the influence of mature boar exposure on the remating interval and 

efficiency of oestrus synchronisation after weaning, it was observed that the remating 

interval was shortened with the onset of oestrus more synchronised in sows exposed to boars 

(Pearce and Pearce, 1992; Zak et al., 2008; Terry et al., 2013). Full physical boar exposure 

stimulated a high proportion of lactation oestrus in multiparous sows, however, season 

impacted this expression (Terry et al., 2015). Thompson and Sevege (1978) also reported an 

earlier age at puberty and higher ovulation rate in gilts in confinement following boar 

exposure. Similarly, in a study to evaluate the responsiveness to boar stimuli and change in 

vulvar reddening in relation to ovulation in weaned sows, Langendijk et al. (2000) reported 

that combining information on vulvar reddening and boar exposure could predict ovulation 

within a reasonable range of two thirds of sows.  

 

Recently, it was concluded that introduction of rams to seasonally anestrous ewes activates 

kisspeptin neurones and other cells in the hypothalamus leading to increased GnRH/LH 

secretion (Hawken et al., 2007; De Bond et al., 2013). It has also been reported that the 

absence of response of females to teasing at specific times of the year may not be due to 

female unresponsiveness, but to insufficient stimulation from the male (Flores et al., 2000).  
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2.7.1 Male factors influencing the response of the female 

Research into the “male effect” has revealed a great deal of information that guarantees the 

success of biostimulation as a tool that may be applied in “clean, green and ethical” animal 

production (Martin and Kadokawa, 2006). The sexual behaviour of the male is necessary to 

ensure the success of biostimulation i.e. inducing the preovulatory surge (Vielma et al., 

2013). Certain essential factors, when present in the buck ensures that optimum signals are 

being released so as to cause an effect in the female conspecific. Some of these factors 

include: 

 

2.7.1.1 Buck libido/sexual behaviour 

Studies have indicated that the sexual behaviour of a male is important in determining the 

response of females to the male effect. Intense sexual activity as observed in androgen-

treated castrate rams induced ovulations more effectively than males that were less active 

(Ungerfeld et al., 2006; Luna-Orozco et al., 2012). Similarly, males displaying higher sexual 

behaviours than castrates following treatment with testosterone or oestradiol (Veliz et al., 

2006; Ungerfeld et al., 2006) and melatonin (Rosa et al., 2000a) were more effective in 

inducing sexual activity in anovulatory ewes when teased. In addition, high sexual activity 

due to good nourishment in bucks provoked a higher percentage of females to oestrus than 

undernourished males, displaying poor sexual activity (Atti et al., 2004; Ohkura et al., 

2004). In a study to determine whether the daily exchange of photo-stimulated males among 

subgroups of females improved the reproductive response of anestrous goats exposed to 

males, it was concluded that daily exchange of photo-stimulated males among subgroups 
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induced an increase of their sexual behavior, but did not improve the pregnancy rates in 

seasonal anoestrous goats (Loya-Carrera et al., 2014).  

 

Sexual behaviour of bulls, bucks and boars has been reportedly influenced by season 

(Rekwot et al., 1987; Paterson et al., 1991; Walkden-Brown et al., 1994a; Veliz et al., 2002; 

Delgadillo et al., 2004; Zarazaga et al., 2005, 2009) and as such affects the nature or 

strength of the stimuli produced by the males. Sexually inactive bucks subjected to 

melatonin, testosterone and/or long-day-treatments were equally effective in synchronising 

oestrus in anovulatory goats (Ungerfeld, 2007; Luna-Orozco et al., 2012). Paterson et al. 

(1991) showed that gilts exposed to boars were least responsive during summer and most 

responsive in winter. Psychological, genetic, seasonal and social factors also play 

fundamental roles in the sexual behaviour of boars (Hemsworth and Tilbrook, 2007). In 

rabbit bucks, doe exposure has proven to be a biostimulation method that improves sexual 

drive, sperm production and quality of buck rabbits (Rodriguez-De Lara et al., 2000). 

Walkden-Brown et al. (1994a) reported variation in sexual activity, testosterone 

concentration, testicular mass and body odour of Australian Cashmere bucks during various 

seasons. They attributed the differences to variation in nutritional status of the bucks.  

 

2.7.1.2 Buck vocalisation 

Buck vocalisations have been reported to stimulate oestrus in anovulatory female goats 

during the anoestrous period (Vielma et al., 2005; Delgadillo et al., 2006, 2009). In a recent 

study involving does exposed to buck vocalisations coming from a microphone-amplifier-

loud speaker system, over 85 % and 30 % of the does displayed oestrus and ovulated, 
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respectively (Delgadillo et al., 2006). Male vocalisations alone has a greater influence on 

oestrus induction than ovulation in does. In sheep, auditory signals also play key roles in 

several aspects of behaviour (Delgadillo et al., 2009).  

 

2.7.1.3 Buck age and experience 

Older males are able to elicit higher oestrus response because of the stronger buck odour 

(priming pheromones) which is an olfactory stimulus than pre pubertal males resulting in 

differences in the signals provided in the wool (presumably odors) produced by adult rams 

(Ungerfeld et al., 2007; Delgadillo et al., 2009). The lesser percentage of pregnancies 

obtained when yearling rams are used may be explained by differences in mounting 

behaviors and ejaculation frequency. The ability of older boars to advance puberty in gilts 

than young boars is attributed to an increased production of pheromones in older boars as 

influenced by age (Thompson and Sevege, 1978; Krzymoski et al., 1999; Kirkwood et al., 

2000). Studies have shown that there is a close association between age, body weight and 

scrotal circumference of a males (Rege et al., 2000; Karakus et al., 2010). Larger scrotal 

circumference is highly correlated with improved reproductive soundness in bucks (Bezerra 

et al., 2009; Agga et al., 2011) and rams (Rosa et al., 2012; Sarlos et al., 2013; Egerszegi et 

al., 2014). In a study to determine if exposing ewes to mature rams or wethers would alter 

pattern of LH concentrations, McCosh et al. (2015) reported that LH pulse frequency 

increased during the transition to breeding season in ewes exposed to mature rams rather 

than wethers thereby hastening ovulatory activity.   

2.7.1.4 Buck olfactory and chemical cues    

There is great evidence that olfactory cues produced in the males play crucial roles in 

triggering ovulation in the female. However, maximum ovulatory responses are obtained 
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only when the full complement of male socio-sexual stimuli are present. Non-olfactory cues 

from the male either play a complimentary or synergistic role with other chemical cues from 

the male (Chemineau et al., 2006; Delgadillo et al., 2009). Cue production is controlled by 

androgens and are usually present in skin, wool, wax, urine, faeces and fleece of males and 

females (Iwata et al., 2003; Rampin et al., 2006; Ichimaru et al., 2008; Nielson et al., 2013).  

 

2.7.1.5 Buck exposure frequency and duration 

Previous reports that favoured the argument that the continuous presence of stimulatory 

male(s) seems necessary for high frequency of LH pulses to be maintained have been 

contested in goats (Rivas-Munoz et al., 2007) and sheep (Hawken et al., 2007; 2009). 

However, a more synchronised distribution of oestrus was observed in ewes (Hawken and 

Beard, 2009) and gilts (Hughes and Thorogood, 1999; Knox et al., 2002; Kemp et al., 2005) 

exposed permanently to rams and boars, respectively. Furthermore, similar percentages in 

ovulations have been reported, when does are exposed to males intermittently or 

continuously (Veliz et al., 2004, 2006; Rivas-Munoz et al., 2007). In a study to evaluate the 

effect of duration of contact on the response of does to the buck effect, four hours of daily 

contact was sufficient to synchronise fertile oestrus in anoestrous does (Bedos et al., 2010, 

2012). Also, the introduction of novel males to females already in contact with familiar 

males induces ovarian activity similar to that observed in the classical male effect and this 

response leads to a significantly higher oestrus activity only when direct physical contact 

between the females and the novel males is established (Gallego-Calvo et al., 2014). 

Although visual stimuli have not been linked to GnRH secretion in livestock species, it is 

clear that sheep can visually assess, identify and remember individuals (Kendrick et al., 
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2001). Phillip and Hughes (1995) observed that pubertal response of gilts to the boar effect 

is enhanced when boar contact occurred several times daily compared with a single boar 

contact period. In the same vein, there was also a trend towards a higher proportion of gilts 

reaching puberty or post weaning oestrus earlier with increasing frequency of boar contact 

(Knox et al., 2002; Kemp et al., 2005; Terry et al., 2013).  Sows which commenced boar 

exposure on day 10 or 14, expressed an oestrus before day 21 post-partum with no 

significant differences in their farrowing rate or subsequent litter size (Terry et al., 2015).  

 

2.7.1.6 Buck mating stimuli 

Studies in goats have shown that mechanical stimulation of the cervix shortened duration of 

oestrus in comparison to natural service by a buck (Romano, 1994a, 1994b). Similarly, 

Romano et al. (2000a) reported that does mounted, but not serviced had a shorter duration of 

oestrus than does serviced during the same period. In another study, ewes synchronised 

during the breeding season had a shorter time to oestrus after sponge removal when they 

were exposed to a ram at the time of sponge removal (Romano et al., 2000b). On the 

contrary, oestrus expression, duration of oestrus, timing and magnitude of LH release were 

not influenced by different types of mating stimuli in hair sheep in the tropics (Godfrey et 

al., 2001). Exposure of does to androgenized goat wethers and does also had no effect on the 

induction of oestrus suggesting the influence of mating stimuli on oestrus behaviour of does 

(Mellado and Hernandez, 1996). 

 

In sows, natural mating stimuli appeared to prolong LH surge in comparison to artificial 

insemination (AI) (Zeicik et al., 1981). The use of wire fencing to prevent mating between 

males and females is reported to reduce the efficacy of the male effect (Bartlewski et al., 
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2002). In another study to determine the effect of mating stimuli or AI on cortisol and 

prostaglandin metabolite (PGFM), Norrby et al. (2007) confirmed that mating did not 

change PGFM concentrations as described earlier in sows (Madsen et al., 2002) and mares 

(Nikolakopoulos et al., 2000), whereas AI markedly increased concentrations of PGFM 

(Madsen et al., 2002; Willenburg et al., 2004; Madej et al., 2005). Physical stimulation may 

play complementary roles in the overall response of the female to the male effect. Smaller 

litter size after artificial insemination than natural mating have been reported in sows 

(Tanavots et al., 2002). In addition, gilts and sows respond differently to combinations of 

mating and AI in terms of reproductive performance and the presence of a boar during AI 

has a positive effect on litter size. Mating stimuli increased plasma oxytocin concentration in 

sows compared to AI (Norrby et al., 2008).  

 

2.7.2 Female factors influencing the response to the male 
 

The success of biostimulation in domestic animals is also dependent on the ability of the 

female to receive the signals provided by the male, and the capability to process these 

signals and/or to respond accordingly so as to produce the desired response to the male 

stimulus (Zarco et al., 1995).  In goats, the reproductive condition of the buck appears to be 

the limiting factor determining the response of anoestrous does to the male effect (Flores et 

al., 2000). In a study to evaluate the role of the vomeronasal organ (VNO) in the 

reproductive responses of does in terms of oestrus behaviour and conception rates 

subsequent to the introduction of bucks, Janse van Vuuren et al. (2004) reported that only 20 

% of does with a non-functional VNO were pregnant, while 56 % of does with a functional 

VNO were pregnant after the introduction of bucks during the non-breeding season. The 
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VNO plays an important role in modulating oestrus in does, in response to the introduction 

of bucks and the buck effect (Jansen van Vuuren et al., 2004). Also, doe partner preference 

is reported to influence the response of females to the male effect (Margiasso et al., 2010). 

Some factors that affect the response of the female to the male effect are as follows: 

 

 

2.7.2.1 Doe dominance 

In a study to assess the influence of social rank of anoestrous does to the male effect after 

exposure to males, Alvarez et al. (2003) reported that high-ranking females (does with 

dominating behaviours) were the first to ovulate and conceive than the medium and low-

ranking females (does with shy and fearful behaviours). This may be explained by the fact 

that oestrus females compete for contact with males and such the degree of contact between 

females and males influences the response to the male effect (Alvarez et al., 2003, 2007, 

2009; Chemineau et al., 2006). Closer contact of does with bucks resulted in faster response 

and a higher proportion of females exhibiting oestrus (Alvarez et al., 2003, 2007). In 

addition, subordinate sows showed fear-related behaviour in response to boar stimulation 

even when they were in standing oestrus resulting in impaired heat detection and mating 

(Krzymoski et al., 1999; Pedersen et al., 2003). In cattle, social behaviour or ranking is 

affected by the health condition of the livestock resulting in altered reproductive activities 

(Galindo and Broom, 2000).  

 

2.7.2.2 Doe age, experience and temperament 

It is reported that sexually naive and young ewes present a reduced response to the male 

odour, compared to sexually-experienced ewes (Gelez et al., 2003, 2004; Chanvallon et al., 
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2010). Similarly, Chanvallon et al. (2010) reported that “nervous” ewes responded better to 

the male effect than “calm ewes” following exposure to sexually active rams. The authors 

concluded that the sexual experience and temperament of ewes should be considered when 

flock management involves the ram effect. In the porcine, studies have shown that the 

timing and synchrony of pubertal oestrus attainment are significantly improved, when first 

boar exposure of gilts is delayed until 182 days of age (van Wattere et al., 2006). The age of 

does especially in relation to social rank status has also been reported to influence the 

response to the buck effect and reproductive success (Cote and Festa-Bianet, 2001). Ekiz et 

al. (2013) reported that previous sexual experience with males improved the expression of 

sexual behaviours in Kıvırcık ewes exposed to rams during progestagen treatment. On the 

contrary, Walkden-Brown et al. (1994b) and Delgadillo et al. (2009) reported that lack of 

sexual experience of does not reduce the responses of LH, oestrus or fertility in anoestrous 

goats exposed to sexually active males.  

 

2.7.2.3 Doe isolation prior to teasing 

One of the dogmas that has been associated with the male effect is that complete isolation of 

the female prior to male exposure is essential for the male effect to be effective (Delgadillo 

et al., 2009). However, recent studies have demonstrated that introduction of a novel male to 

a herd of males and females stimulated LH secretion in the does and ewes (Veliz et al., 

2006; Hawken and Beard, 2009). This is because females may be able to learn and 

remember the identity of novel and familiar males, thus, explaining the ability of novel rams 

to induce ovulation in ewes that have had limited or direct contact with other rams before 

teasing (Cushwa et al., 1992; Levy et al., 2004). Therefore, since novel males can stimulate 



 

47 

 

ovulation in females maintained in continuous contact with familiar males, then the male 

effect in small ruminants is similar to pheromone-based phenomena reported in rodents 

(Delgadillo et al., 2009).  

 

2.7.2.4 Doe nutritional or reproductive status 

Nutrition plays a major role on enhancing reproductive efficiency in all animals (Bindari et 

al., 2013; Endo and Tanaka, 2015). Metodiev et al. (2010) reported that ewes treated with 

the ram effect and salt-free-salt diets improved fertility rates of ewes. Ovulation rate in 

anoestrous female goats managed under grazing conditions and exposed to the male effect 

was increased by nutritional supplementation (Tanaka et al., 2003, 2004; De Santiago-

Miramontes et al., 2008). Furthermore, Fitz-Rodríguez et al. (2009) reported that nutritional 

supplementation improves ovulation and pregnancy rates in female goats managed under 

natural grazing conditions and exposed to the male effect. Similarly, lesser ovulation rate 

was observed in under-nourished ewes (Abecia et al., 2006). Does with decreasing body 

weights (BW) and poor body condition scores (BCS) that were subjected to the male effect 

showed poor reproductive performance that could have been due to low plasma insulin 

concentrations in does (Gallego-Calvo et al., 2015; Endo and Tanaka, 2015).  

