
 ii 

CERTIFICATION 

I hereby declare that this submission is my own work towards the M. Phil. and that, to the 

best of my knowledge, it contains no material previously published by another person or 

material which has been accepted for the award of any other degree of the University, 

except where the due acknowledgement has been made in the text. 

 

 

REV. EBENEZER YAW BLASU    ….…………..…………           ………..………               

               (20034632) 

                (Student)                                             Signature                                   Date 

 

          Certified by: 

MR. P. K. KARIKARI    ………………..…………                ……………….  

  (Research Supervisor)                                     Signature                                   Date 

 

        Certified by: 

PROF. A. DONKOH  ………………..…………          ………...……… 

(Head of Department)                                      Signature                                    Date 

 

 

 

 

 

 

 

 

 

 

 

 

 



 iii 

TABLE OF CONTENTS 

 

PAGE  

CERTIFICATION … … … … … … … … ii 

TABLE OF CONTENTS … … … … … … … iii 

LIST OF TABLES … … … … … … … …  …       vii 

LIST OF FIGURES … … … … … … …  …       x 

ACKNOWLEDGMENTS … … … … … … …   … xiii  

ABSTRACT … … … … … … … …   …       xv      

                                                                                                        

CHAPTER ONE: INTRODUCTION … … … … … 1  

1.1.0 General Introduction … …. … … … … … 1 

1.2.0 Nutrition, Flushing and Reproduction … … … … … 1                       

1.3.0 The Study Objectives … … … … … … … 2 

 

CHAPTER TWO: LITERATURE REVIEW … … … … 4 

2.1.0 Introduction … … … … … … … … 4 

2.2.0 Prolificacy of the Female Animal…  … … … … … 6 

2.2.1. Definition of Prolificacy … … … … … … 6 

2.2.2 Indices of Prolificacy … … … … … … … 7 

2.2.2-1 Litter Size and Percent Kidding… … … … … … 7 

2.2.2-2 Multiple birth rates … … … … … … … 8 

2.3.0 Components of Prolificacy … … … … … … 9 

2.3.1 Ovulation Rate … … … … … … … … 9 

2.3.2 Prenatal Wastage … … … … … … … 10 

2.3.2-1 Pre-embryo Losses … … … … … … … 12 

2.3.2-1.1 Ovulation failures … … … … … … .. 12 

2.3.2-1.2 Failure of ovum pick-up … … … … … … 12 

2.3.2-1.3 Fertilization disorders … … … … … … 13 

2.3.2-2 Embryo Mortality … … … … … … … 14 

2.3.2-3 Fetal Deaths … … … … … … … … 16 



 iv 

2.4.0 Factors affecting Prolificacy … … … … … … 19 

2. 4. 1 Effect of Genetics … … … … … … … 20 

2. 4. 2 Effects of Climatic Factors … … … … … … 23 

2. 4. 3 Effects of Dam Age, Parity and Litter Size … … … … 31 

2. 4. 4 Effects of Nutrition … … … … … … … 35 

2.4.4-1 The Prenatal (gestation) Phase Nutritional Effects … … … 36 

2.4.4-2 Pubertal Phase Nutritional Effects … … … … … 42 

2.3.4-2.1  Physical development impact … … … … … 43 

2.4.4-2.2 The impact on Physiological Maturation … … … … 53 

2.4.4-3. The Cyclic Phase Effects and Mechanism of Nutrition … … 58 

2.4.4-3.1 Growth Hormone (GH) … … … … … … 59 

2.4.4-3.2 Insulin… … … … … … … … … 60 

2.4.4-3.3 Insulin-like growth factors (IGFs) … … … … … 68 

2.4.5 The Effects of Management … … … … … … 71 

2.4.5-1 Flushing as a Nutritional Biotechnique … … … … 72 

2.4.5-1.1 The Discrete (Static) Effects of Flushing … … … … 74 

2.4.5-1.2 Relationship between the Static Physical and  

              Physiological Effects of Flushing … … … … … 80 

2.4.5-1.3 The Dynamic Effects Of Flushing … … … … … 82 

2.4.5-1.4 Relationship between the Dynamic Effects  

               of Flushing and Reproductive Rate … … … … … 83 

2.4.5-2 The Physiologic Basis of Flushing … … … … … 85 

 

