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ABSTRACT

Nutrition influences postpartum ovarian activity but the effects of pre and postpartum feeding on
metabolte and hormonal changes and their subsequent influence on reproductive performance
remains unclear. This study attempted to explain effects of nutrition on these changes and their
ultimate impact on reproductive performance of lactating cows. Forty in-calf cows comprising
20 Friesians and 20 Sahiwals were randomly assigned to 5 dietary groups of 4 cows per breed.
Upon calving, cows were fed a basal diet of Rhodes grass pasture and supplemented with dairy
meal concentrate at the rate of 0, 1, 2, 3, and 4 kgs per day. Body weight and condition, milk
yield and composition (% BF, % P, %SNF, density and freezing point), hormonal (progesterone
and IGF-1) and metabolites (glucose, urea, NEFA and albumin) levels were measured weekly.
The cows were observed for heat, inseminated and monitored up to the next calving. Days to
commencement of luteal activity, insemination and calving intervals were also determined. Data
was subjected to correlation, general linear models, repeated measures, principal component and
regression analysis procedures of SAS. Sahiwals lost less body condition (-0.1 vs -0.4),
commenced luteal activity (6 vs 10 weeks) and were inseminated (10 vs 14 weeks) earlier than
Friesians. In both breeds, reduced levels of NEFA and threshold levels of 3ng/ml for
progesterone coincided with days to commencement of luteal activity and insemination. Only
76% of the cows exhibited heat signs and were served, with 56% of them eventually calving.
Friesians attained higher peak milk yield per week (88.9+1.7 vs 68.3+£1.6 Its) than Sahiwals.
Milk components and reproductive parameters were positively correlated in Friesian but
negatively associated in Sahiwals. Services per conception for Friesians were 1.53 compared to
Sahiwals 2.42. There were positive correlations (r=0.29) between days to luteal activity and
insemination and negative correlations (r=-0.21) with calving intervals. Feeding levels had no
effect on days to commencement of luteal activity but influenced metabolites and hormonal
levels, particularly glucose and progesterone. Cows that calved expressed heat earlier (70.5+£13.4
vs 96.8+21.5 days), had higher (p<0.05) mean levels of progesterone (3.78+0.6 vs 3.1+0.42
ng/ml) than those not calving. Cows conceived when IGF-1 levels exceeded 25ng/ml threshold
levels. Nutrition had an effect on progesterone, IGF-1, glucose and NEFA that proved suitable

predictors of the subsequent reproductive performance of cows after parturition.

VI



TABLE OF CONTENTS

DECLARATION AND RECOMMENDATION ..ottt 1
] O I N N I [ SRR 1
RECOMMENDATION ...ttt bbbt bbbt I
DEDICATION. ...tttk bbbt bbbt b et b bbbt 1
ACKNOWLEDGEMENTS .. .ottt e snaa e e nnae e e nneees v
COPRY RIGHT .t e e e e e e st e e s nb e e e s ab e e e naeeeeteeesnteeeanneas Vv
ABSTRACT ..ottt b bbb bbb e bt bR bbbt n et VI
LIST OF TABLES ...ttt X
LIST OF FIGURES ...ttt sttt e et e e e sna e e e snra e e nnaeeenneees Xl
LIST OF ABBREVIATIONS AND ACRONYMS ... X1l
CHAPTER ONE ...tttk bbbt b et bttt et 1
1.0 GENERAL INTRODUCTION .....ciiiiiiiiiee et 1
1.1 Background INFOrMAION .........coiiiiiiiiieie e 1
1.2 Statement of the ProbIEM .........c.oo e 3
IR O ] 1= £ PSSR 3

1.3.1  SPECITIC ODJECLIVES ....veeviieiicieeie ettt et sae e sra e re e e 4
1.4 INUH HYPOTNESIS ...t bbbttt b e bbb nie e 4
IO TN 1111 = [ o SR 4
CHAPTER TWO ..kttt et n et 5
2.0 LITERATURE REVIEW ..ottt 5
2.1 Nutritional Needs of LaCtating COWS ......cc.ccveiiriiriiiiiieieieiee ettt 5
2.2 Lactation OF DAINY COWS........ccuiiuiiieiieiieieieite sttt sttt n bbbt enes 6
2.3 Body Condition Score as an Indicator of Metabolic Status.............cccccevieviiicii e, 8
2.4 Physiology of REPrOQUCLION ........c.ooiiiiiiiic it 9

2.4.1 Conception and Pregnancy in DAy COWS .........ccouiieiriierieneneniesieseseeie e 9

2.4.2 Hormonal and Metabolite Influence on Reproduction ............ccocvvveiiieicieicicnne, 10

2.4.3  Fertilization FallUre..........coo o 12

2.4.4 Embryonic Losses iN Cattle .........cooviiiiiiiii e 13
2.5 Effects of NUtrition on REPrOGUCTION .........ccuiiviiiiiiiiiiiieieeese e 15



2.5.1 Partitioning of Nutrients to Support Reproduction.............ccccevvveveiieviveresieese e 15

2.5.2 Effects of Under-nutrition on ReProduCtion ............ccevveveiieiiieie s 16
2.5.3 Nutrient Balance and Follicular Development ..o 18
2.5.4 Nutritional Influences on Reproductive HOMMONES ...........cocoeiiiiiiniieiciee e 20
2.6 Energy Balance during Early Lactation...........ccceviieiiiie e 22
CHAPTER THREE ..ottt 25
3.0 MATERIALS AND METHODS ...ttt 25
TN A (010 )Y T 1 USRS RRRR 25
3.2 EXPErimMENtal COWS......cciuiiieiieie ettt ettt e e be e s reesneenaenneenns 25
3.3 Determining Feed Nutritional COMPOSITION .........cccveiiiiiiiciicc e 26
3.4 Determination of Body Weight and Scores, Milk Yield and Composition ............cccceeveene.. 26
3.4.1 Body Weight and Body Condition SCOES...........coueieierierieniiisesisieeeseee e 26
3.4.2 Milk Yield and COMPOSITION ......ccveiuiiieiiee et 27
TR =1 ool ST a2 o] 1T o PSSR 27
3.6 Determination of Nutritional MetaboliteS. ..........coviueiiieiieii e 28
3.6.1 Determination of PIasma UIEa..........ccccueiieiiiieiieiecie et 28
3.6.2 Determination of Plasma AIDUMIN LEVEIS.........cccoiiiieiiieieiiseneeee s 29
3.6.3 Determination of Plasma Non-Esterified Fatty ACid............cccoovevviiiiicie e 30
3.6.4 Determination of P1asma GIUCOSE .........cccveruiiiirieeiiiie e 32
3.7 Determination of HOrmonal Profiles ...........ccooveiiieiiie e 33
3.7.1 Determination of Plasma ProgesterOne...........cccovvevueiieieeriecie s seesie e ee e 33
3.7.2 Determination Of P1asma IGF-1.........cccccoiiiiiiiiiiinieese e 35
3.8 Measuring Reproductive PErfOrMANCE ........ccooeiiiiiiiieice e 37
3.9 DA ANAIYSIS ...ttt bbbttt bbb neene s 38
3.9.1 Single Data Measurement Statistical ANalySiS ..........c.cccoeveiiiiiieie i 38
3.9.2 Repeated Measures Variables ANalYSIS.........ccciveiiiieiecie e 39
3.9.3  Principal Component ANAIYSIS ......cvoiieiiriiiiiiieieiee e 40
3.9.4 Multiple Regression ANAIYSIS ... 40
3.9.5 LogistiCc Regression ANAIYSIS........cciuiiiieiiieiie ittt ene e 41
CHAPTER FOUR ..ottt bbbt se ettt et ne et e 42
4.0 RESULTS AND DISCUSSION ....ooiiiiiieiie et sr et ee et e et e e snee e nnne e 42