 

The stage or reproductive status of a female may affect ovulation in response to the male 

effect (Ungerfeld et al., 2002; Hawken and Martin, 2012). For example, during deep 

anoestrous in lactating goats subjected to treatment with artificially long days and natural 

photoperiod, highly synchronous and fertile reproductive activity was induced by the male 

effect (Pellicer-Rubio et al., 2007). However, the ovulatory response of anoestrous goats 
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exposed to the male effect in the subtropics was reported to be unrelated to the follicular 

diameter of does at male exposure (Delgadillo et al., 2011b). In pigs, boar exposure during 

lactation decreases the interval from weaning to oestrus in sows, thus, suggesting that the 

boar effect increases LH pulse frequency, which eventually leads to oestrus behaviour in the 

sow as observed during intermittent suckling and split weaning (Krzymoski et al., 1999; Zak 

et al., 2008; Soede et al., 2012; Terry et al., 2013). Sexually experienced male rats display 

penile erections, when exposed to faeces from mammalian females in oestrus, suggesting 

that the stage of the oestrus cycle affects pheromone release in females (Rampin et al., 

2006).  

 

2.7.2.5 Doe parity and maturity 

Higher sexual activity has been reported in multiparous anestrous does than nulliparous 

anoestrous does exposed to the male effect (Delgadillo et al., 2002; Veliz et al., 2002; 

2009). The increased sexual behaviour of multiparous females suggests that parity 

influenced the response to the male effect. However, Luna-Orozco et al. (2008) and Veliz et 

al. (2009) observed similar response of both multiparous and nulliparous anoestrous does to 

sexually active males irrespective of parity. In another study by Mellado et al. (2000), higher 

oestrus response was recorded in mature norgestomet-treated does than pre-pubertal 

norgestomet-treated does (92 % versus 16.6 %) exposed to the buck effect.  

 

2.7.2.6 Doe hormonal treatments prior/during exposure to male stimulus 

The synergistic effect of hormonal treatments (gonadotrophins, progestagens and 

prostaglandins) with the male effect has been reported in does (Mellado et al., 2000; Veliz et 

al., 2002; Keskin, 2003; Zarazaga et al., 2009), ewes (Ungerfeld et al., 2003; Evans et al., 
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2004; Ungerfeld, 2011) and cows (Berardinelli et al., 2007). Recent studies have also shown 

that the timing of puberty attainment and oestrus detection are significantly improved when 

PG600-treated gilts are exposed to experienced full boar contact (Bartlette et al., 2009). In 

sheep, the degree of sexual attractiveness of oestrus ewes to rams is reported to decrease 

with intravaginal sponge treatment (Gatti and Ungerfeld, 2012). This has been attributed to 

alteration in normal vaginal microbial flora and secretions. As a result, recent studies favour 

short-term intravaginal progestin treatment to minimize the effect of long-term intravaginal 

pessaries treatment on vaginal bacterial flora and secretions (Rubianes and Menchacha, 

2003; Abecia et al., 2012).  

 

 

2.8 THE “FEMALE EFFECT” IN DOMESTIC ANIMALS 

A less studied component of social stimulation is the “female effect” which is defined as the 

influence of the reproductive stage of female animals on other females or male-conspecifics 

(Walkden-Brown et al., 1994b; Zarco et al., 1995; Carrillo et al., 2011; Nielson et al, 2013).  

Theoretically, this phenomenon is mediated by pheromone signals transferred to the 

hypothalamus from the VNO through the accessory olfactory nerve (Keverne, 2002; Jansen 

van Vuuren et al., 2004; Ungerfeld et al., 2006) and the activation of the pre-optic area 

(anterior hypothalamus), which is highly involved in sexual behaviour (Savic et al., 2005). 

Males exhibit an androgen-dependent chemosensory ability to discriminate between oestrus 

and non-oestrus female odours in mice (Achiraman et al., 2014). Fertile oestrus can be 

induced in anoestrous female sheep and goats by exposing them to other females induced to 

oestrus with eCG (Rodríguez-Martínez et al., 2013). In addition, female-female interaction 

triggers the stimulation of the reproductive cycle, leading to the sexual arousal of bucks. 

http://www.sciencedirect.com/science/article/pii/S1558787811000335#bib11
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Prado et al. (2003) reported that in goats, continuous exposure of a buck to an oestrus 

female stimulates sexual activity and increases sperm output. Vázquez and Orihuela (2001) 

demonstrated that vaginal mucus from oestrus ewes smeared on the muzzles of ram lambs 

increased their testosterone levels within 2 hours after application. However, vulvovaginal 

mucus of ewes in oestrus failed to significantly influence sperm concentration and reaction 

time of rams during semen collection (Aguirre et al., 2011). It is possible that the presence 

of only 1 or 2 female odours was not enough to sexually stimulate rams because of the lack 

of visual and tactile stimulations that interact with olfaction to sexually stimulate the rams in 

the study. Apparently, longer periods of stimulation of males using vaginal mucus of oestrus 

females are needed (Aguirre et al., 2011). In a study to test the hypothesis that permanent 

and close contact with females stimulates testosterone production and enhances fresh 

seminal characteristics of pampas deer, Villagran and Ungerfeld (2013) concluded that 

contact with females stimulates reproductive patterns of male pampas deer, resulting in 

better fresh semen characteristics before rutting and higher testosterone concentrations 

during the rut.  

 

Exposure of sexually inactive bucks and rams to oestrus females is an inexpensive, practical 

and efficient way to elicit sexual activity in males (Rosa et al., 2000b; Jorre De St Jorre et 

al., 2008; Carrillo et al., 2011). Pre-pubertal gilts exposed to sows and gilts in oestrus 

reached puberty earlier than gilts not exposed to sows and gilts in oestrus (Peacock and 

Hughes, 1995). Similarly, the presence of large number of ewes in oestrus stimulate ovarian 

activity in seasonally anoestrous ewes (Zarco et al., 1995). In goats, Restall et al. (1995) 

reported that unequivocally, oestrus females induced ovulation in anovulatory does because 

http://www.sciencedirect.com/science/article/pii/S1558787811000335#bib25
http://www.sciencedirect.com/science/article/pii/S1558787811000335#bib30
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the influence of the female on social interaction involved in synchronised mating is 

significant. Similarly, vocalisations and tail wagging, which are oestrus indicators were 

socially facilitated within groups of anoestrous does exposed to oestrus females under 

typical pasture grazing conditions (Hogan et al., 2004).  

 

A positive relationship between sexual behaviour of male lambs towards oestrual ewes was 

reported in 5-6 month-old lambs, exposed to ewes in oestrus (Ungerfeld et al., 2007). 

Although males have long been known to have a stimulatory effect on females, it is also true 

that in some species, females can have a similar stimulatory effect on females and males. 

For example, the presence of females influences the efficacy of semen collection in male 

goats (Silvestre et al., 2004). In a study to evaluate the influence of female presence on 

efficiency of semen collection, libido re-establishment and semen characteristics of bucks, 

Prado et al. (2002) concluded that the simultaneous presence of two females while semen of 

bucks are collected reduced the number of mounts performed before the second ejaculation 

and the latency between ejaculations.  

 

2.9 INFLUENCE OF SEASON ON ANIMAL REPRODUCTION 

Climate and geographical location influence oestrus and ovulation in domestic animals 

(Lopes et al., 2001; Mellado and Heza-Harrera, 2002; Thiery et al., 2002). In order to ensure 

that food resources are available to meet the demands of reproductive activities, animals 

have evolved strategies to ensure that periods of abundant food coincide with late pregnancy 

and lactation by linking sexual activity to changes in photoperiod (Martin et al., 2004b). The 

effect of season on reproduction is more evident in the temperate countries, where sheep and 
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goats are seasonally polyoestrous (Guiseppe and Giovanni, 2002; Nakao et al., 2008). On 

the other hand, sheep and goats exhibit oestrus all year round, although environmental 

factors such as rainfall and feed availability modify their reproductive activity (Martin et al., 

2004b). Seasonal changes in reproductive activity are mediated by neuro-endocrine control 

mechanisms, associated with the frequency in release of GnRH (Goodman et al., 2000; 

Thiery et al., 2002).  

 

 

High concentrations of progesterone in females in the mid-luteal phase blocks the response 

to the male effect during the breeding season (Hawken et al., 2009). Increased oestrus 

behaviour was reported in Saanen goats during the late rainy and early-dry seasons (Lopes et 

al., 2001), while Zimbabwean goats exhibited more oestrus during the cold-dry season 

(Llewelyn et al., 1993). Savanah Brown goats exhibited more oestrus activity following 

prostaglandin treatment in the cold-dry season than in the rainy season (Kawu, 2011). 

Higher conception rates have been reported in Mexican goats during the cooler seasons than 

the warmer seasons, suggesting the influence of season on ovarian activity (Mellado and 

Meza-Harrera, 2002). In an oestrus synchronisation programme using intravaginal 

progestagen sponge treatment in female Blanca Andaluza goats, Zarazaga et al. (2014) 

reported that oestrus and ovulatory responses were better influenced by season rather than 

body condition score.   

 

In Australia, higher pregnancy rates in sheep and goats were reported following mating in 

April than in September, while ovulation peaked in June (Restall, 1992). Greater ovarian 

activity has been reported in Yankasa sheep during the early-rainy season, with peak 

lambing occurring from August to November (Molokwu and Ummuna, 1980); while oestrus 
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duration was longer in the hamattarn season (33.6 hours) than in the hot-dry season (24 

hours) (Igono et al., 1982a). Likewise, higher fertility rates were reported in WAD does 

following breeding of both RS and WAD goats during the early dry season, suggesting the 

influence of season and breed on non-return rates of oestrus (Nwoko and Ibe, 2005). In the 

tropics, increased infertility in livestock has been attributed to heat stress (Ozawa, 2005). 

Summer heat stress lengthens the oestrous cycle and decreases the intensity and duration of 

oestrus, thereby resulting in reduced fertility and increased embryonic deaths (Roth et al., 

2002; Marai et al., 2007; Dobson et al., 2012).  

 

In addition, high ambient temperatures have been associated with seasonal anoestrus in 

small ruminants (Dobson et al., 2012). Heat stress impairs oocyte growth, protein synthesis 

and DNA transcription, required for subsequent embryonic development (Al-Katanani et al., 

2002). In Northern Nigeria, longer duration and intensity of oestrus in the rainy and pre-dry 

seasons in both White Fulani and Sokoto Gudali cows have been reported (Zakari et al., 

1981). However, Eduvie (1985) and Rekwot et al. (2000a) showed that earlier resumption in 

postpartum activity and complete uterine involution in Bunaji cows favour calving in the dry 

season than in the rainy season. It was concluded that cows calving in the dry season and 

exposed to vasectomized bulls (biostimulation) take advantage of abundant availability of 

crop residues during the early dry season (November – February) and the improved 

regrowth and abundant lush pasture of the early rains (April – May) to meet their total 

requirements for maintenance, growth and reproduction (Rekwot et al., 2000a). In another 

study investigating fertility rates of Zebu cattle (Bos indicus) after prostaglandin 
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administration and AI, overall pregnancy rate was higher in the rainy season than dry season 

(Rekwot et al., 1999).  

 

The influence of season, ovulation rates, AI using pre-determined ejaculate concentration 

and reproductive status of does on progesterone secretion pattern and oestrus behaviour have 

been well established in RS and WAD goats (Pathiraja et al., 1991; Fasanya et al., 1992a, 

1992b; Akusu et al., 1994; Kawu et al., 2007; Leigh and Ajibade, 2010). Oestrus duration 

was longer during the dry season, especially late-dry seasons, compared with the rainy 

season of the year in WAD goats. This finding was attributed to shorter grazing periods and 

reduced rumination rates during the rainy season (Ogede et al., 1996; Akusu, 2003).  Hence, 

nutrition is an essential element that influences reproductive behaviour and fertility in goats 

(Endo and Tanaka, 2015. However, season of the year did not have significant influence on 

gestation length of does and birth weight of kids in rainforest zone of Nigeria (Akusu, 2003). 

 

Sheep breeds show reproductive seasonality, and, therefore, maintain different levels of 

photo-responsiveness and this variation in reproductive activity observed mostly in mid- and 

high-latitude sheep breeds, is weak or non-existent in breeds that originated near the Equator 

(Gondogan et al., 2003; Gómez-Brunet et al., 2008). Factors such as breed, nutrition, socio-

sexual, temperature, lambing date and lactation period can modulate photo-periodical 

influences (Martin et al., 2004a, b; Forcada and Abecia, 2006; Scaramuzzi and Martin, 

2008). Goats also show seasonality patterns in reproductive activities similar to sheep 

(Walkden-Brown et al., 1994a). Although goats are normally continuous breeders in the 

tropics, they may experience anoestrous when feed is scarce. Photoperiodic treatments 
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coupled with buck effect allow synchronisation of ovulation but fertility results are poorer 

than those following hormonal treatments (Fatet et al., 2011). Similarly, cows found in high 

latitudes concentrate calving in the spring (Borisenkov et al., 2004). Domestication and 

selection for all year round breeding have been successful in cattle, but an endogenous 

biologic rhythm exists especially under extreme conditions (Stumpf et al., 1993).  

 

In the summer and early autumn, periods of infertility, late pregnancy and early pregnancy 

disruption are reported to be frequent in both sows and gilts (Tast et al., 2002; Bertoldo et 

al., 2009). Just like other livestock in the tropics, swine can normally breed throughout the 

year, if food and housing are adequate (Macchi et al., 2010). In the mid- and high-latitudes, 

the combination of hormonal treatments and photoperiod manipulation are effective in 

mitigating seasonal infertility. The economic implication, however, precludes the 

widespread application of this practice (Bassett et al., 2001). External factors influencing the 

attainment of puberty and the oestrous cycle in gilts include the detection of oestrus, the 

season of the year during the sexual development, the confinement environment, boar 

exposure, nutrition and disease (Tummaruk et al., 2004). Seasonal infertility in prepuberal, 

cycling, lactating, and anestrus sows may be treated using gonadotropins so as to decrease 

the weaning-to-estrus interval (WEI) and subsequent fertility (Tummaruk et al., 2007). 

Knowledge on the influence of factors such like farm managment, season and breed on the 

oestrous pattern and ovulation time of individual sows would allow the use of a more precise 

strategy for artificial insemination (Johnson et al., 2000). 
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CHAPTER THREE 

 

3.0             MATERIALS AND METHODS 

3.1 Location of Study 

The study was carried out at the goat farm of the Small Ruminant Research Programme, 

National Animal Production Research Institute (NAPRI), Shika, Ahmadu Bello University, 

Zaria. NAPRI is located in the Northern Guinea Savannah of Nigeria between latitude 11 
º
N 

and 12 
º
N and between longitude 7 

º
E and 8 

º
E at an elevation of 650 m above sea level.   

 

3.2 Seasons of the Study Area 

This study was carried out in the dry (November – April) and rainy (May – October) 

seasons. In the study area, the harmattan season, occurring between November and February 

is characterized by cold weather and dry dust-laden winds. Meteorological data (rainfall, 

relative humidity, ambient temperature, wind speed, duration of sunshine hours) from the 

study periods were obtained from the Institute for Agricultural Research, Ahmadu Bello 

University, Zaria, located in a distance of about 10 kilometers from the experimental site 

(Table 3.1). In the dry and rainy seasons, daily minimum and maximum temperature ranged 

from 17 
o
C to 34 

o
C and 20 

o
C to 34 

o
C, respectively. Mean relative humidity fluctuated 

between 17 % to 20 %; and 61 % and 74 % in the dry and rainy seasons, respectively. 