CHAPTER THREE: MATERIALS AND METHODS … … … 97                                                                                    

3.1.0 Study Location and Area … … … … … … 97   

3.1.1 Study Location … … … … … … … … 97 

3.1.2 Study Area … … … … … … …. … 98 

3.2.0 Experimental Design and Set-up …. … … … … 100 

3.2.1 Experimental Design  … … …. … … … … 100 

3.2.2 Experimental Set-up … … … … … … … 101 

 



 v 

3.2.2-1 Experimental Supplement Feed Preparation … … … … 101 

3.2.2-2 Dietary Treatment … … … … … … … 101 

3.2.2-3 Estrus Synchronization … … … … … … 103 

3.3.0 Data Collection  … … … … … … … 103 

3.3.1 Supplement Intake … … … … … … … 103 

3.3.2 Body Weights and Condition Scores … … … … … 103 

3.3.3 Detection of Estrus, Mating and Kidding … … … … 105 

3.3.4 Blood Sample Collection … … … … … … 106 

3.4.0 Analytical Methods … … … … … … … 107 

3.4.1 Serum Chemistry Analysis … … … … … … 107 

3.4.2 Serum Hormones Analyses … … … … … … 111 

3.4.2-1 Luteinizing Hormone   (LH) … … … … … … 113 

3.4.2-2 Follicle Stimulating Hormone (FSH) …. … … … … 114 

3.4.2-3 Insulin … … … … … … … … …        115 

3.4.3 Analysis of Supplement and Forage … … … … … 116 

3.4.4 Statistical Analyses … … … … … … … 116 

 

CHAPTER FOUR: RESULTS AND DISCUSSION … … … 117 

4.1.0 Chemical and Energy Components of the  

         Experimental Forage and Concentrate Supplement … … 117 

4.2.0 Basal Forage and Supplement Dry Matter Intake … … … 118      

4.3.0 Effects of Flushing on Physical Body Status of Does … … … 120 

4.4.0 The Effects of Flushing on Metabolic Profile of Does … … … 134 

4.4.1 Total Protein … … … … … … … … 135 

4.4.2 Glucose … … … … … … … … … 136 

4.4.3 Calcium… … … … … … … … … 136 

4.4.4 Insulin … … … … … … … … … 137 

4.5.0 Effect of Flushing on Pituitary Functioning Status of Does at Mating… 143 

4. 5.1 LH … … … … … … … … … 144 

4.5.2 FSH … … … … … … … … … 145 



 vi 

4. 6. 0 Effects of Flushing on Estrus Synchronization… … … … 147 

4.7. 0 Effect of Flushing on reproductive performance of does … … 149 

4.7.1 Fertility Rate … … … …. … … … … 150  

4.7.2 Kidding Performance  … … … … … … … 150 

4.8.0 Relationships among the Metabolic and Physical Indices due to Flushing 152 

4.8.1 Relation between Insulin, Serum Metabolites and Body Mass Gains 153 

4. 8.1-1 Insulin and Body Weight … … … … … … 153 

4. 8.1- 2 Insulin and BCS … … … … … … … 154 

4.8. 1-3 Insulin and Serum Metabolites at Mating … … … 155 

4.8.2 Relation between Mean Body Mass  

         and Mean Serum Total Protein at Mating … … … … 157 

4.8.3 Relation between Mean Serum LH Levels at Mating  

         and Metabolic and Physical Parameters … … … … 158 

4.8.3-1  LH and Insulin … … … … … … … 158 

4.8. 3-2 LH and Serum Glucose … … … … … … 160  

4.8.3-3 LH and Body Mass Change… … … … … … 160 

4.8.4 Relation between Prolificacy, Age, and Physical Status at mating 161 

4.9.0 Summary, Conclusions and Recommendations … … … 163 

4.9.1 Summary … … … … … … … … 163 

4.9.2 Conclusions and Recommendations  … … … … 167 

 