4.1 NULTEIVE VAU OF FEEUS ..ottt e e e e e e e e e e e e e e aaaan 42

4.2 Changes in Body Weight and Condition on Reproductive Performance ............c.c.cccceeveee. 42
4.3 Milk Production and REProdUCTION...........coueiiiiiiiiiiiisieeie et 48
4.4 MK COMPOSITION ...ttt b bbbt e b bbb ens 51
4.5 Reproductive Parameters Observed after CalVing.........cccocveveeiiiieiieeie e 57
4.6 Metabolite and Hormonal Profiles of Cows after Calving ........ccccccvvveviiieiecii s, 63
4.7 Metabolite and Hormonal Profiles for the two Calving Categories ..........ccccooeverencneninnne. 69
4.8 Feed Supplementation on Plasma Concentration of Metabolites and Hormones................. 70
4.9 Principal Component Analysis for Milk, Metabolite and Hormonal Variables ................... 73

4.9.1 Principal Component Analyis for Milk Constituents.............cccccevveveieenecie s 74

4.9.2  Principal Component Analysis for Metabolites and HOrmones ...........cccccovevvevivennene. 74
4.10 REgreSSION ANAIYSIS ......c.oiiiiiiiiteitieie et b bbbttt nb e bbb enes 75
CHAPTER 5...ecerstisscsnsssssssssssssssssssssss s s snsss s sssssssssessssss s sss s ssssssns s asssesassessssnsassnsassnsassnsassnssssnssnsass 78
5.0 CONCLUSIONS AND RECOMMENDATIONS......ccoosmmmmmsmsmssmssssssssssssssssssssssssssassssssssssssnssssnss 78
TR A 0 o [od 1] o] 4 RSSO 78
5.2 RECOMMENUALIONS.....cueiuiiieitiiteite sttt sttt sttt e bease e et estesbenbesbennenneas 80
REFERENCES.......oiiiiitimisnimssmsssssnsssssssssssssssssssssssssssssssssnssssssssssssssssssssssssssssasssssssssssssssssssnssasssssnssnssansnnss 81
APPENDIX.ctistisemsnsssessssssssmsssssasssssssesassssssssssssssssssasssssssssssssssssssssssssssssssssssssssssss sssssssssssssssssssasssssssssasans 98



LIST OF TABLES

Table 1. The Sample and Colour Reagent A Pipetted into Labeled Cuvettes.............cccccvevvenene. 31
Table 2. Meanz=SD of Nutritional Values for Forage and Concentrate Fed to Cows................... 42
Table 3. Mean £ SD of Age and Weight 0f COWS .........ccceiiiiiiiiiinie e 43
Table 4. Changes in Body Weight and Condition Scores at Commencement of Luteal Activity
AN INSEMINALION ...ttt b e bbbt na e bbb e s e 43
Table 5. Linear Correlations of Reproductive Traits with Cow Parameters...........ccccoocevveriennenne. 47
Table 6. Analysis of Variance of Milk Parameters Measured ...........cccoocevvverenieneenesieseenee s 48
Table 7. Least Square Means£SE of Milk Production Parameters............ccccceveveeieiiciicseennnn, 49
Table 8. Analysis of Variance for Milk Composition of Experimental Cows.............cccccocvveneee. 51
Table 9. Means of Milk Components for the two Breeds...........ccoeveiirininininieee e 52
Table 10. Correlation of Milk Components with Reproductive Parameters for Friesians ........... 54
Table 11. Correlations of Milk Components with Reproductive Parameters for Sahiwals.......... 55
Table 12. Correlation of Milk Attributes with Reproductive Parameters for Friesians................ 56
Table 13. Correlations of Milk Attributes with Reproductive Parameters for Sahiwals............... 57
Table 14. Summary of Reproductive Parameters of Experimental COWS ..........ccccevcvvcviveriennnnne. 58
Table 15. Effects of Breed on Reproductive Parameters..........cccevvervieiiveresinseene e see e 58
Table 16. Reproductive Parameters on Cows Calving Status in Days .........cccccceevveveiieieccieennenn, 59
Table 17. ANOVA for Repeated Measures of Metabolites and HOrmones ............ccccccceveeveenee. 63
Table 18. Means=SD of Metabolite and Hormone Concentrations............coceovverenenescnenennn 64

Table 19. Means+SE of Metabolite and Hormone Concentrations of Cows Calving Status ....... 70

Table 20. Rotated Correlation Coefficients Factor Patterns of Milk Components....................... 74
Table 21. Rotated Correlation Coefficients Factor Patterns of Metabolites and Hormones ........ 75
Table 22. F-Values for Multiple Regressions of Hormones in Relation to Metabolites .............. 76
Table 23. Stepwise Logistic Regression Of Progesterone...........ccccvvevveeriveresieseene e se e 77



LIST OF FIGURES

Figure 1. Model of Observations for EXperimental COWS..........cccccveiveieiiieneeie e see e 26
Figure 2. Standard Curve for Urea CONCENIALION ............cceiieieieieiie e 29
Figure 3. Standard Curve for Albumin Concentration............ccceoereierenenisieeee e 30
Figure 4. Logarithmic Graph for Progesterone Standard CUIVe...........cccceeveveeieiiesieese e 35
Figure 5. Logarithmic Graph for IGF-1 Standard CUINVE...........ccceeeeiieic e 37
Figure 6. Changes in Body Weight for Cows after Parturition...........ccocccooevienveiiniienenieseens 44
Figure 7. Change in Body Condition Scores for Cows after Parturition .............ccccccocevenvnennnne. 45
Figure 8. Lactation Curves for Friesian and Sahiwal Cows Postpartum ...........c.cccccoeveveiiieieennns 50
Figure 9. Percent Milk Fat by Feed Supplementation ............ccccooeiieiiiiciiiecie e 53
Figure 10. Percent Milk Protein by Feed Supplementation.............cccccoeririiininiene s 54
Figure 11. Interaction of Breed and Diet on Commencement of Luteal ACtivity .............cc.cc...... 62
Figure 12. Plasma NEFA Concentration overtime for both Breeds ...........c.ccocoovvreiiiiiiccnnnnn. 65
Figure 13. Plasma Urea Concentration overtime for both Breeds..........ccccccevvveviieii e ciiccees 66
Figure 14. Plasma Albumin Concentration overtime for both Breeds...........cccoccvveeivevciieinenns 67
Figure 15. Plasma Progesterone Concentration for Friesian and Sahiwal Cows..............c..c...... 68
Figure 16. Plasma IGF-1 Concentration for Friesian and Sahiwal COWS...........cccccoeveiiiinennnne 69
Figure 17. Glucose Concentration by Breed and Feeding Levels (Kg/day) ..........cccooveveiieieennens 71
Figure 18. Urea Concentration by Breed and Feeding Levels (Kg/day) ........ccccccvveiieiciiieinennns 71
Figure 19. Progesterone Concentration by Breed and Feeding Levels (Kg/day) .........c.ccocevenee. 72
Figure 20. IGF-1 Concentration by Breed and Feeding Levels (Kg/day) ........ccccovveneniiiinnnnne 73

Xl



ACOD
ACS
AFC
Al
AIC
ANOVA
AR(1)
ATP
BC
BCS
BF
BHBA
BW
Calfwt
Chbon
CF

Cl
CoA
CP
CPM
CS
cVv

DIM
Dins
dl
Dlac
DM
DMI

LIST OF ABBREVIATIONS AND ACRONYMS

Ascorbate Oxidase
Acyl-CoA-Synthetase
Age at First Calving
Artificial Insemination
Akaike Information Criterion
Analysis of Variance
Autoregressive order one
Adenosine Triphosphate
Body Condition

Body Condition Scores
%Butter Fat
BHydroxybutyrate

Body Weight

Calf Weight

Cow Body Condition Score
Crude Fibre

Calving Interval
Coenzyme A

Crude Protein

Counts Per Minute
Compound Symmetry
Coefficient of Variation
Density

Days in Milk

Days to Insemination
Deciliters

Days to Luteal Activity
Dry Matter

Dry Matter Intake

Xl



EB
ECM
EDTA
ELISA
FAO
Fp
FSH
GH
GLM
GnRH
HK
IAEA
IGF-1
KARI
KALRO
LH
MB
MEHA
mg/dI
ml
mMRNA

NADP
NEB
NEFA
NE.
ng/mi
NSB
oD

Energy Balance

Energy Corrected Milk
Ethylenediaminetetra-acetate

Enzyme Linked Immunosorbent Assay

Food and Agricultural Organization

Freezing Point

Follicular Stimulating Hormone

Growth Hormone

General Linear Model

Gonadotropin Releasing Hormone

Hexose Kinase

International Atomic Energy Agency
Insulin-like Growth Factor 1

Kenya Agricultural Research Institute

Kenya Agricultural and Livestock Research Organization
Luteinizing Hormone

Maximum Binding

3-Methyl-N-Ethyl-N-(B hydroxyethyl) Aniline
Milligrams per deciliter

Mililiters

Messenger Ribonucleic Acid

Nitrogen

Nicotinamide-Adenine Dinucleotide Phosphate
Negative Energy Balance

Non-Esterified Fatty Acids

Net Energy of Lactation

Nano grams per milliliter

Non Specific Binding

Optical Density

% Protein

Progesterone

X1



PGF,, Prostaglandin F,

PP Pyrophosphoric acid

PSPB Pregnancy Specific Protein 3
RDP Rumen Degradable Protein
RUP Rumen Undegradable Protein
SM-C Somatomedin-C