Average monthly rainfall varied from 0 mm in the dry season to 334 mm during the rainy 

season.  
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3.3 Experimental Animals and Herd Management 

Red Sokoto (RS) and Sahel (SH) does, with body condition score range of 2-4 (Mellado et 

al., 2004) and aged 2-3 years, were used in this study. Only Red Sokoto and Sahel bucks 

with BCS greater than 3 and high libido were used for breeding. Experimental animals were 

identified by means of plastic ear tags, screened for blood and helminth parasites, and 

appropriate treatments and vaccinations were carried out. Experimental animals were grazed 

on native pastures during the day time, fed Digitaria smutsii hay and concentrate 

supplement (0.5 kg/head/day), and water provided ad libitum. They were housed in pens 

with large paddocks during the daytime for grazing.  They were dipped once weekly during 

the dry season and twice weekly during the rainy season in Coumaphos (Asuntol
®
, Bayer) 

an organophosphate acaricide at a dilution of 1 litre of 16 % coumaphos to 800 litres of 

water for the control of ectoparasites. Does that kidded more than 5 months earlier had their 

kids withdrawn at least 1 month before the commencement of the study.  A minimum 

distance of about 500 m was used to separate the buck-exposed from the non-exposed does 

so as to minimize influence of exteroceptive stimuli associated with each other.  

 

3.4 Experimental progestagens/exogenous hormones  

Does were treated with CIDR, FGA-30 mg or FGA-45 mg for 14 days. The CIDR is a T-

shaped intravaginal implant, containing 300 mg natural progesterone (Eazi-Breed CIDR, 

InterAg, Hamilton, New Zealand) and impregnated in a silicon elastomer core. The FGA-30 

or 45 mg FGA (FGA, Chronogest, Intervet S.A., Angers, France) are intravaginal pessaries 

containing 30 and 45 mg of fluorogestone acetate, respectively.  
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3.5 Experimental Design 

3.5.1 Experiment 1: Influence of continuous buck exposure during progestagen 

treatment and season on oestrus behaviour and fertility of Red Sokoto goats 

A total of 180 RS does were randomly allocated into four treatments in the dry season (n = 

96): (1) exposed to aproned buck only (BE, n = 28); (2) exposed to aproned buck and treated 

with CIDR (BECD, n = 28); (3) CIDR implant only (CD, n = 20); (4) Control (CN, n = 20). 

During the rainy season (n = 84), RS does were also allocated into four groups as follows:  

(1) exposed to aproned buck only (BE, n = 22); (2) exposed to aproned buck and treated 

with CIDR (BECD, n = 22); (3) CIDR implant only (CD, n = 20); (4) Control (CN, n = 20), 

(Figure 3.1).  

 

3.5.2 Experiment 2: Effect of limited buck stimulus and season on oestrus behaviour 

of progesterone-treated Sahel goats 

A total of 114 Sahel does were randomly allocated into four treatments in the dry (n = 94) 

and rainy (n = 120) seasons: (1) teasing for 7 days only (aproned buck exposure and no 

CIDR implant, BE); (2) teased for 7 days before Eazi-Breed CIDR insert (CIDR; 14 days 

treatment with 330 mg progesterone) implant withdrawal (aproned buck exposure plus 

CIDR implant, BECD); (3) CIDR implant for 14 days only (No aproned buck exposure and 

treated with CIDR, CD); (4) control (no aproned buck exposure no CIDR implant, CN) 

(Figure 3.2).  
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3.5.3 Experiment 3: Influence of continuous buck exposure, season and dose of 

fluorogestone acetate on oestrus behaviour and fertility of Red Sokoto goats 

A total of 216 Red Sokoto does were randomly allocated into four treatments in the dry 

season (n = 96): (1) exposed to aproned buck and treatment with FGA-30 mg (BEF3, n = 

28); (2) exposed to aproned buck and treated with FGA-45 mg (BEF4, n = 28); (3) treated 

with FGA-30 mg only (F3, n = 20); (4) treated with FGA-45 mg only (F4, n = 20), and rainy 

season (n = 120):  (1) exposed to aproned buck and treated with FGA-30 mg (BEF3, n = 

30); (2) exposed to aproned buck and treated with FGA-45 mg (BEF4, n = 30); (3) treated 

with FGA-30 mg only (F3, n = 30); (4) treated with FGA-45 mg only (F4, n = 30) (Figure 

3.3).  

 

3.5.4 Experiment 4: Influence of male stimulus, dose of fluorogestone acetate and 

season on oestrus and fertlity responses of Sahel goats 

A total 212 SH does were randomly allocated into four treatments in the dry season (n = 92): 

(1) exposed to aproned buck and treatment with FGA-30 mg (BEF3, n = 24); (2) exposed to 

aproned buck and treated with FGA-45 mg (BEF4, n = 24); (3) treated with FGA-30 mg 

only (F3, n = 22); (4) treated with FGA-45 mg only (F4, n = 22), and rainy season (n = 120):  

(1) exposed to aproned buck and treated with FGA-30 mg (BEF3, n = 30); (2) exposed to 

aproned buck and treated with FGA-45 mg (BEF4, n = 30); (3) treated with FGA-30 mg 

only (F3, n = 30); (4) treated with FGA-45 mg only (F4, n = 30) (Figure 3.4).  
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3.5.5 Experiment 5: Serum progesterone levels of Red Sokoto does treated with 

different progestagens and continuous exposure to buck effect 

Red Sokoto (RS) does (n=18) were randomly allocated into six groups (n=3/group): (1) 

aproned buck exposure and controlled internal drug release (CIDR) treatment (BECD); (2) 

CIDR treatment only (CD); (3) aproned buck exposure and FGA-30 mg treatment (BEF3); 

(4) FGA-30 mg treatment only (F3); (5) aproned buck exposure and FGA-45 mg treatment 

(BEF4) and (6) FGA-45 mg treatment only (F4). Intravaginal progestagens (CIDR, FGA-30 

mg or FGA-45 mg) were inserted for 14 days with or without buck exposure on day 7 to the 

end of progestagen treatment (Figure 3.5). Following removal, does were placed for five 

days with intact bucks to detect oestrus.  

 

3.5.6 Experiement 6: Serum progesterone profiles of Sahel does treated with 

progestagens with or without exposure to buck effect 

SH does (n = 18) were randomly allocated into six groups (n = 3/group): (1) aproned buck 

exposure and controlled internal drug release (CIDR) treatment (BECD); (2) CIDR 

treatment only (CD); (3) aproned buck exposure and fluorogestone acetate (FGA)-30 mg 

treatment (BEF3); (4) FGA-30 mg treatment only (F3); (5) aproned buck exposure and 

FGA-45 mg treatment (BEF4) and (6) FGA-45 mg treatment only (F4). Intravaginal 

progestagens (CIDR, FGA-30 mg or FGA-45 mg) were inserted for 14 days with or without 

buck exposure on day 7 to the end of progestagen treatment (Figure 3.6). Following 

removal, does were placed for five days with intact bucks to detect oestrus.  
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 I BE: Red Sokoto does exposed to „buck effect‟ only for 14 days  

   

 d 0                  Buck Effect                     d 14     Heat Detection and Breeding       d 19 

 

 

II BECD: Red Sokoto does treated with CIDR
®
 for 14 days and continuously exposed to „buck 

effect‟ 

 

   

 d 0                    Buck Effect + CIDR
®
                    d 14    Heat Detection and Breeding        d 19 

 

 

III CD: Red Sokoto does treated with CIDR
®
 only for 14 days 

  

  d 0                                 CIDR
®
                      d 14    Heat Detection and Breeding        d 19 

 

 

IV CN: Red Sokoto does serving as controls received no buck exposure and no hormone 

treatment 

 

   d 0                                                            d 14    Heat Detection and Breeding       d 19 

 

 

Figure 3.1: Treatment protocol summary for oestrus synchronisation in Red Sokoto does 

using CIDR and exposure to aproned bucks. 

d = Experimental day                         = Duratiion  

BE = Aproned buck exposure only    CD = CIDR only 

BECD = Aproned buck exposure and CIDR            CN = Control  

CIDR = Controlled internal drug release device  
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CIDR
®
  

7 14 Buck Effect 

 

I BE: Sahel does exposed to „buck effect‟ only for 7 days   

   d 0                          7         Buck Effect         14    Heat Detection and Breeding           d 19 

 

 

 

II BECD: Sahel does treated with CIDR
®
 for 14 days and exposed to „buck effect‟ 7 days 

before CIDR withdrawal 

 

   d 0                             

 
 

 

 

 

III CD: Sahel does treated with CIDR
®
 only for 14 days 

  

  d 0                                  CIDR
®
                     14      Heat Detection and Breeding         d 19 

 

 

 

IV CN: Sahel does serving as control received no buck exposure and no hormone treatment 

 

    

   d 0                                                              14     Heat Detection and Breeding        d 19 

 

 

Figure 3.2: Treatment protocol summary for oestrus synchronisation of Sahel does using 

CIDR and exposure to aproned bucks. 

d = Experimental day                         = Duratiion  

BE = Aproned buck exposure only    CD = CIDR only 

BECD = Aproned buck exposure and CIDR            CN = Control  

CIDR = Controlled internal drug release device  

 

 

 

Heat Detection and Breeding         d 19 

 



 

63 

 

1 BEF3: Red Sokoto does exposed to „buck effect‟ and treated with intravaginal  

            sponge impregnated with 30 mg fluorogestone acetate (FGA-30 mg) for 14 days.   

   

 d 0               Buck Effect  +  FGA-30 mg                d 14        Heat Detection and Breeding      d 19 

 

 

2 BEF4: Red Sokoto does exposed to „buck effect‟ and treated with intravaginal sponge 

impregnated with 45 mg fluorogestone acetate (FGA-45 mg) for 14 days.   

 

   d 0                 Buck Effect + FGA-45 mg              d 14      Heat Detection and Breeding      d 19 

 

3 F3: Red Sokoto does not exposed to „buck effect‟ and treated with intravaginal sponge 

impregnated with 30 mg fluorogestone acetate (FGA-30 mg) only for 14 days.   

  

  d 0                               FGA-30 mg                           d 14     Heat Detection and Breeding       d 19 

 

 

4 F4: Red Sokoto does not exposed to „buck effect‟ and treated with intravaginal sponge 

impregnated with 45 mg fluorogestone acetate (FGA-45 mg) only for 14 days.   

       

  d 0                       FGA-45 mg                       d 14    Heat Detection and Breeding      d 19 

 

Figure 3.3: Treatment protocol summary for oestrus synchronisation in Red Sokoto does 

using FGA (30 mg and 45 mg) and buck effect.  

d = Experimental day                         = Duration  

BEF3 = Aproned buck exposure and FGA-30   F3 = No buck exposure and FGA-30          

BEF4 = Aproned buck exposure and FGA-45    F4 = No buck exposure and FGA-45         
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FGA-30
®

  7 d 0 Buck Effect 
14 

FGA-45
®

  7 Buck effect 14 

I BEF3: Sahel does treated with intravaginal sponge impregnated with 30 mg fluorogestone 

acetate (FGA-30 mg) for 14 days and exposed to „buck effect‟ for 7 days before pessaries 

withdrawal. 

     

 

 

 

 

II BEF4: Sahel does treated with intravaginal sponge impregnated with 45 mg fluorogestone 

acetate (FGA-45 mg) for 14 days and exposed to „buck effect‟ for 7 days before pessaries 

withdrawal.  

   

d 0 
 

 

 

 

III F3: Sahel does treated with intravaginal sponge impregnated with 30 mg fluorogestone 

acetate (FGA-30 mg) for 14 days only.   
  

  d 0                              FGA-30
®
                       d 14      Heat Detection and Breeding      d 19 

 

 

 

IV F4: Sahel does treated with intravaginal sponge impregnated with 45 mg fluorogestone 

acetate (FGA-45 mg) for 14 days only. 
       

  d 0                              FGA-45
®
                       d 14      Heat Detection and Breeding      d 19 

 

 

Figure 3.4: Treatment protocol summary for oestrus synchronisation in Sahel does using 

fluorogestone acetate and limited exposure to aproned bucks. 

 

BEF3 = Aproned buck exposure and FGA-30   F3 = No buck exposure and FGA-30          

BEF4 = Aproned buck exposure and FGA-45    F4 = No buck exposure and FGA-45         

 

Heat Detection and Breeding         d 19 

 

Heat Detection and Breeding         d 19 
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Figure 3.5: Blood sampling summary for serum progesterone profile of Red Sokoto does 

treated with CIDR
®
, FGA-30

®
 and FGA-45

®
 with or without continuous buck exposure. 

CIDR
®
 = Controlled internal drug release devices 

FGA-30
®
 = 30 mg fluorogestone acetate sponges  

FGA-45
®
 = 45 mg fluorogestone acetate sponges  

 

 

 

 

 

 

 

 

 

 

0                4  7               11    14  oestrus                 

              
 

 

 

 

 

 

 

 

 

 

 

 

Progestin                        Progestin                   Mating 
Insertion (CIDR, FGA-30, FGA-45)                  withdrawal 

Buck introduction 
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Figure 3.6: Blood sampling summary to evaluate serum progesterone profile of Sahel does 

treated with CIDR
®
, FGA-30

®
 and FGA-45

®
 with or without aproned buck exposure. 

CIDR
®
 = Controlled internal drug release devices 

FGA-30
®
 = 30 mg fluorogestone acetate sponges  

FGA-45
®
 = 45 mg fluorogestone acetate sponges  

 

 

 

 

 

 

 

 

 

 

    Progestin                       Progestin                    Mating 
    Insertion (CIDR, FGA-30, FGA-45)                withdrawal 

0              4  7   11  14  oestrus        

 

 

 

 

 

 

 

 

 

 

 

 

Buck introduction 
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3.6 Oestrus Detection and Breeding 

Does were monitored daily from the start of the experiment for oestrus behaviour and 

receptivity in the morning (0800 h – 1000 h) and in the evening (1500 h – 1700 h) for 19 

days as illustrated (Figure 3.1). A doe was considered to be in oestrus if it allowed mounting 

by the aproned buck and breeding on standing oestrus.  

 

3.7 Sample Collection and Hormonal Asssay  

Five (5) milliliters of blood were collected at 08:00 hours by jugular-venipuncture into 

sterile plain bottles using a 10-ml hypodermic syringe, fitted with 21 gauge needle on days 0 

(before insertion of progestagens with or without buck exposure), 4, 7, 11, 14 (day of 

progestagens withdrawal) and oestrus. Blood samples were allowed to clot, quickly 

transported to the laboratory and stored at +4 
o
C for 24 hours. Thereafter, serum samples 

were separated by centrifugation at 2500 x g for 15 minutes, placed in appropriately labeled 

serum vials and stored at -20˚C until analyses. Concentration of progesterone was measured 

in serum using competitive immune-enzymatic colorimetric method for quantitative 

determination of progesterone. It was based on the principle of solid phase enzyme-linked 

immunosorbent assay (ELISA). The ELISA kits were used according to the manufacturer‟s 

specifications (Appendix III).  

 

3.8 Data Collection and Analyses 

Oestrus response rate (%) was described as the number of does showing standing oestrus 

and subsequently mated over the total number of does in each treatment group, expressed in 

percentage. Time to onset of oestrus (TOO) was considered to be the time interval from 
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withdrawal of progestagen or teasing (d 14) to the time when a doe stood to be mounted. 

Duration of oestrus (DOO) was considered to be the time between the first and last standing 

oestrus, expressed as the mean ± standard error of mean (SEM). Mounts per oestrus period 

(MPOP) was defined as the number of successful mounts during the induced oestrus period, 

expressed as mean ± standard error of mean (SEM). Conception rate was determined using 

measurement of non-return rate of oestrus 19 – 21 days following natural mating. Pregnancy 

rate was determined by total number of does pregnant, divided by the total number of does 

treated in each group. Kidding rate (%) was evaluated as the number of does that kidded, 

divided by the number of does mated and expressed as percentage. Variables such as oestrus 

response, conception, pregnancy and kidding rates were presented using descriptive 

statistics. Data on serum levels, MPOP, TOO and DOO were expressed as mean ± S.E.M. 