BIBLIOGRAPHY … … … … … … … … 169 

 

 

 

 

 

 

 



 vii 

LIST OF TABLES 

TABLE          PAGE 

2.1 The Effects of Climatic Conditions at Mating on Prolificacy of the Doe… 30                     

 

2.2 Body Condition Scoring Systems and Score Interpretations  

for Small Ruminants  … … … … … … … 48 

 

2.3  Mean whole pituitary weights and mean pituitary relative weights (g)  

of heifers raised on 3 levels of nutrition and slaughtered at 6 different  

ages (Relative weights in brackets) … … … … … 54 

 

2.4      Mean thyroid acinar cell heights (µ) of rats injected with pituitary  

extracts from heifers raised on 3 levels of nutrition and slaughtered  

at 6 different ages … … … … … … … 55 

 

3.1 Climatological data of Kintampo from 2000-2004 (Source Ghana  

Meteorological service, Sunyani) … … … … … 99 

 

3.2 Pipetting, Incubation and Filtration Scheme for the Goat Serum  

Chemistry Analysis … … … … … … … 111 

 

4.1  Chemical Analyses (DM %) of feed stuffs, Supplement feed and Forage 117 

 

4. 2. The Main Effects of Supplementation and Age on Supplement  

Dry Matter Intake by Flushed Does … … … … ... 119 

 

4. 3 Main Treatment (Supplement Level and Age) Effects on the Dry  

Matter Intake and Physical Measurements at Mating of Flushed Does… 121 

 

4.4 Interaction of Supplementation level and Age on Physical Changes in  

            Flushed Does at Mating … … … … … … 122 



 viii 

4.5. The Dynamic Effect of Supplementation and Age on Daily Body Weight  

Changes of Flushed Does … … … … … … 134 

 

4. 6 The Mean Progressive Concentration of Serum Metabolites at Three  

Different Stages during 45-Day Flushing Period According to  

Age and Supplementation of Does … … … … … 134 

 

4.7 The Main Treatment (Supplementation and Age) Effects on the  

Metabolic Status of Flushed Does at Mating … … … … 136 

 

4. 8  The Interaction of Supplement and Age on Metabolic Profile  

of Flushed Does at Mating  … … … … … … 137 

 

4.9 Main Treatment (Supplementation and Age) Effects on the  

Pituitary Functioning Status of Flushed Does … ... … 143 

 

4.10 The Interaction of Supplementation and Age on Pituitary  

Functioning Status of Flushed Does at Mating … … … 143 

 

4.11 Time Interval Between 2
nd

 PGF2a Injection and Estrus and Its Distribution  

in Flushed Does According to Supplementation Level And Age … 147 

 

4.12 Main Treatment (Supplement Level and Age) Effects on the   

Reproductive Performance of Flushed Does … … … … 149 

 

4.13 Interaction of Supplementation and Age on the Reproductive  

Performance of Flushed Does … … … … … … 149 

 

4. 14  Correlation Coefficients (r) For Interrelation between Serum Insulin  

Levels at Mating and Metabolic/Physical Parameters of Flushed Does  

According to Supplement Level and Age … … … … 153 



 ix 

4.15  Correlation Coefficient for Relation between Mean Serum Total Protein and  

Body Mass Change at Mating According To Supplementation and Age… 157 

 

4.16 Coefficient of Correlation between LH, Metabolic/Physical Profile of  

Does at Mating Accounted For By Supplementation and Age … 159 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 x 

LIST OF FIGURES 

 

FIGURE          PAGE 

2.1  Conceptual model for the mechanisms through which nutrition  

affects reproduction in postpartum cows … … … … 71 

 

2.2 Hypothalamic neuronal circuit for leptin … … … … 90 

 

3.1 The research site (National Goat Breeding Station, Kintampo) … 97 

 

3.2  A section of the Experimental Animals being introduced to their new  

room     and feeding system   … … … … … … 98 

 

3.3 Column Chart of Climatological Data of Kintampo (2000 – 2004) … 100 

       

3.4 Re-growing tuft of old Panicum maximum plant … … … 102 

       