SNF Solids Not Fat

SRA Strategy for Revitalizing Agriculture
T Total Counts per minute

UK United Kingdom

UN Unstructured

VFA Volatile Fatty Acids

WKks Weeks

Wit Weight at Calving

Wtins Weight at Insemination
Witlac Weight at Luteal Activity

XV



CHAPTER ONE
1.0 GENERAL INTRODUCTION

1.1  Background Information

Lactating cows continuously exposed to inadequate nutrition fail to fully express their genetic
potential for production and reproduction performance. This is typical in low input systems where
several authors have observed influence of levels of feeding on the low milk yield and delayed
age at puberty in heifers, prolonged postpartum intervals to first ovulation, increased incidences
of silent heat, and reduced conception rates and birth weights (Topps, 1994; Gong et al., 2002;
Lopez et al, 2004). The length of calving interval in dairy herds is influenced by number of
inseminations per conception and days from calving to conception (Stevenson, 2001). A common
feature of feeding regimes in low input systems is characterized by inadequate and variable
feeding regimes resulting in large variation in milk yield, ranging from 5 to 15 kg per day
(Walshe et al., 1991) and long calving intervals, ranging from 308 to 1256 days (Odima et al.,
1994). For instance, Topps (1994) showed that cows under smallholder production systems in
Kenya have a dietary deficit of up to 15 MJ/day of metabolisable energy and effective rumen
degradable protein of 235 g per day. Consequently, dairy cows in low input systems are highly
sensitive to improved nutrition. This is evidenced in a study by Van der Valk (1992) who
obtained with improved nutrition an increase of 140 to 300% over the median milk yield per day

in Kenyan smallholder dairy herds.

Low input systems utilize different breeds for milk production of which Friesian and Sahiwal
cattle respectively represent the high and low potential milk yielding breeds. In these systems,
Friesian breed can produce an average of 72.5 litres of milk per week with a butterfat content of
3.7% in a lactation length of 290 days (Irungu and Mbugua, 1998) while the Sahiwal breed can
produce on average 67.2 litres per week in a lactation length of 280 days (Muhuyi and
Lokwaleput, 1998). Friesian is a specialized milk breed while Sahiwal is a dual purpose breed and

therefore the two breeds will respond differently to the same nutritional regime.

Feeding levels are known to re-initiate postpartum ovarian activity in lactating cows but the

association with the metabolic and physiological changes during the transition period is unclear.
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Some authors have found positive association (Chagas, et al., 2006) while others reported
negative (Keady et al., 2001) or no associated responses (Pushpakumara, et al., 2003).Several
studies have shown that various nutritional metabolites and hormones circulating in blood and
milk can be associated with reproductive performance (Reist et al., 2003; Stevenson et al., 2006)
and are important in energy homeostasis as well as follicular dynamics (Lucy et al., 1992).
Therefore, nutritionally induced changes in metabolites and hormonal profiles are candidate
indicators that could explain the underlying nutritional effects on the reproductive performance of
lactating cows. Potentially useful metabolites and hormones in blood as indicators of body energy
balance include Non-Esterified Fatty Acids (NEFA), B-hydroxybutyrate (BHBA) and insulin-like
growth factor-1 (IGF-1) while metabolites in milk include acetone, urea, protein and fat to protein
ratio (Reist, et al., 2003).

Lactating cows are typically in a state of Negative Energy Balance (NEB) in their postpartum
period, because energy expenditure for maintenance and milk production exceeds energy intake
(Riest, et al., 2002). In this state, metabolic and endocrine changes allow enhanced mobilization
of adipose fat and skeletal muscle breakdown to support mammary glands to provide substrates
for milk synthesis (Bauman, et al., 1988). The practical indicators of NEB are changes in Body
Condition Scores (BCS) and to a lesser extent in live weight changes (Sutter and Beever, 2000).
Hormones and metabolites involved in metabolic adaptation, translate the nutritional status to
reproductive functioning by interaction with the gonadotropic axis at the hypothalamo-pituitary

(central) or gonadal (peripheral) levels (Santos, et al., 2009).

The NEB during the early weeks of lactation and a delayed EB nadir (its most negative level) are
associated with longer intervals to first ovulation postpartum. Reduced concentration of IGF-1
and estradiol are associated with this ovulation failure (Gong et al., 2002). Milk urea nitrogen
provides a rapid and noninvasive means of assessing the dynamics of blood urea nitrogen that can
be used to monitor overall protein metabolism in lactating dairy cattle (Gustaffsson and
Palmquist, 1993).



1.2 Statement of the Problem

Reproduction is one of the major limiting factors in the production efficiency of nursing or milked
cows. Because duration of gestation limits cows to one annual calf crop, losses in potential calves
are attributable to either prolonged periods of anestrous, delayed establishment of pregnancy or
conception failure that is attributed to various factors of which nutrition is key.

The demand for nutrients during late pregnancy to support foetal growth and lactation after
parturition is a major challenge in improving dairy cattle productivity. Low milk yields and poor
fertility in tropical cows is a result of nutritional factors due to seasonal variation of forage
quantity and quality. Feeding levels have a clear and strong influence on the re-initiation of
postpartum ovarian activity in lactating cows. But there is conflicting information on the
mechanism by which nutrition influences metabolic and physiological changes during the
transition period and the subsequent impact on reproductive performance during the pre and

postpartum period.

Supplementary feeding levels induce changes in blood and milk metabolites and hormonal
profiles, which have associated influences on milk yield and reproductive performance
postpartum. The understanding of nutritional influences on metabolite and hormonal mechanisms
and their impact on the reproductive processes can be useful in addressing practical problems that

improve production and reproductive performance of lactating dairy cows.

1.3 Objective

The overall objective was to asses effects of nutritional metabolites and hormonal profiles
associated with reproductive performance of lactating Friesian and Sahiwal cows



1.3.1 Specific Objectives

To determine effects of nutrition on milk production and composition, and the subsequent
effects on reproductive performance of dairy cows.

To establish nutritional effects on metabolites and hormonal profiles and their subsequent
influence on the reproductive performance of lactating cows.

To identify specific nutritional metabolites and hormones and their threshold levels that
influence reproduction in dairy cows.

To determine association between conception failure and circulating levels of metabolites and

hormones.

1.4 Null Hypothesis

Nutrition, through influence on metabolite and hormonal profiles does not affect reproductive

performance of lactating dairy cows

1.5 Justification

Numerous studies have reported that nutrition has major influences on reproductive performance
of lactating cows; however, the modalities of the nutritional effects on reproductive performance
have been controversial. Some studies show positive influence (Chagas, et al., 2007), others show
negative influence (Keady, et al., 2001) or no response (Pushpakumara, et al., 2003). Other
studies have shown that nutritional influence on reproductive function is mediated at the ovarian
level through the effects of metabolites acting as signals that influence hormonal action on gonads

to enhance or impair reproduction in dairy cows (Chagas, et al., 2007).

The NEB after parturition impacts negatively on conception due to competing needs for nutrients
between reproduction and lactation, resulting in lactational anestrus (Souza, et al., 2014). This can
be ameliorated by provision of the right quantity and quality of feed that provides the right

metabolic status for optimal milk production and conception after parturition.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1  Nutritional Needs of Lactating Cows

Animal nutrition is the art of balancing feed intake and digestibility, relative to the animals’
requirements. Forages are fundamental components for the dairy cow diet in most production
systems and profoundly affect protein and carbohydrate intake (Okiely, 1994). The quantity of
herbage consumed by grazing animals is typically regulated by grazing time, biting rate and
intake per bite (Perez-Ramirez et al., 2008; Holmes, 1989).