One-way analysis of variance (ANOVA) and post-hoc Tukey‟s test was used to compare 

means of TOO, DOO and MPOP within and among treatments. Student‟s t-test was used to 

compare between similar treatments in the dry and rainy season. Chi-square was used to test 

for association between treatments on oestrus response, conception, pregnancy and kidding 

rates. GraphPad Prism
®

 version 5.01 (2009) data package for Windows from GraphPad 

Software, San Deigo, California, USA (www.graphpad.com) was employed for all statistical 

analyses. Values of P < 0.05 were considered significant.  

 

 

 

 

http://www.graphpad.com/
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CHAPTER FOUR 

 

4.0         RESULTS 

4.1 Meteorological conditions  

 

The meteorological conditions during the study period are presented in Table 4.1. Mean 

relative humidity (RH) was 19 % and 68 % in the dry and rainy seasons, respecrively. Mean 

ambient temperature (AT) was 26 
o
C and 27 

o
C in the dry and rainy seasons, respectively. 

Wind speed was higher in the rainy than in the dry season, while evaporation was lower in 

the rainy season. The dry season was characterised by a total lack of rainfall, while 334 mm 

was obtained for the rainy season (Table 4.1).   

 

Mean body condition score of Red Sokoto does was higher (P < 0.05) in the rainy season 

(3.3 ± 0.2 kg) than in the dry season (2.8 ± 0.1 kg). Similarly, mean body weight was higher 

(P < 0.05) in the rainy (26.83 ± 0.36 kg) than in the dry season (21.56 ± 0.62 kg). Mean 

body condition score of Sahel does was higher (P < 0.05) in the rainy season (2.9 ± 0.1 kg) 

than in the dry season (2.4 ± 0.1 kg). Similarly, mean body weight was higher (P < 0.05) in 

the rainy (24.21 ± 0.37 kg) than in the dry season (19.03 ± 0.11 kg).  
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Table 4.1: Meteorological conditions from the study period during the dry and rainy seasons in Zaria. 

 

 

        Meteorological conditions 

 

   RH    AT    WS  SD  EV  RF 

(%)    (
0
C)    (km/day) (h)  (mm)  (mm) 

Season   Months    

 

DS   Nov – Apr 18.9 ± 3.8
a
   26.4 ± 1.4

a
   148.8 ± 14.9

a
 7.6 ± 0.3

a
 10.8 ± 1.6

a
   0.00  

   (20.5 ± 4.8
 
- 17.3 ± 2.7)  (34.9 ± 1.4 - 17.9 ± 1.3)  

 

RS   May – Oct 68.2 ± 3.9
b
   27.1 ± 1.3

a
   156.4 ± 15.3

a
 6.1 ± 0.3

b
 6.7 ± 0.8

b
 334.9 

   (74.6 ± 3.4 - 61.7 ± 4.4)  (34.1 ± 2.1 - 20.1 ± 0.5)  

   

 

RH = Relative humidity  AT = Ambient temperature WS = Wind speed SD = Sunshine duration  EV = Evaporation 

RF = Rainfall   mm = Millimeters   h = hours  
0
C = Degree Celsius  (%) = Percentage  

Min = Minimum  Max = Maximum  DS = Dry season RS = Rainy season 

 
*Source: Data collected from the Department of Soil Science, Institute for Agricultural Research, Ahmadu Bello University, Zaria 

a,b
 = Means with different superscript letters along the same columns differ significantly (P < 0.05) 

Values in parenthesis are maximum - minimum
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4.2 Oestrus response of Red Sokoto does treated with continuous buck exposure 

and CIDR in the dry and rainy seasons 

 

The oestrus response of RS does following different treatments in the dry and rainy seasons 

are shown in Table 4.2. Oestrus response did not differ significantly between treatments in 

the dry and rainy seasons. However, it was higher in the buck-exposed groups (BE, BECD) 

than in the non-exposed does (CD, CN) in both the dry and rainy seasons. Furthermore, 

oestrus response was higher in the CIDR treated does (BECD, CD) than in the non-CIDR 

treated does (BE, CN) in the rainy season. Generally, oestrus response was similar and did 

not differ in the dry and rainy seasons (Table 4.1). Cumulative oestrus response for the 

BECD does was highest in both the dry and rainy season. On the other hand, lowest 

cumulative oestrus response was observed in the CN does both in the dry and rainy seasons 

(Figure 4.1). Average oestrus occurrence was higher in the morning (08:00-10:00 h) than in 

the evening (16:00-18:00 h) in the dry and rainy season (Figure 4.2).  
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Table 4.2: Oestrus response of Red Sokoto does treated with continuous buck exposure and CIDR in the dry and rainy seasons 
 

 

   

         

       Dry Season     Rainy Season 

 

Treatment groups     n Does in oestrus (%)   n Does in oestrus (%) 

 

    Exposure and progestagens 

Buck exposure and no CIDR treatment  28 25 (89.3)        22 19 (86.4)    

Buck exposure and CIDR treatment  28 24 (85.7)    22 20 (90.9) 

No exposure and CIDR treatment   20 13 (65.0)    20 14 (70.0) 

No exposure and no CIDR treatment   20 8 (40.0)     20 6 (30.0) 

  

    Exposure   

Buck exposure (pooled)    56 49 (87.5)    44 39 (88.6) 

No exposure (pooled)    40 21 (52.5)    40 20 (50.0) 

 

    Progestagen 

CIDR treatment (pooled)   48 37 (70.1)    42 34 (80.9) 

No CIDR treatment (pooled)   48 33 (68.8)    42 25 (59.5) 

 

    Oestrus response (pooled)    96 70 (72.9)    84 59 (70.0) 

 
n = number of does treated (%) = Percent  CIDR = Controlled internal drug release device  
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Figure 4.1: Cummulative frequency of oestrus observed over a 19-day period in Red Sokoto does treated with continuous buck 

exposure and CIDR in the dry and rainy seasons.    

BE = Buck exposed only    BECD = Buck exposure + CIDR treatment  CD = CIDR only    CN = Control   

RS = Rainy season     DS = Dry season 
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Figure 4.2: Period of oestrus occurrence observed over a 19-day period in Red Sokoto does treated with continuous buck exposure and 

CIDR in the dry and rainy season.    
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4.3 Interval to onset of oestrus of Red Sokoto does treated with continuous buck 

exposure and CIDR in the dry and rainy season. 

The interval to onset of oestrus of RS does treated with CIDR and exposed to buck are 

shown in Table 4.3. A longer (P < 0.05) interval to oestrus was observed in does exposed to 

bucks only, compared to does treated with CIDR and exposed to bucks in both dry and rainy 

seasons (Table 4.3). The BECD does were in oestrus at 23.5 h in the dry season, 

significantly (P < 0.05) shorter than the 41.7 h observed in the rainy season. The CIDR 

treated does (BECD, CD) were in oestrus earlier (P < 0.05) than the non-CIDR treated does 

(BE, CN) (Table 4.3).  
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Table 4.3: Interval to onset of oestrus of Red Sokoto does treated with continuous buck exposure and CIDR in the dry and rainy seasons. 

              

         

      Dry Season      Rainy Season 

 

Treatment groups     n Time to onset of oestrus (h)   n Time to onset of oestrus (h) 

       

 

    Exposure and progestagens 

Buck exposure + no CIDR treatment  25 123.9 ± 9.9
a*

                    19 133.6 ± 16.4
a* 

          

Buck exposure + CIDR treatment 24 23.5 ± 0.1
b
     20 41.7 ± 4.0

b*
 

No exposure + CIDR treatment   13 38.1 ± 3.2
b,c*

         14 35.1 ± 4.7
b,c*

 

No exposure + no CIDR treatment  8 70.6 ± 10.3
b,d*

     6 92.9 ± 14.5
a,b,d*

 

  

 

    Exposure  

Buck exposure (pooled)   49 73.7 ± 5
a
     39 87.7 ± 10.2

a
 

No exposure (pooled)   21 54.4 ± 6.8
b
     20 64.1 ± 9.6

b
 

 

 

    Progestagen 

CIDR treatment (pooled)  37 30.8 ± 1.7
a
     34 38.4 ± 4.4

a
 

No CIDR treatment (pooled)  33 97.3 ± 10.1
b
     25 113.4 ± 15.5

b
 

 

    Time to onset of oestrus (pooled)  96 64.1 ± 5.9
*
     84 75.8 ± 9.9

*
 

 
a,b,c,d 

Data (Mean ± SEM) in columns with different superscript letter are significantly (P < 0.05) different. 
*,# 

Data (Mean ± SEM) in rows across seasons with different superscripts are significantly (P<0.05) different.    
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4.4 Duration of oestrus of Red Sokoto does treated with continuous buck exposure 

and CIDR in the dry and rainy season. 

  

The duration of oestrus of Red Sokoto does treated with progestagens and buck exposure in 

the dry and rainy season are shown in Table 4.4. A longer (P < 0.05) duration of oestrus was 

observed in does exposed to bucks only, compared to does treated with CIDR and exposed 

to bucks in dry season (Table 3.4). The BECD does had a longer (P < 0.05) oestrus duration 

than the CD does, both in the dry and rainy seasons. Generally, oestrus duration was longer 

in does exposed to buck (BECD, BE) than does without buck exposure in the dry and rainy 

seasons (Table 4.4).  
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Table 4.4: Duration of oestrus in Red Sokoto does treated with continuous buck exposure and CIDR in the dry and rainy season 

     Dry Season        Rainy Season 

 

 

   Treatment groups     n Duration of oestrus (h)     n Duration of oestrus (h)  

       

 

    Exposure and progestagens 

Buck exposure + no CIDR treatment  25 55.7 ± 3.5
a*

                     19 26.3 ± 0.1a# 
         

Buck exposure + CIDR treatment  24 38.4 ± 5.3b*
      20 46.7 ± 0.8b*

 

No exposure + CIDR treatment   13 33.2 ± 3.6b*
          14 32.4 ± 1.5a*

 

No exposure + no CIDR treatment   8 32.4 ± 1.0b*
      6 29.4 ± 3.7a*

 

  

 

    Exposure  

Buck exposure (pooled)   49 47.05 ± 4.4
a*

      39 36.5 ± 0.5
a*

 

No exposure (pooled)   21 32.8 ± 2.3
b*

      20 30.9 ± 2.6
a*

 

 

 

    Progestagen 

CIDR treatment (pooled)   37 35.8 ± 4.5
a*

      34 39.6 ± 1.2
a*

 

No CIDR treatment (pooled)  33 44.1 ± 2.3
b*

      25 27.9 ± 1.9
b#

 

 
    Duration of oestrus (pooled)   96 39.9 ± 3.4

*
      84 33.7 ± 1.5

* 

 
a,b 

Data (Mean ± SEM) in columns with different superscript letters are significantly (P < 0.05) different.  
*,# 

Data (Mean ± SEM) in rows across seasons with different superscripts are significantly (P<0.05) different.  
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4.5 Mounts per oestrus period of Red Sokoto does treated with continuous buck 

exposure and CIDR in the dry and rainy season. 

The mounts per oestrus period of RS does treated with CIDR and exposure to buck are 

shown in Table 4.5. Averagely, higher (P < 0.05) mounts per oestrus period was observed in 

the buck exposed does compared to the non-exposed in the dry and rainy seasons (Table 

4.5).  The BECD does exhibited higher (P < 0.05) mounts per oestrus period in the rainy 

season than the dry season. The lowest number of mounts per oestrus period was recorded in 

the CN does in the dry and rainy seasons (Table 4.5).  
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Table 4.5: Mounts per oestrus period of Red Sokoto does treated with continuous buck exposure and CIDR in the dry and rainy seasons 

     Dry Season       Rainy Season 

        

 

    Treatment groups     n Mounts per oestrus period     n Mounts per oestrus period   

     

 

    Exposure and progestagens 

Buck exposure + no CIDR treatment  25 5.4 ± 0.4
a*

                  19 4.1 ± 0.4
a#

     

Buck exposure + CIDR treatment  24 4.1 ± 0.3
b*

     20  5.5 ± 0.2
b#

 

No exposure + CIDR treatment   13 2.6 ± 0.2
c,d*

      14 3.6 ± 0.2
a,d*

 

No exposure + no CIDR treatment   8 2.4 ± 0.3
b,c,d*

     6 1.7 ± 0.3
c,d,e*

 

  

 

    Exposure  

Buck exposure (pooled)   49 4.8 ± 0.4
a*

     39 4.8 ± 0.3
a*

 

No exposure (pooled)   21 2.5 ± 0.3
b*

     20 2.7 ± 0.3
b*

 

 

 

    Progestagen 

CIDR treatment (pooled)   37 3.4 ± 0.3
a*

     34 4.6 ± 0.2
a#

 

No CIDR treatment (pooled)  33 3.9 ± 0.4
a*

     25 2.9 ± 0.4
b# 

 

    Mounts per oestrus period (pooled)  96 3.6 ± 0.3 *     84 3.7 ± 0.3* 

 
a,b,c,d,e 

= Data (Mean ± SEM) in columns with different superscript letters are significantly (P < 0.05) different. 
*,# 

= Data (Mean ± SEM) in rows across seasons with different superscripts are significantly (P<0.05) different .



 

81 

 

4.6 Conception, pregnancy and kidding rates of Red Sokoto does treated with 

continuous buck exposure and CIDR in the dry and rainy seasons. 

 

The conception, pregnancy and kidding rates of RS does treated with progestagens and 

continuous exposure to bucks in the dry and rainy season are shown in Table 4.6. Higher 

conception was observed in the BECD does, compared to the CD does. Similarly, does 

exposed to the buck effect showed higher conception than does not exposed to bucks. 

Overall, conception rates were higher in all treatments in the rainy season than in the dry 

season (Table 4.6). Pregnancy rates were higher in the rainy season than dry season (Table 

4.6). However, lower pregnancy rates were observed in the non-exposed does (CD, CN), 

compared to the buck exposed does (BECD, BE).  
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Table 4.6: Conception, pregnancy and kidding rates of Red Sokoto does treated with continuous buck exposure and CIDR in the  

      dry and rainy seasons. 

 
         

     Dry Season       Rainy Season  

  

Treatment groups    Does  Does CR  PR KR  Does Does  CR  PR KR           

    treated bred       treated bred 

n n n (%)  % %  n n n (%)  % % 

 

Exposure and progestagens 

    Buck exposure + no CIDR    28 25 22 (88.0) 78.6 80.0      22 19 18 (94.7) 81.8 50.0  

    Buck exposure + CIDR   28 24 19 (79.2) 67.9 96.0   22 20  20 (100) 90.9 54.0 

    No exposure + CIDR    20 13 8 (61.5)  40.0 77.0  20 14 11 (78.6) 55.0 100 

    No exposure + no CIDR    20 8 7 (87.5)  35 62.0  20 6 6 (100)  30.0 83.0 

  
 

Exposure  

    Buck exposure (pooled)  56 49 41 (83.7) 73.2 88.0  44 39 38 (97.4) 86.4 52.0  

    No exposure (pooled)   40 21 15 (71.4) 37.5 70.0  40 20 17 (85.0) 42.5 100 

 

Progestagen 

    CIDR treatment (pooled)  48 37 27 (72.9) 56.3 87.0   42 34 31 (91.2) 73.8 92.0 

    No CIDR treatment (pooled)  48 33 29 (87.9) 60.4 71.0  42 25 24 (96)  57.1 67.0 

 

Total (pooled)    96 70 56 (80.0) 58.3 79.0  84 59 55 (93.2) 65.5 79.0 
 
 

CR = Conception rate  PR = Pregnancy rate  KR = Kidding rate  % = Percentage  n = Number 

 

CIDR = Controlled Internal Drug Release Device 
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4.7 Oestrus response of Sahel does treated with progestagens and 7-day buck 

stimulus in the dry and rainy season. 