3.5  Experimental animals entering a paddock for grazing … … 102 

 

3.6  Experimental animals being fed individually with supplement … 102 

 

3.7 Assessing the body condition of a doe … … … … 104 

         

3.8  Collection of Blood Samples … … … … … … 107 

   

3.9  Centrifugation of Blood sample… … … … … … 107 

          

3.10  Preparation of the calcium test working reagent  … … … 108 

 

3.11 Reagent bottles and sample cups arranged in analyzer according  

to their displayed locations on monitor … … … … 110 



 xi 

3.12  Displayed locations of reagent bottles and sample cups on monitor …. 110 

 

3.13   The Principle of ELISA … … … … … … 112 

          

3.14    Incubated sera samples, standards and controls in ELISA microtitre  

wells for FSH assay … … … … … … … 113 

 

4.1a  Frequency Polygons of the Effect of Supplementation and Age on  

Distribution of Body Condition Scores of 3-4yr Does … … 124 

 

4.1b  Frequency Polygons of the Effect of Supplementation and Age on  

Distribution of Body Condition Scores of 5-6yr Does … … 125 

 

 

4.1c Frequency Polygons of the Distribution of Body Condition Scores  

of Entire Experimental Flock before and after Flushing … … 126 

 

4.2a  Frequency Polygons of the Effect of Supplementation and Age on  

Distribution of Body Weight of 3-4yr Does … … … … 127 

 

4.2b Frequency Polygons of the Effect of Supplementation and Age on  

Distribution of Body Weight of 5-6yr Does … … … … 128 

 

4.2c Frequency Polygons of the Distribution of Body Weight of Entire  

Experimental Flock before and after Flushing … … … 129 

        

4.3 The Dynamic Effect of Flushing on Weight-Changing Rate  

      of Does According to Supplementation Level and Age … … 131 

  

4.4 The Weekly Apparent Growth Of Does  

           According to Supplementation Level and Age… … … 131 



 xii 

4.5 Effect of Supplementation Level and Age on Changing  

           Serum Metabolite Concentrations of Does during Flushing … 135 

 

4.6 Serum Concentration of FSH hours after PGF2α Second Injection  

in doe # 0375 … … … … … … … … 146 

 

4.7 Relation between Prolificacy and Age, Body Condition Score  

and Weight at Mating In the Entire Experimental Flock  … … 162 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 xiii 

ACKNOWLEDGEMENTS 

 

I wish to offer profound gratitude to the Almighty God who provided the strength, 

wisdom and patience to me and all those who helped to make this study possible. A 

special debt of gratitude is owed to Mr. P. K. Karikari, the project supervisor, Professors 

(Mrs) C. C. Atuahene and A. Donkoh , the successive Heads of Department of Animal 

Science, KNUST, during the course of the author’s programme of study, and Dr. E. L. K. 

Osafo, also of the same department, for their kind support and encouragement. 

 

My hearty thanks go to Prof. A. B. J. Aina, a visiting Nigeria professor to the Department 

of Animal Science, KNUST, for proofreading; and to Prof. E. K. Awotwi, University of 

Ghana, Legon and Prof. S. A. Osei, Ag Pro-Vice Chancellor, KNUST, for their 

invaluable comments on the entire manuscript. Prof. Tsri Agbenyega and Dr. W. K. B. A. 

Owiredu – both of School of Medical Sciences, KNUST - are also acknowledged for 

their useful information on aspects relating to reproductive physiology and molecular 

biology, respectively. Similarly, Prof. W. Hansel (Cornell University), Prof. R. S. Ahima 

(University of Pensylvania, School of Medicine) and Dr. S. Hart (de la Garza Institute of 

Goat Research, Langston University, Langston, OK.) are appreciated for information on 

their original studies relevant to the subject of the current study. 

 

The following are highly acknowledged for their assistances in the analytic procedures 

followed in the study: Mr. Joseph Bentsil (KNUST) – feed analysis; Mr. Osei Agyeman 

(KNUST) – statistical analysis; Messrs David Dosoo and Kingsley Kayan of Kintampo 

Health Research Centre (KHRC), for blood chemistry and hormonal assays. 