The most important factor influencing cow productivity is dry matter intake and neutral detergent
fiber (NDF) is a good predictor in dairy cattle (Kendall, et al., 2008; Waldo, 1986). For high
producing dairy cattle the dietary fiber should be more than 20% and 29% for acid detergent fiber
(ADF) and NDF respectively to support normal rumen function and maintain a positive body
tissue balance. High NDF proportions of the fiber content stimulates chewing activities and hence
the rumen buffering effects of saliva and NDF is readily fermented, resulting in rapid production
of volatile fatty acids (Russell, et al., 1992). Dairy cows consume 28g dry matter per kg live
weight in early lactation, which increases to 329 at peak lactation. Animal factors affecting intake
include body condition, stage of lactation and metabolic size while herbage factors are,
digestibility, size and structure (Forbes, 1986). The nutrients consumed are utilized to meet
metabolic needs for maintenance, milk production, growth and reproduction. It is apparent that
herbage alone rarely can meet the requirements of an average lactating cow and therefore
supplementation with concentrates to mitigate the shortfall in energy and protein is a must
(Butler, et al., 2003). A high yielding dairy cow requires approximately 7kg of glucose, however,
normal absorption from the digestive tract has been shown to be <1kg per day suggesting that a
dramatic increase in gluconeogenesis is necessary in early lactation to sustain milk production
(Bauman and Elliot, 1993). Precursors needed to support increased gluconeogenesis include
propionate, lactate amino acids and glycerol and metabolic adjustment is required to avail these

substrates.



Lactation and reproduction increases the requirements for nutrients, conversely nutrient supply
can influence the lactation and reproductive processes of the cow. Reproduction is an ‘all or none’
phenomenon and consequences of failure are severe and should be avoided (Butler, et al., 2003).
A good plane of nutrition promotes the secretion of insulin which encourages the uptake of

glucose in peripheral tissue and synthesis of steroids by the ovary (Garnsworthy, et al., 2008).

2.2 Lactation of Dairy Cows

Milk is secreted by the mammary glands and is a complex nutritious product containing more
than 100 substances that are either in solution, suspension or emulsion in water (Buttris, 2003).
The major component of milk is water with dissolved organic and inorganic elements such as
amino acids, urea, water soluble proteins, lactose, minerals, vitamins and milk fat (Auldist, et al.,

1998). Lactation is a natural extension of the culminating events of successful reproduction.

It is important to determine the characteristics of the lactation curve of milking cows in order to
analyze the milk production potential for improved milk yield and obtain a more desired lactation
curve (Keskin and Dag, 2006). Moreover the lactation curve is also useful for assessing the
nutritional and health status of milking animals (Dudouet, 1982) and helps to determine the
suitable time to end milking (Chang, et al., 2001). In exotic dairy cows, peak milk yield occurs at
an average of 50 to 70 days postpartum and influences 66-88% of the variation of lactation yield
(Roche, et al., 2006; Weller, et al., 2006). Persistence of lactation is the rate of decline in
production after peak milk yield and greatly influences the lactation production levels
(Appuhamy, et al., 2007). Cole and VanRaden (2006) showed that low producing cows achieve
peak production early and at the same time have lower persistence. Stage of lactation influences
milk yield and composition in cattle (Ibeawuchi and Dangut, 1996) and goats (Akingbade, et al.,
2003). Milk composition varies between and within breeds of cattle and is a result of
environmental and genetic influences (Legates, 1960). The concentration of protein and fat
increases with advancement in lactation in pasture fed dairy cows and reduces when dry matter
and energy intakes are low (Auldist, et al., 1998; Coulon and Remond, 1991). Dietary protein and
energy balance are the major determinants of milk urea concentration (Broderick and Clayton,
1997).



Onset and establishment of lactation and estrus cycles are concomitant, energy-competing
processes postpartum. This is because the metabolic events essential for milk secretion compete
for available nutrients that support the processes leading to the first postpartum estrus and
subsequent fertility (Butler and Smith, 1989). The onset of heat coincides with significant
hormonal changes likely to alter the protein composition. Such alterations could be used to
identify estrus-specific proteins by comparing protein profiles of milk at the different stages of the
estrus cycle (Morris et al, 2001). Understanding the interdependence of lactation and reproduction
is essential to optimize reproductive efficiency of the dairy enterprise.

A high yielding dairy cow may produce in a single lactation 5 times as much dry matter in the
form of milk as is present in her own body (Riest, et al., 2002). Net energy deficits greater than 20
Mcal per day have been reported by Bauman and Elliot (1993) in high yielding dairy cows. The
raw material from which milk constituent is derived and the energy for their synthesis in the
mammary gland is supplied by the feed consumed. Thus, feed requirements will depend on

amount and composition of the milk being produced (Broderick and Clayton, 1997).

About 95% of the nitrogen in milk is in the form of proteins the remainder being urea, ammonia,
creatine and glucosamine, which filter from the blood to the milk. In this respect milk serves as an
alternative excretory outlet to urine (Morris et al, 2001; Plaizier, et al., 2005). Milk Fat consists of
a mixture of triglycerols comprising saturated and unsaturated fatty acids. Milk fat yield is
influenced by the balance of fat synthesis and mobilization and depends on glucogenic substances
in the products of digestion. Thus a high proportion of propionate, glucose and amino acids
stimulate fat deposition (Blum, et al, 2000). Mech, et al., (2008) reported that variation in total
solids was influenced by variation in milk fat while protein and SNF did not vary across the
various lactation stages and is probably not a function of milk yield. The average lactation length

was defined as the time where milk yield was less than 30% of the peak. (Chang, et al., 2001)

Important characteristics that determine milk quality are density and freezing point and are
indicators of the metabolic status of lactating cows (Henno, et al., 2008). The specific gravity or
density of milk averages 1.032kg per liter, i.e. at 4°C, one liter of milk weighs 1.032 kg. Water

without solutes will freeze at 0° C and the presence of any solutes will depress freezing point



below 0° C (Henno, et al., 2008). The freezing point of milk depends upon the concentration of

water-soluble components. As milk is diluted, the freezing point will raise closer to zero.

2.3  Body Condition Score as an Indicator of Metabolic Status

Body condition score (BCS) is used as a subjective method to determine body reserves in sheep
and cattle (Lowman, et al., 1976). The method is based on a visual and tactile appraisal of body
fat reserves on the back and pelvic regions and is usually scored on a scale of 1 to 5. Broster and
Broster (1998) hypothesized that the ratio of change in body weight relative to change in BCS

was estimated at 26kg per unit condition score in cattle.

Energy intake of high yielding cows postpartum has been found to be less than half the energy
required for production (Van Arendonk, et al., 1991), the shortfall must be met through
mobilization of body tissue, thus appreciable bodyweight and condition loss is inevitable. Loss of
BC at time of Al may negatively influence conception, because cows with BCS of less than 3 at
calving were less likely to show heat and BCS loss between calving and 45 days in milk (DIM)
was associated with more days open and delayed intervals to 1* insemination (Carvalho, et al.,
2014; Santos, et al., 2009). The BCS of cows at the end of lactation should be 3.25 — 3.75 (Studer,
1998). Energy balance during the dry period and early lactation as monitored by BCS is a better
indicator of conception at 1% service than other factors.

The levels and changes of BCS during the lactation period could affect the resumption of estrus
cycle and reproductive success and is indicative of the metabolic status necessary to support
production and resumption of cyclicity (Pryce, et al., 2001; Santos, et al., 2009). Regular body
condition scoring of cows has been recommended as a means to evaluate the relative degree of
energy balance (Heuer, et al., 1999). As genetic merit for production increases, so does
mobilization of body reserves creating a larger negative energy balance during early lactation.
BCS has a negative genetic correlation with calving intervals of -0.40 and can be used for
selection of fertility, with thinner cows, or cows in more negative energy balance, tending to have
poorer fertility (Pryc,e et al., 2001). The greatest change in BCS seems to be from calving to

week 12 post calving (Pryce, et al., 2001). It has been shown that BCS and reproductive measures



have a linear relationship and is negatively correlated to milk yield. High genetic merit cows have

lower BCS and lose more body condition than average merit cows (Pryce, et al., 2001).