The oestrus response of SH does following different treatments in the dry and rainy season 

are shown in Table 4.7. Overall oestrus response did not differ significantly between 

treatments in the dry (48.9 %) and rainy (59.2 %) season. However, oestrus response was 

higher (P < 0.05) in the buck-exposed does (BE, BECD) than in the non-exposed does (CD, 

CN) in both dry and rainy seasons. Furthermore, oestrus response was higher (P < 0.05) in 

the CIDR treated does (BECD, CD) than in the non-CIDR treated does (BE, NBENCD) in 

the dry and rainy seasons. Cumulative oestrus response for the BECD does was highest 

within the 5-day breeding period after CIDR withdrawal in both the dry and rainy seasons 

(Figure 4.3). The lowest cumulative oestrus response was observed in the CN does in both 

the dry and rainy seasons (Table 4.7). Average oestrus occurrence was higher in the morning 

(08:00-10:00 h) than in the evening (16:00-18:00 h) hours in the dry and rainy seasons 

(Figure 4.3). 
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Table 4.7: Oestrus response of Sahel does treated with progestagens and exposed to buck for seven days in the dry and rainy season. 
 

 

        

         

       Dry Season     Rainy Season 

 

Treatment groups    n Does in oestrus (%)   n Does in oestrus (%) 

 
 

Exposure and progestagens 

     Buck exposure + no CIDR treatment   22 10 (45.5)        30 18 (60.0)    

     Buck exposure + CIDR treatment  25 17 (68.0)    30 23 (76.7) 

     No exposure + CIDR treatment   25 13 (52.0)    30 20 (66.7) 

     No exposure + no CIDR treatment   22 6 (27.3)     30 10 (33.3) 

  

Exposure   

     Buck exposure (pooled)   47 27 (57.4)    60 41 (68.3) 

     No exposure (pooled)   47 19 (40.4)    60 30 (50.0) 

 

Progestagen 

     CIDR treatment (pooled)   50 30 (60.0)    60 43 (71.7) 

     No CIDR treatment (pooled)   44 16 (36.4)    60 28 (46.7) 

 

Oestrus response (pooled)   94 46 (48.9)    120 71 (59.2) 

 
n = number of does treated (%) = Percentage  CIDR = Controlled internal drug release device  
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Figure 4.3: Cumulative frequency of oestrus observed over a 19-day period in Sahel does treated with CIDR and buck exposure in the 

dry and rainy seasons.    

BE = Buck exposure     BECD = Buck exposure + CIDR treatment  CD = CIDR treatment only      CN = Control 

DS = Dry season  RS = Rainy season  
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Figure 4.4: Period of oestrus occurrence observed over a 19-day period in Sahel does treated with CIDR and buck exposure in the dry 

and rainy seasons.   

CIDR = Controlled internal drug release devices   
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4.8 Interval to onset of oestrus of Sahel does treated with progestagens and 7-day 

buck exposure in the dry and rainy season. 

The interval to onset of oestrus of SH does treated with CIDR with or without exposure to 

buck are shown in Table 4.8. A longer (P < 0.05) interval to oestrus was observed in does 

exposed to bucks, compared to does treated with CIDR and exposed to bucks in both dry 

and rainy seasons (Table 4.8). The BECD does were in oestrus at 29.2 h in the dry season, 

comparable to the 29.5 h observed in the rainy season. Also, CIDR treated does (BECD, 

CD) were in oestrus faster (P < 0.05) than the non-CIDR treated does (BE, CN). The CD 

does were in oestrus at 36.7 h in the dry season, significantly (P<0.05) longer than the 28.6 h 

recorded for them in the rainy season (Table 4.7).  
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Table 4.8: Interval to onset of oestrus in Sahel does treated with progestagens and 7-day buck exposure in the dry and rainy season 

         

Dry Season      Rainy Season 

 

 

Treatment groups    n Time to onset of oestrus (h)   n Time to onset of oestrus  

       

 
 

         Exposure and progestagens 

     Buck exposure + no CIDR treatment  10 94.3 ± 11.3
a*

                 18 71.9 ±
 
11.9

a*
      

     Buck exposure + CIDR treatment 17 29.2 ± 1.9
b*

     23 29.5 ± 2.1
b*

 

     No exposure + CIDR treatment  13 36.7 ± 3.1
b,c*

     20 28.6 ± 2.7
c,b*

 

     No exposure + no CIDR treatment  6 69.7 ± 11.4
a,c,d*

     10 61.2 ± 8.5
a,c,d*

 

 

 

         Exposure  

     Buck exposure (pooled)  27  61.8 ± 6.6
a
     41 50.7 ± 7.0

a
  

     No exposure (pooled)  19  53.2 ± 7.3
a
      30 44.9 ± 5.6

a
 

 

 

         Progestagen 

     CIDR treatment (pooled)  30 32.9 ± 2.5
a*

     43 29.1 ± 2.4
a*

 

     No CIDR treatment (pooled)  16 82.0 ± 11.4
b*

     28 66.6 ± 10.2
b#

 

 

 

         Time to onset of oestrus (pooled)  46 57.5 ± 6.9
*
     71 47.8 ± 6.3

*
  

 
 

a,b,c,d 
Data (Mean ± SEM) in columns with different superscript letter are significantly (P < 0.05) different  

*,# 
Data (Mean ± SEM) in rows across seasons with different superscripts are significantly (P<0.05) different    
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4.9 Duration of oestrus of Sahel does treated with progestagens and exposed to 

buck in the dry and rainy seasons. 

  

The duration of oestrus in SH does treated with progestagens and subjected to buck 

exposure in the dry and rainy seasons are shown in Table 4.9. Overall, duration of induced 

oestrus did not differ significantly between groups (Table 4.9), but the mean oestrus duration 

was longer (P < 0.05) in the CIDR-treated does than in the non-CIDR treated does. Average 

duration of oestrus was longer in the rainy (31.9 h) compared to the dry (28.9 h) season. 
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Table 4.9: Duration of oestrus in Sahel does treated with progestagens and buck exposure in the dry and rainy season 

      Dry Season     Rainy Season 

 

 

Treatment groups     n Duration of oestrus (h)   n Duration of oestrus  

       

 
 

Exposure and progestagens 

     Buck exposure + no CIDR treatment   10 26.1 ± 1.3
a*

                   18 31.4 ± 2.5
a*

           

     Buck exposure + CIDR treatment  17 31.5 ± 1.2
a*

    23 32.0 ± 1.2
a*

 

     No exposure + CIDR treatment   13 36.8 ± 0.7
a,b*

        20 32.5 ± 3.3
a*

 

     No exposure + no CIDR treatment   6 21.2 ± 2.5
a*

    10 31.5 ± 2.7
a#

 

  

 

Exposure  

     Buck exposure (pooled)   27 28.8 ± 1.3
a*

     41 31.7 ± 1.9
a*

 

     No exposure (pooled)   19 29.0 ± 1.6
a*

    30 32.0 ± 3.0
a*

 

 

 

Progestagen 

     CIDR treatment (pooled)   30  34.2 ± 0.9
a*

    43 32.3 ± 2.3
a*

 

     No CIDR treatment (pooled)   16  23.7 ± 1.9
b*

    28 31.5 ± 2.6
a#

 

  

 

Duration of oestrus (pooled)   46 28.9 ± 1.4
*
    71 31.9 ± 2.4

*
 

 
a,b 

Data (Mean ± SEM) in columns with different superscript letters are significantly (P < 0.05) different  
*,# 

Data (Mean ± SEM) in rows across seasons with different superscripts are significantly (P<0.05) different  
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4.10 Mounts per oestrus period of Sahel does treated with progestagens and buck 

exposure in the dry and rainy seasons. 

The mounts per oestrus period of Sahel does treated with CIDR and exposed to buck are 

shown in Table 4.10. Averagely, higher (P < 0.05) mounts per oestrus period was observed 

in does exposed to bucks, compared to does not exposed to buck in the dry season only 

(Table 4.10). BECD does had higher (P < 0.05) mounts per oestrus period than CD does in 

the dry season. Mounts per oestrus period did not differ between treatments in the rainy 

season (Table 4.10). The lowest number of mounts per oestrus period was recorded in the 

CN does in the dry season (Table 4.10).  
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Table 4.10: Mounts per oestrus period of Sahel does treated with progestagens and buck exposure in the dry and rainy season 

     Dry Season     Rainy Season 

 

 

    Treatment groups     n Mounts per oestrus period   n Mounts per oestrus period   

     

 

 

    Exposure and progestagens 

Buck exposure + no CIDR treatment  10 2.3 ± 0.2
a*

                 18 3.6 ± 0.2
a#

      

Buck exposure + CIDR treatment 17 5.1 ± 0.4
b*

    23  3.7 ± 0.3
a#

 

No exposure + CIDR treatment   13 3.2 ± 0.3
a,c*

     20 3.7 ± 0.2
a*

 

No exposure + no CIDR treatment  6 2.2 ± 0.2
a,c,d*

    10 3.9 ± 0.1
a#

 

  

 

    Exposure  

Buck exposure (pooled)   27 3.7 ± 0.3
a*

    41 3.7 ± 0.3
a*

 

No exposure (pooled)   19 2.7 ± 0.3
b*

    30 3.8 ± 0.2
a#

 

 

 

    Progestagen 

CIDR treatment (pooled)  30 4.2 ± 0.4
a*

    43 3.7 ± 0.3
a*

 

No CIDR treatment (pooled)  16 2.3 ± 0.2
b*

    28 3.8 ± 0.2
a# 

 

    Mounts per oestrus period (pooled)  46 3.2 ± 0.3
*
    71 3.7 ± 0.2

*
 

 
 

a,b,c,d 
Data (Mean ± SEM) in columns with different superscript letters are significantly (P < 0.05) different  

*,# 
Data (Mean ± SEM) in rows across seasons with different superscripts are significantly (P<0.05) different  

CIDR = Controlled internal drug release devices 
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4.11 Conception, pregnancy and kidding rates of Sahel does treated with 

progestagens and exposed to buck in the dry and rainy seasons. 

 

The conception, pregnancy and kidding rates of SH does treated with progestagens and 

exposed to bucks in the dry and rainy seasons are presented in Table 4.11. Highest 

conception was observed in the BE does compared to the CD does in the dry and rainy 

season (Table 4.11). Averagely, does exposed to the buck effect showed higher conception 

than does not exposed to bucks although not significantly. Overall, conception rates were 

higher in the rainy season (88.7 %) than dry season (80.4 %) (Table 4.11). Pregnancy rates 

were lower (P < 0.05) in the non-buck exposed does (CD, CN), compared to the buck 

exposed does (BECD, BE).  
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Table 4.11: Conception, pregnancy and kidding rates of Sahel does treated with progestagens and buck exposure in the dry and rainy 

season. 

 
Dry Season      Rainy Season 

  

Treatment groups    Does Does CR         PR     KR  Does Does CR    PR      KR  

    treated bred      treated bred    

    n n n (%)  % %  n n n (%)  % % 

 
 

Exposure and progestagens 

        Buck exposure + no CIDR treatment  22 10 9 (90.0)  40.9     140  30 18 18 (100.0) 60.0 66.0 

        Buck exposure + CIDR treatment 25 17 14 (82.4) 56.0 76.0   30 23  19 (82.6) 63.3 48.0 

        No exposure + CIDR treatment  25 13 8 (61.5)  32.0 100  30 20 18 (90.0) 60.0 40.0 

        No exposure + no CIDR treatment  22 6 6 (100.0) 27.3 250  30 10 8 (80.0)  26.7 70.0 
 

  
 

Exposure  

        Buck exposure (pooled)  47 27 23 (85.2) 48.9 100  60 41 37 (90.2) 61.7 56.0 

        No exposure (pooled)   47 19 14 (73.7) 29.7 147  60 30 26 (86.7) 43.3 50.0 

 

 

Progestagen 

        CIDR treatment (pooled)  50 30 22 (73.3) 44.0 87.0   60 43 37 (86.1) 61.7 44.0 

        No CIDR treatment (pooled)  44 16 15 (93.8) 34.1 181.0  60 28 26 (92.7) 43.3 68.0 

  
 

Total (Pooled)    94 46 37 (80.4) 39.4 141.6  120 71 63 (88.7) 52.5 56.0 

 
 

 

CR = Conception rate  PR = Pregnancy rate  KR = Kidding rate  % = Percentage  n = Number 

CIDR = Controlled internal drug release devices 
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4.12 Oestrus response of Red Sokoto does treated with progestagens and continuous 

buck exposure in the dry and rainy seasons. 

 

The oestrus responses of Red Sokoto does following different treatments in the dry and 

rainy season are shown in Table 4.12. The responses differed significantly between similar 

treatments in the dry and rainy seasons. Oestrus response was higher (P < 0.05) in the buck 

exposed does (BEF3, BEF4), compared to the non-exposed does (F3, F4) in both the dry and 

rainy seasons. Furthermore, oestrus response was higher (P < 0.05) in the BEF4 does 

compared to the BEF3 does, irrespective of the season (Table 4.12). Generally, oestrus 

response was similar and did not differ (P > 0.05) between the F3 and F4 does in the dry 

season (Table 4.12). Cumulative oestrus response for the BEF3 and BEF4 does was higher 

compared to the F3 and F4 does both the dry and rainy season (Figure 4.5). In this study, 

average oestrus occurrence was higher in the mornings (08:00-10:00 h) than in the evenings 

(16:00-18:00 h) in the dry and rainy seasons (Figure 4.7).  
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Table 4.12: Oestrus response of Red Sokoto does exposed to bucks and treated with polyurethane sponges impregnated with different doses  

                  of fluorogestone acetate in the dry and rainy seasons 

 

 

                

       Dry Season     Rainy Season 

 

Treatment groups    n Does in oestrus (%)    n Does in oestrus (%) 

 
 

Exposure and progestagens 

     I (Buck exposure + FGA-30 mg)  28 18 (64.3)     30 21 (70.0) 

     II (Buck exposure + FGA-45 mg)   28 20 (71.4)     30 27 (90.0) 

     III (No buck exposure + FGA-30 mg)  20 11 (55.0)         30 20 (66.7)    

     IV (No buck exposure + FGA-45 mg)  20 10 (50.0)     30 23 (76.7) 

     

Exposure   

     Buck exposure (pooled)   56 38 (67.9)     60 48 (80.0) 

     No exposure (pooled)   40 21 (52.5)     60 43 (71.7) 

 

Progestagen 

     FGA-30 mg treatments (pooled)  48 29 (60.4)     60 41 (68.3) 

     FGA-45 mg treatments (pooled)  48 30 (62.5)     60 50 (83.3) 

 

Oestrus response (pooled)   96 59 (61.5)     120 91 (75.8) 

 
n = number of does treated  

FGA = Fluorogestone acetate  
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Figure 4.5: Cumulative frequency of oestrus observed over 19 days in Red Sokoto does treated with fluorogestone acetate (FGA) and 

buck exposure 

BEF3 = Buck exposure + FGA-30 treatment         F3 =  FGA-30 mg   DS = Dry season              

BEF4 = Buck exposure + FGA-45 mg   F4 =  FGA-45     RS = Rainy season 
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Figure 4.6: Period of oestrus occurrence observed over a 19-day period in Red Sokoto does treated with buck exposure and 

progestagens in the dry and rainy seasons.  
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4.13 Interval to onset of oestrus of Red Sokoto does treated with continuous buck 

exposure and fluorogestone acetate in the dry and rainy seasons 

The interval to onset of oestrus of Red Sokoto does treated with FGA with or without 

exposure to buck are shown in Table 4.13. A longer (P < 0.05) interval to oestrus was 

observed in the F3 and F4 does, compared to the BEF3 and BEF4 does in the dry season, 

with the reverse in the rainy season (Table 4.13). The BEF3 does were in oestrus at 23.8 h in 

the dry season, significantly (P < 0.05) shorter than the 46.5 h obtained in the rainy season. 