 

The Directors of KHRC, Ministry of Health, and Animal Production Department (APD), 

Ministry of Food and Agriculture (MOFA) are specially acknowledged for free access to 

facilities at the KHRC and the National Goat Breeding Station, Kintampo, respectively, 

for academic purposes.  

 



 xiv 

The readily offered assistance of Messrs J. K. Donkor, J. A. Berchie, Samuel Nunoo, 

Paul Ayerilokolo, Ms Stella Ampiah and the farm hands at the Goat Breeding Station in 

the managerial care of the animals, field observations and extraction of recorded data are 

deeply appreciated.  

 

I also wish to record great appreciation for the contribution of Mr. Stephen Avenorgbo, 

KNUST, and Rev.  & Mrs. W. Pepprah, Presbyterian Church of Ghana, Kintampo, for 

provision of board and lodging during my stays in Kumasi and Kintampo, respectively 

for the study. Mr. S. Avenorgbo deserves further mention for free access to his computer 

and editorial services. 

 

This work has been made possible to a large extent through the financial and material 

contributions of: 

- Ms. Stella Boye-Doe (USA), for the prostaglandin analogue 

- Mr. & Mrs. Samuel Adagbe (Mepe), for insulin kit 

- Mr. P. K. Karikari (Project Supervisor), for gonadotropin and blood chemistry 

kits 

- Presbyterian Church of Ghana, Head Office, for study leave and University 

user fees 

- Ghana government Scholarship Secretariat, for bursary 

The contributions of all these people and bodies are gratefully acknowledged. 

 

Finally, my acknowledgement cannot be complete without mention of the tremendous 

personal and diverse sacrifices of my wife (Evelyn) and children (Ebenezer Jnr., Eleazar, 

Ezra and Eva), which motivated and sustained me to surmount all difficulties in the 

course of the study. To them and all others not mentioned I pray for God’s blessings. 

 

    

 

 

 



 xv 

ABSTRACT 

 

In a bid to determine the link between nutrition and reproduction, the effects of 

two levels of a local feed supplement intake on the physical body measurements, 

metabolic and gonadotropin status of West African Dwarf (WAD) goats at 

breeding were studied in a flushing experiment lasting 45 days. The levels of 

supplement feed provided 60% (High) and 20% (Low) of the estimated daily dry 

matter requirement of goats. Forty WAD does aged between 3 and 6 years 

(inclusive) were grazed on grass (Panicum maximum) pasture and randomized 

within these supplementation levels as 3-4yr and 5-6yr age groups, resulting in a 

2x2 factorial of randomized complete block design. After estrual synchronization 

with PGF2α, does were mated by 6 fertile bucks. The parameters measured 

included body condition score (BCS), body weight, serum levels of total protein, 

glucose, calcium, insulin, gonadotropins (FSH and LH), fertility rate and 

prolificacy. In addition, the reproductive implications of interactions among these 

parameters were investigated. The results showed that West African Dwarf (WAD) 

does responded positively to luteolytic estrus synchronization with PGF2α and flushing 

with high energy/protein supplementation for six weeks at the end of a long dry season, 

in the semi-arid or transitional ecozone of Ghana. The probable optimum age, BCS and 

body weight at mating for improved reproductive response were 4 years, 2.0 – 2.5 and 15 

-17 kg, respectively. Flushing improved BCS, body weight and prolificacy of WAD does 

by 23.86%, 10.25% and 29.0% respectively. The study results also corroborated 

suggestion of insulin as a possible metabolic-reproductive hormone. It was recommended 

that these findings be further verified in other parts of the breeding year, ecozones of 

Ghana, and the traditional (extensive) goat farming system. Blood sampling protocol for 

gonadotropin assay may have to start earlier than 31h after estrus-inductive 

administration of PGF2α and to consider determination of lipostatic status and leptin-

insulin effects on prolificacy due to flushing. Programmed breeding, regular body 

condition scoring and culling of aged breeders were recommended for effective 

flushing with supplement feed.  
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