2.4  Physiology of Reproduction

2.4.1 Conception and Pregnancy in Dairy Cows

Conception and establishment of pregnancy are an ordered progression of interrelated events
involving various tissues of the reproductive tract and include follicular development resulting in
ovulation, fertilization of the oocyte, embryo transport and development, maternal recognition of

pregnancy and implantation (Butler, 1998; Cerr, et al., 2009).

Reproductive success is a physiological process by which gonadotrophins (FSH and LH) are
secreted from the pituitary to the ovary to stimulate follicular development to produce a mature
and competent egg (Gong, et al., 2002). Nutritional influences on reproduction are mediated by
ovarian follicle development in cattle through changes in metabolic hormones such as growth
hormone (GH), insulin, insulin like growth factor 1 (IGF-1) and most recently leptin (Boland, et
al., 2001; Lopez, et al, 2004). The interaction between these metabolic hormones and follicular
development can be manipulated to improve production and reproductive performance in cattle.
These interactions can be on ovarian follicular growth, oocyte maturation and early embryonic
development (Santos, et al., 2009).To maximize chances of a successful pregnancy, a number of
important time-dependent components of the estrus cycle must be well managed. Maximal
reproductive efficiency requires management of the calving interval, which consists of 3 main
components: the elective waiting period, the active Al breeding period and the gestation period
(Stevenson, 2001). The elective waiting period is the rest period postpartum and its duration (40-
70 days) is based on the need for the reproductive tract of the cow to undergo involution, which is
physiologically necessary (Stevenson, 2001; Santos, et al. 2009). The Al period begins by the
cow exhibiting heat and is subsequently inseminated and the calving interval will depend on the
services per conception, while after conception the ability for the cow to hold the pregnancy will

further have impact on this interval.



2.4.2 Hormonal and Metabolite Influence on Reproduction

Progesterone is a steroid hormone with key functions in the regulation of female reproduction and
plays an important role in the preparation for and maintenance of pregnancy. It is produced during
the luteal phase of an estrus cycle by the corpus luteum and depending on the stage of pregnancy
and species it is synthesized from cholesterol via pregnenolone (Aufrere and Benson, 1976). The
ovary and the placenta are the major production sites, but a small amount is also produced by the
adrenal cortex. Circulating progesterone levels, are characteristically low during the follicular
phase and increase sharply during the luteal phase of the estrus cycle reaching a peak 5 to 10 days
after the mid cycle period (Bridges, et al., 2014). Unless pregnancy occurs, a steep decline to

follicular levels sets in about 4 days before the next estrus period (Santos, et al. 2009).

The somatotropic axis consists of growth hormone, growth hormone receptors, insulin like
growth factor 1 (IGF-1) and IGF binding proteins. These control nutrient partitioning in early
lactation of dairy cows (Etherton, 2004). There is a rapid decrease in blood IGF-1 concentration
shortly after calving and this is the process that drives nutrient partitioning to milk production
during early lactation (Lucy, 2008) which has a negative influence on reproductive performance
(Roche, et al., 2007). Nutrition can exert control over the somatotropic axis through its effects on
the liver IGF-1 production (Lucy, 2008). Plasma IGF-1 concentrations are an indicator of
postpartum energy balance. Better nutrition results in a more positive energy balance leading to
liver IGF-1 synthesis and secretion (Butler, et al., 2003; Radcliff, et al., 2006). Somatomedin-C
(SM-C) or IGF-1 is a basic 70 amino acid single chain polypeptide. The blood concentration of
SM-C is more stable due to the binding to carrier proteins. IGF-1 is produced by the liver and
other tissues and has endocrine, paracrine and autocrine activities (Lucy, et al., 2009). Growth
hormone is the most important factor controlling secretion and concentration of IGF-1 (Lucy, et
al., 2009) while other important factors include age, sex, nutritional status and other hormones

like estrogen, thyroxin and prolactin.

Urea is primarily produced in the liver and excreted by the kidneys. It is the major end product of
protein catabolism in mammals and primary vehicle for the removal of toxic ammonia from the
body. Jung, et al. (1975), developed simple and direct procedures for direct measurement of urea
concentration in blood or blood urea nitrogen (BUN).
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Albumin is the most abundant plasma protein and accounts for about 60% of the total serum
protein (Jainudeen and Hafez, 2000). It plays an important physiological role which includes
maintenance of colloid osmotic pressure, binding of key substances such as long chain fatty acids,
bile acids, calcium and magnesium (Hafez and Hafez, 2000). It has anti-oxidant and anticoagulant
effects and acts as a carrier of nutritional factors and is an effective plasma pH buffer. Albumin is

a reliable indicator of malnutrition and protein-losing enteropathies (Jainudeen and Hafez, 2000).

The hormonal and metabolic signals that communicate the level of body energy reserves to the
reproductive-mammary axis remain undefined in dairy cattle (Chelikani, et al., 2009). There is
substantial evidence on the effects of nutritional manipulation on the hormonal and metabolic
milieu in dairy cows. The interval to first postpartum ovulation is related to the period of negative
energy balance, as metabolites and metabolic hormones convey information from the cow’s
metabolic status to her central nervous system (Butler, et al., 2003). A high plane of nutrition was
associated with increased circulating levels of insulin, glucose and IGF-1, and decreased levels of
growth hormone and NEFA and vice versa (Chelikani, et al., 2009). Moreover, cows ovulating
within 35 days postpartum have high levels of IGF-1, insulin and glucose, and lesser

concentrations of NEFA and B-Hydroxybutyrate (Huszenicza, et al., 2001).

There is evidence that elevated concentrations of NEFA are associated with compromised
reproductive performance in cattle. There is a positive genetic correlation between NEFA
concentration with long calving intervals, metritis and reproductive problems while a negative
association exists with conception rates to first artificial insemination (Oikonomou, et al., 2008).
Among blood metabolites, NEFA concentration is assumed to be the best indicator of the cows’
energy balance (Reist, et al., 2003) because elevated NEFA is the first indication of lipolysis and

is a way of adapting to negative energy balance.

A high-energy diet favours activities of the rumen microorganisms leading to the increased
production and absorption of volatile fatty acids leading to an increase in insulin and a decrease in
fatty acid mobilization from the adipose tissues (Doepel, et al., 2002). Among the hormonal

signals, a prepubertal increase in circulating concentration of growth hormone and IGF-1 plays a
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role in determining the onset of puberty in beef heifers (Yelich, et al., 1995), this is because of the
role IGF-1 plays in follicular development and maturation (Webb, et al., 2004). In addition to
these hormones, leptin, a hormone secreted primarily from adipose tissue is sensitive to dietary
manipulation and appears to play an important role in transmitting the metabolic status to the
central nervous system to regulate feed intake and reproductive function in ruminants (Zieba, et
al., 2005). Further, a heifer was considered pubertal and first ovulation occurred when plasma
progesterone concentration exceeded 1 ng/ml for the first time (Chelikani, et al., 2003).There is a
favorable genetic association between glucose concentration measured in early lactation and
reproduction (fertility). Elevated glucose concentration was linked to decreased interval from
calving to conception and increased rate of conception (Oikonomou, et al., 2008). There is a
negative correlation between days open and plasma glucose concentration (Moallem, et al, 1997).
There is further evidence that glucose promotes steroidogenesis by enhancing cholesterol uptake
into the ovarian cells (Rabiee and Lean, 2000) which is a precursor to steroid hormone synthesis

and ensures adequate availability.