Similarly, the BEF4 does were in oestrus at 30.3 h in the dry season, significantly (P < 0.05) 

shorter than the 38.5 h observed in the rainy season. Dose of FGA did not significantly 

affect time onset of oestrus in the dry season, being 30.8 h and 33.1 h for FGA-30 mg and 

FGA-45 mg, respectively. The time to oestrus onset was advanced (P < 0.05) in the F4 

treatment than on the F3 treatment (Table 4.13). Generally, time to onset of oestrus was 

longer in the rainy (39.8 h) than dry season (31.9 h) (Table 4.13).  
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Table 4.13: Interval to onset of oestrus in Red Sokoto does exposed continuously to bucks and treated with polyurethane sponges impregnated 

with different doses of FGA in the dry and rainy seasons 

          

Dry Season      Rainy Season 

 

Treatment groups     n Time to onset of oestrus (h)   n Time to onset of oestrus (h) 

       

 
 

     Exposure and progestagens 

      Buck exposure + FGA-30 mg  18 23.8 ± 1.1
a,b,c*

                    21 46.5 ± 3.6
a,b# 

           

      Buck exposure + FGA- 45 mg  20 30.3 ± 2.0
a*

     27 38.5 ± 1.8
a,c,d*

 

No exposure + FGA-30 mg   11 37.8 ± 3.4
b,d*

         20 38.2 ± 2.5
b,d*

 

     No exposure + FGA-45 mg  10 35.9 ± 3.8
c,d*

     23 35.9 ± 2.6
b,c*

 

  

 

     Exposure  

      Buck exposure (pooled)   38 27.1 ± 1.6
a*

     48 42.5 ± 2.7
a#

 

      No exposure (pooled)   21 36.9 ± 3.6
b*

     43 37.1 ± 2.6
a*

 

 

 

     Progestagen 

      FGA-30 mg treatments (pooled)  29 30.8 ± 2.3
a*

     41 42.4 ± 3.1
a#

 

      FGA-45 mg treatments (pooled)  30 33.1 ± 2.9
a*

     50 37.2 ± 2.2
a*

 

 

     Time to onset of oestrus (pooled)  59 31.9 ± 2.6
*
     91 39.8 ± 2.7

*
 

 
       a,b,c,d 

Data (Mean ± SEM) in columns with different superscript letters are significantly (P < 0.05) different  
        *,# 

Data (Mean ± SEM) in rows across seasons with different superscripts are significantly (P < 0.05) different   

      FGA = Flurogestone acetate     
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4.14 Duration of oestrus of Red Sokoto does treated with buck exposure and 

fluorogestone acetate in the dry and rainy seasons 

  

The duration of oestrus in Red Sokoto does treated with fluorogestone acetate and buck 

exposure in the dry and rainy seasons are shown in Table 4.14. No difference (P > 0.05) in 

duration of oestrus was observed in does treated with FGA with or without exposure to 

bucks. Duration of induced oestrus was longer (P < 0.05) in the rainy season (44.5 h), 

compared to that of the dry season (38.7 %; Table 4.14). Duration of oestrus was longer (P < 

0.05) in the FGA-45 mg does (42.6 h), compared to the FGA-30 mg does (34.9 h) in the dry 

season. 
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Table 4.14: Duration of oestrus in Red Sokoto does exposed to bucks and treated with polyurethane sponges impregnated with 

different doses of FGA in the dry and rainy seasons 

       

Dry Season      Rainy Season 

 

 

Treatment groups     n Duration of oestrus (h)    n Duration of oestrus  

       

 
 

Exposure and progestagens 

Buck exposure + FGA-30 mg   18 32.2 ± 4.1
a*

                    21 44.2 ± 0.9
a# 

         

 Buck exposure + FGA-45 mg  20 41.4 ± 3.8
a,b*

     27 43.5 ± 0.8
a*

 

No exposure + FGA-30 mg   11 37.6 ± 3.7
a,b*

         20 42.2 ± 0.8
a*

 

No exposure + FGA-45 mg   10 43.7 ± 4.6
a*

     23 48.1 ± 0.6
a*

 

  

Exposure  

Buck exposure (pooled)   38 36.8 ± 3.9
a*

      48  43.9 ± 0.9
a*

  

No exposure (pooled)   21 40.7 ± 4.2
a*

     43  45.2 ± 0.7
a*

  

 

Progestagen 

FGA-30 mg treatments (pooled)  29 34.9 ± 3.9
a*

      41  43.2 ± 0.9
a*

  

FGA-45 mg treatments (pooled)  30 42.6 ± 4.2
a*

      50  45.8 ± 0.7
a*

  

 

Duration of oestrus (pooled)   59 38.7 ± 4.1
*
     91  44.5 ± 0.8

*
 

 
       a,b 

Data (Mean ± SEM) in columns with different superscript letter are significantly (P < 0.05) different  
       *,# 

Data (Mean ± SEM) in rows across seasons with different superscripts are significantly (P<0.05) different  

      FGA = Flurogestone acetate
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4.15 Mounts per oestrus period of Red Sokoto does treated with buck exposure and 

fluorogestone acetate in the dry and rainy seasons 

The mounts per oestrus period of Red Sokoto does treated with fluorogestone acetate and 

exposure to buck are shown in Table 4.15 Averagely, higher (P < 0.05) mounts per oestrus 

period was observed in FGA-treated does exposed to bucks compared to does not exposed to 

bucks in the dry and rainy seasons (Table 4.15).  The BEF3 does exhibited higher (P < 0.05) 

mounts per oestrus period in the rainy season than dry season. However, dose of FGA did 

not significantly influence number of mounts per oestrus period in the dry and rainy seasons. 

Lowest number of mounts per oestrus period was recorded in the F4 does in the dry season 

(Table 4.15).  
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Table 4.15: Mounts per oestrus period of Red Sokoto does exposed to bucks and treated with polyurethane sponges impregnated with 

different doses of FGA in the dry and rainy seasons 

         

Dry Season      Rainy Season 

 

 

      Treatment groups     n Mounts per oestrus period     n Mounts per oestrus period   

     

 
 

      Exposure and progestagens 

  Buck exposure + FGA-30 mg   25 6.3 ± 0.3
a*

                  19 7.1 ± 0.3
a,b,e*

      

    Buck exposure + FGA-45 mg  24 7.0 ± 0.4
a*

     20  7.4 ± 0.2
a,d,e*

 

   No exposure + FGA-30 mg   13 3.8 ± 0.3
b,d*

      14 5.9 ± 0.5
b,c,d,f#

 

   No exposure + FGA-45 mg   8 2.8 ± 0.3
b,c,e*

     6 6.2 ± 0.5
e,f#

 

  

     Exposure  

Buck exposure (pooled)   49 6.7 ± 0.4
a*

     39 7.3 ± 0.3
a#

 

  No exposure (pooled)   21 3.3 ± 0.3
b*

     20 6.1 ± 0.5
b#

 

 

     Progestagen 

  FGA-30 mg treatments (pooled)  37 5.1 ± 0.3
a*

     34 6.5 ± 0.4
a#

 

  FGA-45 mg treatments (pooled)  33 4.9 ± 0.4
b*

     25 6.8 ± 0.4
b# 

 

      Mounts per oestrus period (pooled) 96 5.0 ± 0.4
*
     84 6.7 ± 0.4

#
 

 
       a,b,c,d,e,f 

Data (Mean ± SEM) in columns with different superscript letters are significantly (P < 0.05) different  
        *,# 

Data (Mean ± SEM) in rows across seasons with different superscripts are significantly (P<0.05) different  

     FGA = Flurogestone acetate
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4.16 Conception, pregnancy and kidding rates of Red Sokoto does treated with buck 

exposure and fluorogestone acetate in the dry and rainy season 

 

The conception, pregnancy and kidding rates of Red Sokoto does treated with fluorogestone 

acetate and exposure to bucks in the dry and rainy season are shown in Table 4.16. 

Conception rates were similar between treatments during the dry season; although 

pregnancy rates were higher in the BEF3 and BEF4, compared to the F3 and F4 does. Dose 

of FGA did not considerably influence conception rates in the dry season. However, F4 does 

had a conception rate of 94 %, which was higher than 82 % obtained in the rainy season. 

Overall, conception rates were higher in the dry season than in the rainy season (Table 4.16). 

On the contrary, pregnancy rates were higher in the rainy season than in the dry season 

(Table 4.16).  
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Table 4.16: Conception, pregnancy and kidding rates of Red Sokoto does exposed to bucks and treated with polyurethane sponges 

impregnated with different doses of   FGA in the dry and rainy seasons 

 

         

    Dry Season      Rainy Season 

  
     Treatment groups   Does Does  CR         PR     KR         Does Does  CR    PR KR  

    treated bred      treated bred  

n n n (%)  % %  n n n (%)  % % 

  
 
 

Exposure and progestagens 

     Buck exposure + FGA-30 mg 28 18 18 (100)   64.3       100    30 21 19 (90.5) 63.3 50.0  

     Buck exposure + FGA-45 mg 28 20 19 (95.0) 67.9 96.0   30 27  27 (100)  90.0 54.0 

     No exposure + FGA-30 mg  20 11 11 (100.0) 55.0 77.0  30 20 15 (75.0) 50.0 100 

     No exposure + FGA-45 mg 20 10 10 (100.0) 50.0 62.0  30 23 20 (86.9) 66.7 83.0 

  

Exposure  

     Buck exposure (pooled) 56 38 37 (97.4) 66.1 88.0  60 48 46 (95.8) 76.7 52.0  

     No exposure (pooled)  40 21 21 (100.0) 52.5 70.0  60 43 35 (81.4) 58.3 100 

 

Progestagen 

     FGA-30 mg treatments (pooled) 48 29 29 (100.0) 60.4 87.0   60 41 34 (82.9) 56.7 92.0 

     FGA-45 mg treatments (pooled) 48 30 29 (96.7) 60.4 71.0  60 50 47 (94.0) 78.3 67.0 

 

Total (pooled)   96 59 58 (98.3) 60.4 79.0  120 91 81 (89.0) 67.5 79.0 

 

CR = Conception rate  PR = Pregnancy rate  KR = Kidding rate  % = Percentage  n = Number 

FGA = Flurogestone acetate 
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4.17 Oestrus response of Sahel does treated with progestagens and buck exposure in 

the dry and rainy seasons 

The oestrus responses of SH does following different treatments in the dry and rainy seasons 

are shown in Table 4.17. Oestrus responses did not differ significantly between similar 

treatments in the dry and rainy season, except in the BEF3 does (83.3 % versus 63.3 %). 

Oestrus response was higher in the buck exposure (BEF3, BEF4), compared to the no-buck 

exposure does (F3, F4) in both the dry and rainy seasons. Furthermore, oestrus response was 

higher (P < 0.05) in the BEF4 does compared to the BEF3 does irrespective of the season 

(Table 4.17). Cumulative oestrus response for the BEF3 and BEF4 does was higher 

compared to the F3 and F4 does both the dry and rainy seasons (Figure 4.7). In this study, 

average oestrus occurrence was higher in the morning (08:00-10:00 h) than in the evening 

(16:00-18:00 h) in the dry and rainy seasons (Figure 4.7).  
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Table 4.17: Oestrus response of Sahel does exposed to bucks and treated with polyurethane sponges impregnated with different doses 

of FGA in the dry and rainy seasons 

 

 

          

       Dry Season     Rainy Season 

 

Treatment groups    n Does in oestrus (%)   n Does in oestrus (%) 

 

Exposure and progestagens 

     I (Buck exposure + FGA-30 mg)  24 20 (83.3)    30 19 (63.3) 

                  II (Buck exposure + FGA-45 mg)   24 17 (70.8)    30 23 (76.7) 

     III (No buck exposure + FGA-30 mg)  22 13 (59.1)        30 16 (53.366.7)    

     IV (No buck exposure + FGA-45 mg)  22 11 (50.0)    30 17 (56.7) 

     

  

Exposure   

     Buck exposure (pooled)   48 37 (77.1)    60 42 (70.0) 

     No exposure (pooled)   48 24 (50.0)    60 33 (55.0) 

 

Progestagen 

     FGA-30 mg treatments (pooled)  56 30 (53.6)    60 35 (58.3) 

     FGA-45 mg treatments (pooled)  40 31 (77.5)    60 40 (66.7) 

 

Oestrus response (pooled)   92 61 (66.3)    120 75 (62.5) 

 
n = number of does treated  FGA = Fluorogestone acetate
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Figure 4.7: Accumulated frequency of oestrus observed over 19 days in Sahel does treated with fluorogestone acetate and buck exposure 

ABEF3 = Buck exposure + FGA-30 treatment     NBEF3 = No buck exposure + FGA-30 mg   DS = Dry season             

ABEF4 = Buck exposure + FGA-45 mg   NBEF4 = No exposure + FGA-45      RS = Rainy season 
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Figure 4.8: Period of oestrus occurrence observed over a 19-day period in Sahel does treated with progestagens and buck exposure in 

the dry and rainy season.  
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4.18 Interval to onset of oestrus of Sahel does treated with different doses of 

fluorogestone acetate and buck exposure in the dry and rainy season 

The interval to onset of oestrus of Sahel does treated with FGA and exposed to buck are 

shown in Table 4.18. A longer (P < 0.05) interval to oestrus was observed in the F3 and F4 

does compared to the BEF3 and BEF4 does in the dry and rainy seasons (Table 4.18). The 

BEF3 does were in oestrus at 36.5 h in the dry season, significantly (P < 0.05) shorter than 

the 45.8 h observed in the F3 does. Similarly, the BEF3 does were in oestrus at 31.7 h in the 

rainy season, significantly (P <0.05) shorter than the 42.2 h observed in the F3 does in the 

rainy season. Dose of FGA did not significantly affect time to onset of oestrus in the dry 

(41.2 versus 39.9 h) and rainy (36.9 versus 33.9 h) seasons, respectively. Generally, time to 

onset of oestrus was shorter in the rainy (35.4 h) than in the dry (40.5 h) season (Table 4.18).  
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Table 4.18: Interval to onset of oestrus in Sahel does exposed to bucks and treated with polyurethane sponges impregnated with different doses of   

FGA in the dry and rainy season 

         

      Dry Season       Rainy Season  

 

Treatment groups    n Time to onset of oestrus (h)   n Time to onset of oestrus (h) 

       
 

Exposure and progestagens 

     Buck exposure + FGA-30 mg 20 36.5 ± 4.9
a,b,c*

                    19 31.7 ± 3.5
a,b,c*

         

     Buck exposure + FGA- 45 mg 17 38.0 ± 3.4
a,d,e*

     23 29.4 ± 1.7
a,d,e*

 

     No exposure + FGA-30 mg   13 45.8 ± 6.2
b,d,f*

        16 42.2 ± 2.9
b,d,f*

 

     No exposure + FGA-45 mg   11 41.7 ± 5.7
c,e,f*

     17 38.4 ± 1.9
c,e,f*

 

  
 

Exposure  

     Buck exposure (pooled)  37 37.3 ± 4.2
a*

     42 30.6 ± 2.6
a*

 

     No exposure (pooled)  24 43.8 ± 5.9
a*

     33 40.3 ± 2.4
b*

 

 
 

Progestagen 

     FGA-30 mg treatments (pooled) 30 41.2 ± 5.6
a*

     35 36.9 ± 3.2
a*

 

     FGA-45 mg treatments (pooled) 31 39.9 ± 4.6
a*

     40 33.9 ± 1.8
a*

 

 

Time to onset of oestrus (pooled) 61 40.5 ± 5.1
*
     75 35.4 ± 2.5

*
 

 
       a,b,c,d,e,f 

Data (Mean ± SEM) in columns with different superscript letters are significantly (P < 0.05) different  
        *,# 

Data (Mean ± SEM) in rows across seasons with different superscripts are significantly (P < 0.05) different  

     FGA = Fluorogestone acetate     
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4.19 Duration of oestrus of Sahel does treated with different doses of fluorogestone 

acetate and buck exposure in the dry and rainy season 

  

The duration of oestrus of Sahel does treated with fluorgestone acetate and buck exposure in 

the dry and rainy season are shown in Table 4.19. No difference (P < 0.05) in duration of 

oestrus was observed in does treated with FGA with or without exposure to bucks. Duration 

of oestrus in the BEF3 does was 47.1 h, significantly (P < 0.05) longer than that of the F3 

does (33.5 h) in the dry season. Longer duration of induced oestrus was also observed in the 

buck-exposed does (36.2 h), compared to the non-exposed does (29.5 h) in the dry season. 