2.4.3 Fertilization Failure

Fertilization failure is due to factors that fail to facilitate union of a viable egg with a viable
sperm. Once fertilization occurs, embryonic death results from failure of normal embryonic
development, lack of maternal recognition of pregnancy or normal maintenance of pregnancy
(Stevenson, et al., 2014). The period from parturition to 1% Al depends on estrus detection and the
individual cow"s fertility status. The level of cow fertility depends on several factors; fertility of
the service sire, correct semen handling, Al technique and timing of insemination (Cerri, et al,
2009; Stevenson, 2001)

The greatest limiting factor to successful fertilization is detection of estrus. Approximately 59%
of estrus periods go undetected on an average dairy farm in the USA (De Vries, et al. 2010) and
higher producing cows are more difficult to detect estrus (Santos, et al., 2009). Mounting activity
at estrus which is a behavioral expression of estrus is stimulated by estrogen and inhibited by
progesterone (Allrich, 1994; Lopez, et al., 2004). A number of environmental conditions

including temperature, nutrition and presence of bulls amongst others, influence whether cows
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show estrus or not while cows that are confined or in crowded pens show less estrus (Stevenson,
2001).

Ovulation occurs 24 to 32 hours after the onset of estrus (mean 27.6 hrs.) and is triggered by the
hormonal mechanisms that cause the cow to display estrus (Fricke, et al., 2014) and once
ovulated, the eggs viable life is less than 12 hours unless fertilized. Thawed semen is estimated to
have a viable life span of less than 48 hours in the female reproductive duct (Mclaren, 1974). In
general, normal sperm need 6 to 10 hours to reach the oviduct after undergoing capacitation. The
subsequent 12 to 16 hours represents the period of maximum fertile life of the sperm after which
it declines (Fricke, et al., 2014). Inseminating pregnant cows can lead to induced embryo death or
abortion. Approximately 10% of pregnant dairy cows express estrus (Moore, et al., 2005). To
avoid abortions of held pregnancies in these cows, semen should be deposited at the mid cervical

area (Macmillan, et al., 1977).

2.4.4 Embryonic Losses in Cattle

Santos, et al (2004) demonstrated that bovine fertilization rates are usually as high as 95% and
that embryonic mortality was the main source of reproductive wastage. Causes of embryonic
losses could be due to genetic defects of the embryo or uterine factors. Cow factors resulting in
such losses were identified as insemination during pregnancy; nutrient and ionic imbalance, rectal
palpation, age of cow, heat stress and infection (Stevenson, et al., 2014). Nutrition has also been
implicated as the most important cause for embryonic loss and is manifest through level of

feeding, or imbalance of feed components (McClure, 1994; Santos, et al., 2009).

The decreased secretion of interferont from day 15 embryos, which is important in sustaining
embryonic development and an increased secretion of uterine PGF,, from undernourished ewes
(Kim, et al., 2011) promotes embryonic loss. This is due to the action of PGF,, regressing the
corpus luteum as a result of the reduced action of interferont. The early cleavage stages of the
embryo is characterized by relatively low levels of biosynthesis, low respiratory rates and a
limited capacity to use glucose as an energy source (Khurana and Niemann, 2000). Before the
blastocyst formation, metabolic reliance of embryos is on lactate and pyruvate pathways rather

than that of glucose and therefore elevated glucose (5-6 mM) during these early stages could be
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detrimental to embryo development. Moley, et al., (1996) suggested an elevated concentration of

glucose might alter activity of the kreb’s cycle, resulting in retarded embryo development.

Cessation of pregnancy in animals occurs at a number of points. Stevenson, et al., (2014) defined
the bovine conceptus as an embryo from day 14 to 45 after fertilization, and then it becomes a
foetus. A number of reasons have been advanced for the increased number of late embryonic and
early foetal losses. However, under-nutrition has been identified as the most important
(Stevenson, et al., 2014). After the egg is fertilized, early embryonic loss may occur at day 3 or if
the blastocyst develops by day 7 or 8 (Mclaren, 1974). Thereafter, it enters the uterus by day 5,
another critical stage that can result in loss. These losses in addition to fertilization failure are not
easily detected because the cow returns to estrus at the regular time of the estrus cycle (Wiltbank,
etal., 2012).

The next critical stage is around day 15 or 16, when the embryo must be sufficiently developed to
overcome the spontaneous uterine secretion of PGF,,, which causes the corpus luteum to regress
and initiates another period of estrus (Northey and French, 1980). This process is facilitated by
foetal trophoblastic cells production of large quantities of interferont that is integrated into a

multifactorial antiluteolytic function to conserve the established pregnancy (Bazer, et al., 2009).

Late embryonic loss may occur from day 25 to 40 after Al due to the failure in attachment of the
developing placenta to the uterine wall. This is due to lack of connection of the placental
cotyledons to the uterine caruncles of the endometrium that transfer gasses, nutrients and waste
products between the uterus and developing calf (Perry, 1981). Sreenan and Diskin, (1986)
reported an early embryonic loss of 38% occurring between days 15 to 18 after fertilization while
foetal death occurs at a rate of 5 to 8% among dairy cows. However, these later losses are more
serious than conception failure and early embryonic death because more time is lost during the
period of pregnancy which is subsequently wasted and it takes time to re-establish cyclicity
(Santos, et al., 2009; Sartori, et al., 2006). The simplest method of establishing embryonic loss is
the observation of return to estrus or the subsequent drop in progesterone levels more than 25
days after insemination (Stevenson, et al., 2014). Progesterone supplementation can improve

survival rates of young embryos, especially in sub-fertile animals with lowered plasma
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progesterone concentrations; older cows are prone to this problem due to the reduced efficiency of
progesterone production by their corpora lutea (Cerr,i et al., 2009; Sreenan and Diskin, 1986).
Progesterone output from the corpus luteum is connected to energy balance and increased
secretion is associated with embryonic survival (Thatcher, et al., 2001)

Pregnancy specific protein B (PSPB) is produced during pregnancy by the binucleate cells of the
foetal trophoectoderm and may offer a means of positively identifying the presence of an early
conceptus (Humblot, 2001). It was found that blood concentration of PSPB increases gradually
during pregnancy, from day 15 to 35 to reach a peak of 2 to 3 ng/L and has a prediction of up to
90% and 99.5% for non-pregnancy. Cows carrying twins had significantly higher concentrations
of PSPB, 40 days after ovulation and are a good indicator of foetal wellbeing (Humblot, 2001).
Green and Roberts (2006) demonstrated a relationship between foetal growth and plasma PSPB

increases.

2.5  Effects of Nutrition on Reproduction

2.5.1 Partitioning of Nutrients to Support Reproduction

Homeorhesis is the coordinated control of metabolism in support of a dominant developmental or
physiological process (Bauman and Currie, 1980) while homeostasis is a multiplex compensatory

mechanism to maintain physiological equilibrium (controls functions to preserve steady state).

Homeorhetic mechanisms involve the alterations in tissue response to homeostatic controls
(Bauman and Curie, 1980). The proposed mechanism include; altered release and /or clearance of
a homeostatic signal; changing blood flow to an organ; altered sensitivity of a tissue via receptor
numbers and/ or binding affinity and altered tissue responsiveness to a homeostatic signal via
changes in the intercellular signal transduction system (2" messenger, amounts and activation of
enzymes) (Bauman and Curie, 1980). These homeorhetic controls cause the direct partitioning of
nutrients appropriate for a particular physiological state yet still allows acute regulation to

preserve steady state.

Onset of lactation and re-establishment of postpartum estrus cycles are energy-competing

processes, with lactation having a greater priority for dietary nutrients and body reserves resulting
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in prolonged postpartum anestrus through homeorhetic controls. Feed intake at this time is
insufficient to provide all nutrients necessary for milk synthesis and initiation of cyclicity
(Bauman and Curie, 1980). Insulin is a key homeostatic agent involved in the regulation of both
glucose utilization (stimulatory) and production (inhibitory). Fat mobilization during late
pregnancy is facilitated by the decreased ability of insulin to promote lipogenesis and oppose
lipolysis. The suppression of lipogenesis at onset of lactation is associated with low levels of

plasma insulin (McNamara, 1988).

NEFA increase just before parturition and at the onset of lactation due to massive adipose tissue
mobilization, and decreases as lactation advances and NEB decreases (Danshea, et al. 1989;
Wathes, et al., 2007). This is because of the increased nutrient requirements to support lactation
which may not be met by sufficient nutrient intake therefore causing mobilization of stored body
fat reserves. NEFA entry rate into the circulatory system is a representation of adipose tissue
mobilization, and thus body fat loss as a result of increased adrenergic stimulation of lipolysis.
Insulin plays a major role in the regulation of lipid metabolism in adipose tissue, stimulating
glucose uptake and activating enzymes associated with lipogenesis. Generally, lipid metabolism
shifts from storage of energy during the dry period to a substantial mobilization of energy
reserves during early lactation (Bauman and Curie, 1980). Prolactin and somatotropin have been

proposed as the homeorhetic controls responsible for these changes.

2.5.2 Effects of Under-nutrition on Reproduction

The period of transition between late pregnancy and early lactation presents an enormous
metabolic challenge in dairy cows. There is a dramatic increase in the requirements for nutrients,
notably glucose, amino acids and fatty acids that cannot be met by dietary intake (Butler, 2000).
Failure to adequately meet these challenges can result in major postpartum health and
performance problems. Therefore, strategies to facilitate this peri-parturient transition based on
quantity and quality of feeds required in supporting late conceptus growth and milk synthesis is

very crucial for the dairy enterprise (Leifers, et al., 2003).

To ensure sustainability of milk production and regular reproduction to supply herd replacements,
Robinson (1990) outlined the effects of underfeeding on puberty through parturition—to—
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rebreeding intervals and concluded that, although there was good evidence on the effects of
nutrition on blood metabolites, knowledge of the trigger mechanisms, necessary to activate the
various stages of the reproductive chain, are not well known. During periods of under nutrition,
ruminants should in general be provided with at least a third of their maintenance energy
requirement, otherwise lean tissue would excessively be used to provide glucose precursors
(Drskov, 1998). Under nutrition reduces colostrum production and in severe cases delays the
onset of lactogenesis. Maternal nutrition therefore, through its effects on foetal metabolism, foetal
growth and colostrum production plays a key role in neonatal viability (Robinson, 1990).
Nutrition is usually prioritized for maintenance, pregnancy, foetal growth, lactation, cow growth
and then body reserves respectively (Fricke, et al., 2014). A high rate of gluconeogenesis is
ensured in dairy cows during early lactation with increased lipid mobilization and fatty acid
oxidations in the liver by regulating metabolite transport across mitochondrial membranes.
However, in severely underfed animals, with excessive lipid mobilization and ketogenesis,

glucose synthesis is depressed (Danfaer, 1994).

In regions with defined dry and rainy seasons, the ideal time of insemination is determined by the
associated fluctuation in nutritional status (Lotthammer, 1991). Underfeeding during growth
delays puberty; while in late pregnancy delays the resumption of estrus after parturition; and
during the postpartum period reduces pregnancy rates (McClure, 1994). It was suggested that
energy is the major cause of under nutrition. Adequate levels of feed quantity and quality are
rarely available for smallholder dairy cattle in the tropics. Where it is available, they are deficient
in some nutrients and have low digestibility, which leads to low intake. This affects body
condition at calving and subsequent energy utilization which impacts on the length of the
postpartum anestrus period (Mukasa-Mugerwa, et al., 1997). Cows in better body condition
produce bigger calves, which grow faster, and although they lose weight in the first four months
of lactation their anestrus period and calving intervals are shorter than their thinner counterparts
(Mukasa-Mugerwa, et al., 1997).

Effects of nutrition can arise as a physiological condition in high-producing dairy cows where
physical capacity of the stomach limits the quantity of feed intake and as such, extractable

nutrients to meet nutrient demands. Animals subjected to under nutrition have several
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physiological mechanisms to cope with this situation. The main evidence of under nutrition is loss
in body weight and condition when animals are withdrawing energy from their tissues. In the first
place, body fat will be depleted resulting in increases in blood NEFA levels (Grimaud, et al.
1998).

2.5.3 Nutrient Balance and Follicular Development

There have been several studies on nutritional influence on body condition and its relationship to
fertility. This include ‘flushing’ before mating to improve fertility and onset of puberty in heifers
based on body size rather than age. In cycling heifers, severe restriction in energy intake can
induce nutritional anestrus when body weight decreases by more than 15% (Rhodes, et al., 1996).
This is through the effects on morphological and functional parameters of follicular development
such as size, growth rate and steroidogenic activity of the dominant follicles; however, the
mechanisms of these effects are not well understood (Rhodes, et al., 1996). In postpartum dairy
cows, extent of negative energy balance and diets with different energy contents has significant
impact on population of ovarian follicles and functional competence of the dominant follicle
(Gong, et al., 2002).

Metabolic hormones, as nutritional signals exert a direct effect at the ovarian level. This is
because profiles of hormones such as insulin and IGF-1 are closely associated with nutritionally
induced alterations in body energy and protein balance (Pell and Bates, 2000). Ovulation may not
occur in animals with low dietary intake due to poor follicular growth which become atretic. Such
follicle wave turnover without ovulation has been reported in postpartum beef cows in poor body
condition (Stagg, et al., 1995). It has been reported that oocyte quality is affected by dietary
intake and the degree can be influenced by lactational and physiological state (Wiltbank, et al.,
2014)

Fat, protein, fat to protein ratio, urea versus kilograms of milk, and milk urea versus protein are
important parameters of nutrient balance (Heuer, et al., 1999). Milk fat concentration tends to
increase and milk protein concentration tends to decrease during postpartum negative energy
balance. The fat to protein ratio has been suggested as a potential indicator of lack of dietary

energy supply, and critical ratios identified to be between 1.35 and 1.5 (Grieve, et al., 1986).
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Cows with greater ratios than 1.5 were more at risk of getting mastitis, ovarian cysts and had

profound increased negative effects on fertility traits (Heuer, et al., 1999).

Milk urea nitrogen provides a rapid and non-invasive means of assessing the dynamics of blood
urea nitrogen that can be used to monitor overall protein metabolism in lactating dairy cattle
(Gustaffsson and Palmquist, 1993; Roseler, et al., 1993). Volatile fatty acids (VFA) are produced
through the fermentation process in the rumen to produce propionate, butyrate and acetate from
concentrate or roughage feed respectively. Roughage feeds prevalently producing acetate also
produce less circulating insulin compared to propionate producing concentrates which produce
relatively more insulin in plasma (Gong, et al., 2002). The high insulin diets advanced the first
ovulation postpartum and reduced the interval from calving to 1% service and conception and
reduced the number of services required per conception and increased conception rates to 1%
service (Gong, et al., 2002). This diet did not affect FSH and LH secretion suggesting a possible
direct effect at the ovarian level. Further, the diet did not affect milk yield, change of body weight
and body condition score. Monensin is an ionophore that changes rumen fermentation patterns so
that a higher proportion of rumen VVFA production is propionate. Feeding monensin has been used
to study the effects of energy metabolism on reproduction and associated hormone patterns (Short
and Adams, 1988). It was concluded that feeding cows with diets that increase circulating insulin

concentrations during early lactation improves reproductive performance.

Proteins in ruminants are mainly supplied by rumen microbes. Dietary protein can be degraded to
provide protein for microbes and the protein escaping microbial incorporation ends up as urea in
the circulatory system after detoxification of ammonia in the liver (Butler, 1998). Blood urea
nitrogen can be determined from plasma or serum and peaks 4 to 6 hours after feed intake (Butler,
1998). A measurement of blood and milk urea nitrogen has provided a useful index for
determining the association between metabolism of dietary protein and reproductive efficiency.
Conception rates decreased when serum urea nitrogen concentration exceeded 20mg/ per dl on the
day of insemination, indicating that excessive degradable protein in the diet contributed to
infertility (Butler, 1998). High urea levels are consistent with excess protein intake with
concomitant energy shortage and are associated with high levels of ammonia in the circulatory

system. High urea nitrogen in plasma and milk (>190 mg/L has been associated with decreased
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fertility in dairy cattle due to an altered uterine environment (Butler, et al., 1996). The rumen
undegradable protein (RUP) moves into the lower gut for further digestion. Diets that are high in
protein (17 to 19% CP) both support and stimulate high milk production in early lactation,
however, these levels can also prolong the interval from calving to first ovulation (Souza, et al.,
2014). This unusual outcome is due to reduced progesterone levels as a result of increased
metabolic clearance rates in the liver (Sangstritavong, et al., 2002). The ability to produce and
maintain optimum levels of progesterone concentrations is important for fertility due to the effects
of progesterone in the estrus cycle (Butler, 2000).