Overall, duration of oestrus was longer (P < 0.05) in the rainy (37.8 h) than the dry (32.9 h) 

season (Table 4.19).  
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Table 4.19: Duration of oestrus in Sahel does exposed to bucks and treated with polyurethane sponges impregnated with different 

doses of   FGA in the dry and rainy season 

 

         

       Dry Season       Rainy Season 

 

Treatment groups     n Duration of oestrus (h)    n Duration of oestrus (h) 

       

 
 

Exposure and progestagens 

                        Buck exposure + FGA-30 mg  20 47.1 ± 0.5
a*

                    19 30.2 ± 0.6
a# 

        

                        Buck exposure + FGA-45 mg  17 25.2 ± 1.0
b,c*

     23 47.1 ± 4.9
b,c#

 

           No exposure + FGA-30 mg   13 33.5 ± 0.9
b,c,d* 

        16 31.1 ± 2.4
a,d*

 

           No exposure + FGA-45 mg  11 25.5 ± 0.7
b,c,e*

     17 42.8 ± 5.2
a,c,d#

 

  
 

Exposure  

          Buck exposure (pooled)   37 36.2 ± 0.8
a*

     42 38.7 ± 2.8
a*

 

          No exposure (pooled)   24 29.5 ± 0.8
a*

     33 36.9 ± 3.8
a*

 

 
 

Progestagen 

          FGA-30 mg treatments (pooled)  30 40.3 ± 0.7
a*

     35 30.7 ± 1.5
a*

 

          FGA-45 mg treatments (pooled)  31 25.4 ± 0.9
b*

     40 44.9 ± 5.1
b#

 

 

Duration of oestrus (pooled)   61 32.9 ± 0.8
*
     75 37.8 ± 3.3

*
 

 
 

       a,b,c,d 
Data (Mean ± SEM) in columns with different superscript letters are significantly (P < 0.05) different  

       *,# 
Data (Mean ± SEM) in rows across seasons with different superscripts are significantly (P<0.05) different  

     FGA = Fluorogestone acetate  
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4.20 Mounts per oestrus period of Sahel does treated with fluorogestone acetate and 

buck exposure in the dry and rainy season 

The mounts per oestrus period of Sahel does treated with fluorogestone acetate and exposure 

to buck are shown in Table 4.20. Averagely, higher (P < 0.05) mounts per oestrus period 

was observed in buck-exposed does, compared to the non-exposed does in the dry season 

(Table 4.20).  The BEF3 does had higher than the F3 does in the dry (P < 0.05) and rainy 

season mounts per oestrus period. Mounts per oestrus period increased with dose of 

fluorogestone acetate, being higher in the FGA-45 mg compared to the FGA-30 mg does. 

Apparently, lowest number of mounts per oestrus period was recorded in the F4 does in the 

dry (4.3) and rainy (5.1) seasons (Table 4.20).  
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Table 4.20: Mounts per oestrus period of Sahel does exposed to bucks and treated with polyurethane sponges impregnated with 

different doses of   FGA in the dry and rainy season 

 

         

      Dry Season      Rainy Season 

 

Treatment groups    n Mounts per oestrus period    n Mounts per oestrus period  

      

  
 

Exposure and progestagens 

        Buck exposure + FGA-30 mg 20 9.1 ± 0.5
a* 

                 19 6.9 ± 0.4
a,c# 

     

        Buck exposure + FGA-45 mg 17 8.2 ± 0.4
a,e*

     23  6.5 ± 0.4
a,d,e*

 

        No exposure + FGA-30 mg  13 4.3 ± 0.4
b,d,f*

      16 5.1 ± 0.3
b,d,f*

 

        No exposure + FGA-45 mg   11 6.5 ± 0.4
c,e,f*

     17 6.3 ± 0.2
c,e,f*

 
  

 

Exposure  

        Buck exposure (pooled)  37 8.7 ± 0.5
a*

     42 6.7 ± 0.4
a#

 

        No exposure (pooled)  24 5.4 ± 0.4
b*

     33 5.7 ± 0.3
b*

 

 

 

Progestagen 

        FGA-30 mg treatments (pooled) 30 6.7 ± 0.5
a*

     35 6.0 ± 0.4
a*

 

        FGA-45 mg treatments (pooled) 31 7.4 ± 0.4
a*

     40 6.4 ± 0.3
a# 

 

Mounts per oestrus period (pooled) 61 7.0 ± 1.3*     75 6.2 ± 0.3
#
 

 
 

        a,b,c,d,e,f 
Data (Mean ± SEM) in columns with different superscripts letter are significantly (P < 0.05) different  

        *,# 
Data (Mean ± SEM) in rows across seasons with different superscripts are significantly (P<0.05) different  

 FGA = Fluorogestone acetate  
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4.21 Conception, pregnancy and kidding rates of Sahel does treated with 

fluorogestone acetate and buck exposure in the dry and rainy season 

 

The conception, pregnancy and kidding rates of Sahel does treated with polyurethane 

pessaries impregnated with different doses of fluorogestone acetate and exposure to bucks in 

the dry and rainy seasons are shown Table 4.21. Conception rates did not differ (P < 0.05) 

between treatments during the dry season; although pregnancy rates were higher in the buck 

exposed does (BEF3 and BEF4), compared to the non-exposed does (F3 and F4). Dose of 

FGA did not significantly influence conception rates in the dry and rainy seasons. However, 

FGA-45 mg does had an overall conception rate of 87.9 % compared to the 72.9 %, 

observed in the FGA-30 mg does in the dry season. Overall, conception rate was lower (P < 

0.05) in the dry compared to rainy season (Table 4.21). On the contrary, pregnancy rates 

were higher (P < 0.05) in the dry than rainy season (Table 4.21).  
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Table 4.21: Conception, pregnancy and kidding rates of Sahel does exposed to bucks and treated with polyurethane sponges 

impregnated with different doses of   FGA in the dry and rainy season 

 

         

      Dry Season          Rainy Season 

  

Treatment groups    Does  Does CR  PR KR    Does    Does CR  PR KR  

     treated bred n (%)  % %    treated   bred n (%)  % % 

 
 

Exposure and progestagens 

        Buck exposure + FGA-30 mg  24 20 18 (90.0) 75.0 100    30  19 15 (78.9) 50.0 89.5 

        Buck exposure + FGA-45 mg  24 17 17 (100.0) 70.8 88.2    30  23  22 (95.7) 73.3 65.2 

        No exposure + FGA-30 mg   22 13 11 (84.6) 50.0 146.2    30  16 12 (75.0) 40.0 81.3 

        No exposure + FGA-45 mg  22 11 11 (100.0) 50.0 172.7    30  17 15 (88.2) 50.0 82.4 

  
 

Exposure  

        Buck exposure (pooled)  48 37 41 (83.7) 85.4 94.6    60  42 38 (97.4) 63.3 76.2 

        No exposure (pooled)   44 24 15 (71.4) 34.0 158.3    60  33 17 (85.0) 28.3 88.8 

 

Progestagen 

        FGA-30 mg treatments (pooled) 46 30 27 (72.9) 58.7 96.7     60  35 31 (91.2) 51.7 85.7 

        FGA-45 mg treatments (pooled) 46 31 29 (87.9) 63.0 109.7    60  40 24 (96.0) 40.0 72.5 

 

Total (pooled)    92 61 56 (80.0) 60.9 126.8    120  75 55 (93.2) 45.8 79.6 

 

               CR = Conception rate  PR = Pregnancy rate  KR = Kidding rate  % = Percentage  n = Number 

  FGA = Fluorogestone acetate  
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4.22 Serum progesterone levels in Red Sokoto does treated with different 

progestagens with or without continuous exposure to bucks 

The serum P4 levels of exposed and non-exposed Red Sokoto does treated with different 

ptogestagens are shown in Figure 4.9. Mean serum progesterone levels of does treated with 

CIDR was greater than 3 ng/mL by day 4 with no difference between exposed and non-

exposed does (4.59 ± 2.9 ng/mL vs. 3.26 0.07 ng/mL), respectively. Mean levels of serum P4 

was greater than 1.31 ng/mL on day 7 in Red Sokoto does treated with FGA-30 and exposed 

to buck effect. Mean progesterrone levels of 0.33 ng/mL was observed on the day of oestrus 

after CIDR removal (Figure 4.9).  
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Figure 4.9: Mean progesterone concentrations of Red Sokoto does during treatment with progestagens (CIDR, FGA-30 mg and FGA-

45 mg) with or without buck exposure.  

BECD = Buck exposure + CIDR        CD = CIDR            BEF3 = Buck exposure + FGA-30     

F3 = FGA-30        BEF4 = Buc k exposure + FGA-45      F4 = FGA-45    
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4.23 Serum progesterone levels in Sahel does treated with different progestagens 

with or without limited exposure to bucks 

The serum progesterone levels of the exposed and non-exposed Sahel does treated with 

different progestagens are shown in Figure 4.10. Mean serum progesterone was to 3.15 

ng/ml by day 4 in does treated with CIDR without buck exposure. Mean level of serum 

progesterone was 4.03 ng/mL on day 11 of BECD treatment. Progesterone concentration 

decreased to its lowest level on day 14 (final day of treatment) with a mean level of 2.99 

ng/mL (Figure 4.10).  
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Figure 4.10: Mean progesterone concentrations of Sahel does during treatment with progestagens (CIDR, FGA-30 mg and FGA-45 

mg) with or without limited buck exposure. 

BECD = Buck exposure + CIDR        CD = No buck exposure + CIDR          BEF3 = Buck exposure + FGA-30 

F3 = No buck exposure + FGA-30     BEF4 = Buck exposure + FGA-45       F4 = No exposure + FGA-45     

Day 
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CHAPTER FIVE 

 

5.0     DISCUSSION 

 

The results of the present study showed that buck effect was capable of inducing oestrus in 

Red Sokoto and Sahel does during the dry and rainy season; therefore, biostimulation may 

be exploited for increased productivity of RS and SH goats. The results of the present study 

indicate that continuous exposure of does to aproned bucks (biostimulation) during 

progesterone treatment enhanced oestrus response, increased frequency of oestrus 

occurrence and conception rates. This corroborates the findings of Mellado et al. (2000), 

Pellicer-Rubio et al. (2008) and Ungerfeld (2011), who showed that higher oestrus response 

and conception rates occurred when does were teased during progestagen or prostaglandin 

treatments. Consequently, the adoption of a proposed progestagen plus buck effect 

combination protocol (BuckProg Synch) for oestrus synchronisation of does is an effective 

alternative to the traditional progestagen plus eCG and single dose prostaglandin treatment 

previously reported (Kawu, 2011; Omontese et al., 2013a, b). The results of the present 

study agrees with the report of Avdi et al. (2004), who reported higher oestrus response in 

does exposed to bucks at different breeding periods of the year. Overall, the higher oestrus 

response observed in Sahel does in the rainy compared to the dry season breeding disagrees 

with the findings of Lehloenya et al. (2008), who reported similar oestrus response 

following hormonal stimulation in Boer goats during different seasons. The duration of 

teasing used in this study was sufficient to induce significant oestrus behaviour in Sahel 

does in the rainy season. This corroborates the findings of Mellado et al. (2000), who 

reported similar response in does treated with male exposure 24 and 48 hours before the end 



 

 

124 
 

of hormone treatments. This further suggests that duration of exposure of does to bucks 

during progestagen treatment does not reduce the response of does to the male effect (Veliz 

et al., 2006, 2009).  

 

The results of this study agree with previous reports that season, body condition and 

nutrition play a significant role in livestock reproduction (Rekwot et al., 2000a; De 

Santiago-Miramontes et al., 2009; Fitz-Rodríguez et al., 2009). The efficacy of response to 

the male effect is known to be influenced by variations in the quality of the stimulus 

provided by the male and variation in female responsiveness. The continuous or limited 

presence of buck during progestagen treatment allowed the aproned buck to exhibit many 

sexual behaviour such as vocalisation, tongue lapping, fore-leg striking and positive mount. 

Olfactory, visual, auditory, tactile stimuli and stage of oestrus cycle may also influence the 

response of the does to the male effect (Gonzalez-Bulnes et al., 2006; Fitz-Rodrıguez et al., 

2009).  

 

The observations in this study in favour of progestagen treatment plus teasing also agree 

with the finding of Mellado et al. (2000), who reported that a greater percentage of does 

were in oestrus in the buck-exposed group than the non-exposed group (91.6 % and 66.6 %, 

respectively). It has been suggested that buck-doe interaction influences reproductive 

activity through olfactory cues or pheromones (Jansen van Vuuren et al., 2004; Chemineau 

et al., 2006; Delgadillo et al., 2009). Teasing in the present study increased the 

responsiveness of does to OS through stimulation of greater LH pulse frequency, leading to 

a greater behavioural oestrus expression in sheep (Ungerfeld et al., 2003), goats (Pellicer-
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Rubio et al., 2007) and cattle (Reolofs et al., 2008). Dose of fluorogestone acetate 

influenced oestrus response in Red Sokoto does in this study. This disagrees with the 

findings of Simonetti et al. (2000) and Greyling and van der Nest (2000), who reported that 

dose of fluorogestone acetate did not influence oestrus response rates in Merino ewes and 

Boer does, respectively. The findings also disagree with the report of Omontese et al. 

(2013b) and Oyeyemi et al. (2012), who reported that oestrus response did not differ in Red 

Sokoto and West African Dwarf does treated with different intravaginal pessaries, 

containing different doses of exogenous hormones. Several studies have reported the 

influence of nutrition in reproduction (Tanaka et al., 2004; Endo and Tanaka, 2015). The 

improved feeding during the rainy season resulted in higher body weight and body condition 

of does in this study.  

 

Overall, oestrus interval after withdrawal of intravaginal progestins was shorter in the dry 

than the rainy season. This result supports the findings of Kawu (2011), who reported that 

interval to oestrus response was shorter in the dry season than in the rainy season. The 

present findings fell within the range reported for other breeds (Boer, Shami, Sahel) of goats 

(Romano, 2001; Keskin, 2003; Omontese et al., 2012), but was lower than that reported for 

the WAD goat (Oyeyemi et al., 2012) and higher than that reported for Boer does 

(Lehloenya et al., 2008).  Dose of FGA did not influence interval to oestrus onset in this 

study and comparable oestrus intervals were observed in the dry and rainy season in this 

study. This finding agrees with the result of Greyling and van der Nest (2000) and Simonetti 

et al. (2000), who reported that dose of FGA did not influence time to onset of oestrus. 
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Omontese et al. (2012) also reported that, different does of FGA did not affect onset of 

oestrus in the Sahel breed of goats.  

 

The shorter time interval to oestrus onset observed in Red Sokoto does in the dry season 

after progesterone priming and teasing in this study disagrees with the findings of Ekiz et al. 

(2013) in Kivircik ewes exposed to rams during progestagen treatment. However, the results 

of this study corroborates the findings of Romano et al. (2000a) and Evans et al. (2004) in 

sheep and, Mellado et al. (2000) and Romano et al. (2001) in goats, who showed that that 

teasing during progestagen treatment hastened oestrus onset after pessaries withdrawal. 

Earlier oestrus onset observed in this study may be attributed to high oestrogen levels, 

produced as a result of hormonal treatment in combination with biostimulation. The average 

interval to onset of oestrus of does treated with progestagens with or without exposure to 

bucks was 29 hours and was within the range reported for other goat breeds (Mellado et al., 

2000; Dogan et al., 2004; Romano, 2004; Omontese et al., 2012). The longer time interval 

to oestrus onset observed in Sahel does in the dry season after progesterone priming and 

teasing in this study agrees with the findings of Ekiz et al. (2013) in Kivircik ewes exposed 

to rams during progestagen treatment. Interval to oestrus onset after treatments ranged from 

23 h to 46 h in this study. This finding was similar to the ranges reported for other breeds of 

goats (Greyling and van der Nest, 2000; Mellado et al., 2000; Abu et al., 2008; Omontese et 

al., 2010; Oyeyemi et al., 2012). Buck exposure also reduced the interval to onset of oestrus 

in the dry season. This finding corroborates the result of Romano (2001), who reported that 

teasing during progestagen treatment shortened interval to oestrus occurrence. Similarly, the 

above findings are in agreement with the work of Keskin (2003), who reported that buck 
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exposure advanced expression of behavioural oestrus in Shami breed of goats following 

progestin treatment. 

 

The mean oestrus duration observed in this study is similar to that reported by Omontese et 

al. (2013a, b, c, d), who obtained a range of 23 – 33 h in Red Sokoto does. The mean 

duration of induced oestrus period in buck-exposed does was shorter in the rainy season than 

dry season. This may be attributed to low oestrogen levels, resulting from low stimulation 

during the rainy season. In this study, teasing during progestagen treatment increased the 

duration of oestrus in both the rainy and dry seasons. This finding disagrees with the report 

of Romano and Fernandez Abella (1997), who obtained shorter oestrus duration in dairy 

does exposed to different mating stimuli. The duration of induced oestrus period in the buck-

exposed does was longer in the rainy season than during the dry season. This might be 

attributed to higher oestrogen levels, resulting from increased stimulation during the rainy 

season. In this study, teasing during progestagen treatment did not influence the duration of 

oestrus in both the rainy and dry seasons. Factors that influence duration of induced oestrus 

after progesterone priming include teasing, type and frequency of mating stimuli (Romano, 

2004).  

 

It was observed from this study that the buck exposed does had shorter duration of oestrus, 

although, comparable to the non-exposed does. This result is similar to the findings of 

Romano (1994a), who reported shorter oestrus duration in does teased during progestagen 

treatment. On the other hand, oestrus duration was higher with increasing FGA dose, 

especially in the dry season. It appears that better nutritional status during rainy season 
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influenced the duration of oestrus in FGA-30 treated does. Overall, oestrus duration was 

longer in the rainy season compared to the dry season. The result corroborates the finding of 

Kawu (2011) in RS does in the same zone. Therefore, season rather than buck exposure and 

dose of FGA influences oestrus duration in does. The observation of the present study also 

agrees with the report of Romano and Fernandez Abella (1997) that stated that mating 

stimuli shortened oestrus duration. On the other hand, oestrus duration was higher with 

increased FGA dose, especially in the dry season. It appears that better nutritional status 

during rainy season influenced the duration of oestrus in FGA-30 treated does. Overall, 

oestrus duration was longer in the rainy season compared to that of the dry season. This 

finding corroborates the result obtained by Kawu (2011) in RS does. Therefore, season, 

rather than buck exposure, and dose of FGA, may influence oestrus duration in Red Sokoto 

and Sahel does. 

 

The higher number of mounts per oestrus period in the does treated with CIDR and exposed 

to bucks compared to the non-exposed does in the dry and rainy season. This suggests that 

teasing influences oestrus behaviour by modifying and elevating gonadotrophin pulses, 

leading to stronger oestrus exhibition in does. This mechanism is hypothesized to be 

mediated by pheromones exerting their effects through olfactory or accessory olfactory 

pathways (Rekwot et al., 2001; Delgadillio et al., 2006, 2009). The result of the present 

study revealed that season influenced the number of mounts per oestrus period, as the rainy 

season favoured higher oestrus activity than the dry season. This may be connected with the 

improved nutrition, body condition and body weights observed during the rainy season 

breeding. The overall mounts per oestrus period reported for does in the dry season in this 
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study is similar to the findings of Omontese et al. (2013c,d) in RS goats. Importantly, 

teasing significantly resulted in higher oestrus response in the dry season. This suggests that 

exposure of does to bucks increased GnRH/LH pulses, resulting in greater follicular activity 

and may translate to greater overt oestrus expression in does. It is also evident from this 

study that dose of FGA did not influence the number of mounts per oestrus period. This 

study revealed that season influenced the number of mounts per oestrus period, as the rainy 

season favoured higher oestrus activity than the dry season. This may be connected with the 

improved nutrition, body condition and body weights, observed during the rainy season. The 

overall mounts per oestrus period reported for does in the dry season in this study is similar 

to the findings of Omontese et al. (2013c) in the same breed of goats. Importantly, teasing 

significantly resulted in higher oestrus response in the dry season. The result of the present 

study suggests that exposure of does to bucks increased GnRH/LH pulses, which results in 

greater follicular activity and may translate to greater overt oestrus-expression in does. It is 

also evident from this study that dose of FGA did not influence the number of mounts per 

oestrus period.  

 

 

In this study, overall conception and kidding rates were higher in the rainy season than dry 

season, possibly due to the improved nutritional status of does, grazing improved sown 

pastures characteristic of the rainy season, as has been reported by several workers (De 

Santiago-Miramontes et al., 2008, 2009; Fitz-Rodríguez et al., 2009) and reduce embryonic 

mortality (Mani et al., 1992) during OS in goats. Other factors (environmental conditions, 

management, treatments, stress, and disease) may play a role in conception and kidding 

rates. Although the rainy season breeding did not significantly favour better oestrus response 
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in this study, conception rates were higher in the rainy than dry season. Lower conception 

rates were observed in does treated with intravaginal progestagen (CIDR) over those without 

CIDR treatment in the dry and rainy seasons. This corroborates the findings of other 

researchers (Agarwal and Allamaneni, 2004; Dobson et al., 2012), who reported that fertility 

at synchronised oestrus is lower than that observed at natural oestrus. This may be attributed 

to the negative influence of oxidative stress and intravaginal pessaries on vaginal bacterial 

flora resulting in altered sperm transport in the reproductive tract and resulting fertility 

(Agarwal and Allamaneni, 2004; Dobson et al., 2012). However, the result disagrees with 

the finding of Manes et al. (2010), who did not observe any influence of different 

intravaginal pessaries on subsequent fertility in ewes.  

 

 

The male effect did not influence overall kidding rates and litter size irrespective of season 

and this corroborates the findings of Keskin (2003) in Shami goats following oestrus 

synchronisation with exogenous hormones and buck effect. This suggests the inability of the 

male stimulus to cause super-ovulatory response in the does as observed when FSH and 

eCG are combined with progestin treatments. Although the rainy season breeding did not 

significantly favour better oestrus response in this study, conception rates were higher in the 

rainy than in the dry season. Lower conception rates were observed in does treated with 

intravaginal progestagen (CIDR) over those without CIDR treatment in the dry and rainy 

seasons. This corroborates the findings of other researchers (Gonzalez-Bulnes et al., 2005; 

Dobson et al., 2012) who reported that fertility at synchronised oestrus is lower than that 

observed at natural oestrus. This may be attributed to the negative influence of oxidative 

stress and intravaginal pessaries on vaginal bacterial flora, resulting in altered sperm 
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transport in the reproductive tract and, consequently, fertility (Agarwal and Allamaneni, 

2004; Dobson et al., 2012). The male effect did not influence overall kidding rates and litter 

size, irrespective of season of breeding in this study. This corroborates the finding of Keskin 

(2003) in Shami goats following oestrus synchronisation with exogenous hormones and 

buck effect. This suggests the inability of the male stimulus to cause super-ovulatory 

response in the does as observed when FSH and eCG are combined with progestin 

treatments. Neither buck exposure nor dose of FGA influenced kidding rates of Red Sokoto 

does in the dry season. However, elevated conception and pregnancy rates were observed in 

the rainy season. This is in agreement with the finding of Taiwo et al. (2005) who reported 

that higher body condition score as observed in the rainy season, resulting in enhanced 

reproductive performance of Red Sokoto does. Silva et al. (2011) reported significantly 

higher pregnancy, prolificacy and twinning rates in goats with body condition of 2.7, 

compared to does with body condition of 2.0. This finding was attributed to the greater body 

reserves in does with higher body condition. However, the result disagrees with the findings 

of Kusina et al. (2000), who found no difference in the reproductive responses in Mashona 

goat does, maintained on pasture with low body condition. Studies have described the 

importance of nutritional supplementation on improved conception rates (De Santiago-

Miramontes et al., 2008, 2009; Fitz-Rodríguez et al., 2009) and reduced embryonic 

mortality (Mani et al., 1992) after OS. Other factors including environmental conditions, 

management, treatments, stress, and disease may play a role in conception and kidding rates 

(Paulo et al., 2005; Rondina and Galeati, 2010). Although the rainy season breeding 

favoured better oestrus response in this study, conception rates were similar in the rainy and 
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dry seasons. The male effect did not influence overall kidding rates irrespective of season of 

breeding in this study.  

 

The result of the present study showed the elevated progesterone levels were observed from 

progestagen pre-insertion levels to > 3 ng/ml on day 4 of CIDR treatments. From day 4, P4 

levels declined to about 1 ng/ml. The result conformed to those of earlier findings following 

insertion of intravaginal progestagens in sheep and goats (Ainsworth and Downey, 1986; Ali 

et al., 2009). Ali et al. (2009) reported higher mean progestagen levels of 4 ng/ml by day 6 

following progestin insertion. In another study with WAD goats, the mean progesterone 

concentration was < 1ng/ml by day 7 of prostaglandin administration. In this study, P4 levels 

did not differ significantly between the buck-exposed and non-buck exposed groups. At 

oestrus, mean progesterone levels declined to 0.33 ± 0.01 ng/mL, which was higher than the 

basal P4 concentrations 0.1-0.2 ng/mL reported by Zarkawi (2000) and Gaafar et al. (2005). 

The mean progesterone levels observed at oestrus were similar to that reported by Ali et al. 

(2009) and Kawu et al. (2004) at post-partum period in the same breed of goat. The pattern 

of P4 increase to maximum and then decline was similar to that reported by Hamra et al. 

(1989) who used a 9 % CIDR device and obtained a peak plasma P4 levels of 2.2 ± 0.3 

ng/ml on day four of treatment, with declining levels to 1.4 ± 0.2 ng/ml on day thirteen of 

treatment. Wheaton et al. (1993) observed almost identical results indicating that peak 

plasma progesterone concentrations of 2.4 ng/mL occurred on day four of treatment (Day 0 

characterized by day of CIDR insertion) and declined in a gradual manner until day 13, 

where levels dropped to 1.5 ng/mL. This result was similar to the pattern observed in the 

CIDR-treated Red Sokoto does in this study.  
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The pattern of progesterone increase to maximum followed by a decline in this study is 

similar to that recorded for other goat breeds (Hamra et al., 1989; Wheaton et al., 1993; Ali 

et al., 2009). These researchers observed plasma progesterone levels by day 4 - 6 of 

treatment using CIDR devices, with a decrease in P4 levels to < 0.4 ng/mL on day 12 of 

treatment. Kauser et al. (2005) reported similar findings of peak plasma progesterone 

concentrations during the mid-luteal phase of the oestrus cycle in dwarf goats. Overall, 

serum progesterone concentration decreased from 3.54 ng/ml to 1.01 ng/mL by day 7 and 

remained stable till withdrawal of progestagen (day 14). Generally, in the present study, 

serum P4 levels declined in all groups by day 14 of progestin insertion. Low detectable P4 

levels during oestrus may be due to the fact that ovarian follicles also produce progesterone, 

apart from estrogens (Singh et al., 1999). The peri-ovulatory period in goats is characterized 

with low values of progesterone (below 1ng/mL) and the current results obtained correspond 

with values of other studies (Mori and Kano, 1984; Błaszczyk et al., 2004). Lowest P4 levels 

were observed at day of oestrus, indicating minimal luteal activity. Dose of intravaginal 

progestin did not influence serum progesterone profiles and concentrations. Progeserone 

levels were similar in the buck-exposed and non-exposed Sahel does. 
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CHAPTER SIX 

 

6.0  SUMMARY, CONCLUSION AND RECOMMENDATIONS 

6.1 Summary 

Based on the findings of this study, the following summaries were made; 

1. The continuous presence of a buck during progesterone treatment enhanced oestrus 

response and increased pregnancy rates in Red Sokoto does.  

2. Teasing at the end of progesterone treatment enhanced oestrus response, hastened 

onset of oestrus and increased conception rates in SH does. The dry season favoured 

better kidding rates in SH does exposed to the male effect.  

3. Dose of fluorgestone acetate did not influence oestrus response and overall fertility 

of RS does exposed to the buck effect. The rainy season breeding resulted in higher 

oestrus response; but with, lower conception rates.  

4. The dry season breeding resulted in higher oestrus response but lower conception 

rates in SH does. Dose of fluorgestone acetate did not influence oestrus response and 

overall fertility of Sahel does exposed to the buck effect. 

5. Exposure of RS and SH does to males during progestagen treatments did not 

significantly affect serum P4 levels. However, Buck-exposed RS and SH does had 

relatively higher P4 levels compared to the non-exposed does. 
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6.2 CONCLUSION 

Buck exposure, progestagen treatment and season had a significant impact on oestrus 

behaviour and fertility of Red Sokoto and Sahel goats in the Northern Guinea Savanah zone 

of Nigeria. 
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6.3 RECOMMENDATIONS 

Based on the conclusions of this study, the following recommendations were made: 

1. Oestrus synchronisation programmes in RS and SH does using progestagens should 

be accompanied with exposure to sexually active bucks to improve oestrus response. 

2. In areas with low economy and non-availability of progestagens, buck effect alone 

could be utilized for synchronisation of oestrus in goats. 

3. Any progestagen type may be employed in oestrus synchronisation programmes, 

depending on availability, cost and user preference.  

4. Further studies on the influence of biostimulation and season on circulating LH and 

FSH levels, growth of kids and onset of puberty should be carried out in RS and SH 

goats.   
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APPENDICES 

Appendix I: Distribution of Sahel goats in Nigeria. 

 

Source: Blench, 1999.  
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Appendix II: Distribution of Red Sokoto goats in Nigeria.   

 Source: Blench, 1999. 
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Appendix III: ELISA procedure for determination of serum progesterone 

concentration.   

1. Format the microplate wells for each serum reference calibrator, control and patient 

specimen to be assayed in duplicates. 

2. Pipette 0.025 mL (25 µL) of the appropriate serum reference calibrator, control or 

specimen into the assigned well. 

3. Add 0.050 mL (50 µl) of Progesterone Enzyme Reagent to all wells. 

4. Swirl the microplate gently for 10-20 second to mix. 

5. Add 0.050 mL (50 µl) Progesterone Biotin Reagent to all wells. 

6. Swirl the microplate gently for 10-20 seconds to mix. Cover and incubate for 60 

minutes at room temperature. 

7. Discard the contents of the microplate by decantation or aspiration. If decanting, blot 

the plate dry with absorbent paper. 

8. Add 0.350 mL (350 µL) of wash buffer, decant or aspirate. Repeat two additional 

times for a total of three washes. 

9. Add 0.100 mL (100 µL) of Substrate solution to all wells. Incubate at room 

temperature for twenty minutes. Add 0.050 mL (50 µl) of stop solution to each well 

and gently mix for 15-20 seconds. 

10. Read the absorbance of each well at 450 nm wavelength of 620-630 nm. Record the 

absorbance obtained from the printout of the microtitre reader. 

11. Plot the absorbance for each duplicate serum reference versus the corresponding 

progesterone concentration in ng/ml on linear graph paper. Connect the points with a 

best-fit curve. 

12. To determine the concentration of progesterone for an unknown, locate the average 

absorbance of the duplicates for each unknown on the vertical axis of the graph, find 

the intersecting point on the curve, and read the concentration for the horizontal axis 

of the graph.  