Increased milk yield in cows depends on high levels of dietary protein and energy. Depending on
the protein quantity and composition, serum concentrations of progesterone may be lowered,
uterine environment altered and fertility decreased (Bridges, et al., 2014; Butler, 1998).
Metabolism and utilization of dietary protein depends on energy availability, the effects of
feeding high dietary protein superimposed on the preceding negative EB represents another
important interaction of nutrition on reproductive performance of dairy cattle (O’Callaghan and

Boland, 1999).

2.5.4 Nutritional Influences on Reproductive Hormones

Energy status is generally considered the most important nutritional factor that influences the
reproductive processes, with prolonged low energy intake impairing fertility (Boland, et al 2001).
In sheep, poor nutrition resulted in lowered ovulation rates which were associated with decreased
LH pulse due to inadequate hypothalamic secretion of GnRH (Rhind, et al., 1989). These
alterations in reproductive parameters were associated with lower plasma insulin and IGF-1
concentrations (Gong, et al., 2000; Block, et al., 2003). Long-term restriction to feed intake has
been shown to induce anestrus in cattle due to insufficient circulating LH but mode of action is
not well established (Rhodes, et al., 1996).

A lowered concentration of IGF-1 during negative energy balance reduces steroidogenesis, thus
preventing final follicle maturation and the production of LH surge-inducing concentrations of
estradiol. It has been established that IGF-1 is a potent stimulator of granulosa cell function,
including proliferative steroidogenic activity (Gong, et al, 1991). IGF-1 increases LH binding
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sites and enhances LH-induced production of progesterone. It can be concluded that negative
energy balance during the early weeks of lactation and a delayed EB nadir are associated with
longer intervals to first ovulation postpartum. Reduced concentration of IGF-1 and estradiol are
associated with this ovulation failure (Gong, et al., 2000).

The intake of high dietary CP results in elevated concentrations of ammonia and urea. These
metabolites are responsible for altering the luminal microenvironment of the uterus by raising the
pH which interferes with inductive effects of progesterone (Wiltbank, et al., 2006; Butler, 1998),
thus decreasing fertility. Progesterone suppresses the production of PGF,, but the presence of
urea significantly increases the secretion of PGF,, which interferes with embryo development and
viability (Butler, 1998).

Low progesterone post breeding can reduce fertility (Larson, et al., 1997). Progesterone profiles
could be used to select for the interval between calving and the start of luteal activity as early
establishment of ovarian activity is important for fertility (Darwash, et al., 1997). Steroids are
selectively stored in fat, and any dietary effect that results in fat mobilization will result in the
release of stored progesterone. This may account for the increased progesterone evident in
animals on low dietary intakes. Increased concentration of progesterone during the luteal phase
before and after breeding have been associated with higher pregnancy rates (Butler, et al., 1996).
The rapid improvement of body condition has been associated with an increased ovulation rate
and liter size and this alteration is related to the ability of nutrition to increase the cell entry rate of
glucose. This effect improves follicle recruitment and growth characteristics (Downing, et al.,
1995). Leptin, a peptide secreted by white adipocytes, plays a significant role in regulation of
body weight and food intake and has recently been implicated in the interaction between nutrition
and fertility (Cunningham, et al., 1999). Leptin acts as an appetite transducer and as a satiety
factor. Thus, it may be speculated that dairy cows overfed during the dry period have reduced
feed intake during early lactation, these effects are mediated by increased leptin concentrations
(Boland, et al., 2001). According to Schwartz et al., (1996), increasing leptin in circulation,
decreased mMRNA for neuropeptide—Y (which stimulates feed intake), and increased mRNA for

corticotrophin releasing hormone (an inhibitor of feed intake). Thus, leptin may act as a general
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modulator of reproduction by regulating appetite and feed intake and also having direct effects on

the reproductive axis, largely by central inhibition of neuropeptide-Y.

2.6 Energy Balance during Early Lactation

The cow must adapt to the increased demand for nutrients by the mammary glands because of
onset of lactogenosis (Bauman and Currie, 1980). During late gestation, the foeto-placental unit is
a major nutrient consumer and after parturition the mammary glands become the major
consumers. Thus, an energy prioritization is manifested that places nutrient use for growth and
milk secretion than that of onset of the estrus cycle (Short and Adams, 1989). Cows that consume
less dry matter (DM) have delayed 1* ovulation and 1% estrus, produce less milk and are less
fertile (Staples, et al., 1990). The severity and duration of negative EB is primarily related to dry
mater intake, which in turn, is related to body condition at calving. The energy balance during the
first 3 to 4 weeks postpartum is highly correlated with days to first ovulation (Butler, 2000;
Santos, et al., 2009). The length of the postpartum interval to first ovulation represents an
important interaction between energy status and reproductive performance. Components of

energy balance include, milk production, composition and dry matter intake (Patton, et al., 2007).

Parturition results in an abrupt shift in metabolic demands from nutrient accrual (body reserves
and fetal mass) to rapid mobilization of lipid and protein stores in support of increased
lactogenesis (Bauman and Currie, 1980). The stimulation of appetite to ensure adequate DM
intake in normal healthy cows is essential to provide nutrients for maximizing milk secretion,
follicular growth, ovulation, uterine involution and initiation of pregnancy. However, due to the
increased energy requirements, lactating dairy cows experience a postpartum negative energy
balance that reaches its nadir during the 1% or 2" week after calving (Roche, et al., 2000). The
timing of the nadir has been implicated in the timing of the first ovulation which occurs about 30
days postpartum with a range of 17 to 42 days (Butler, 2000). The severity and duration of the
negative EB is related to DMI (Staples, 1990). The degree of negative energy balance in the early
postpartum period and the recovery rate from the negative energy balance are critical for health
status and productivity of the cow manifested by the occurrence of ketosis, delayed ovarian
cyclicity and low conception rates (Butler and Smith, 1989). The 1% owvulation occurs

approximately 10 tol5 days after the nadir of energy balance (Zurek, et al., 1995). In early
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lactation, at peak milk production, metabolic demands are enormous and major amounts of
nutrients are required for mammary synthesis of lactose, protein and triglycerides that cannot be
met by dietary intake (Bell, 1995). Nevertheless, dairy cows with high DM intake, despite having
a negative energy balance, produced more milk, lost less body weight and ovulated earlier

postpartum than those with low intake (Staples, et al., 1990; Zurek, 1995).

Even with good intake, lactating cows remain in negative energy balance until 6 to 10 weeks after
calving (Stevenson, et al., 1997) which has been associated with prolonged intervals to first
ovulation. Despite the negative EB, intake of energy rather than feed capacity may limit dry
matter intake. Energy balance has been shown to be positively correlated with insulin and
negatively correlated with NEFA during the first 6 weeks postpartum (Beam and Butler, 1998).
However, the number of days to first ovulation was correlated with energy balance and fat

corrected milk production (Santos, et al., 2009).

Over conditioned cows at calving will undergo increased mobilization of body fat and accumulate
more triacylglycerol in the liver that are associated with longer intervals to first ovulation and
reduced fertility (Butler and Smith, 1989; Rukkwamsuk, et al., 1999). The negative EB represents
a physiological state of under-nutrition which impairs LH secretion and reduces ovarian
responsiveness to LH stimulation thereby deterring ovulation (Beam and Butler, 1998). This is
further supported by observations that follicles developing after the energy balance nadir
exhibited greater growth and bigger diameters, enhanced estradiol production, and were more

likely to be ovulated than those developing before the nadir (Beam and Butler, 1998).

Both plasma concentrations of glucose and insulin are reduced in cows with negative EB and
plasma IGF-1 is directly related to energy status and is critical to ovarian follicular development
with ovulating cows having 40 to 50% higher levels of circulating IGF-1 than their non-ovulating
contemporaries (Beam and Butler, 1998). Furthermore, plasma estradiol concentrations were
highly correlated with plasma IGF-1 levels. During the early negative EB period, the ability of
follicles to produce sufficient estradiol for ovulation seems to depend on the availability of serum

insulin and IGF-1concentrations (Beam and Butler, 1998).
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Various metabolic and endocrine blood and milk traits such as NEFA, insulin, ketone bodies,
IGF-1(Lucy et al., 1992), milk fat, protein, lactose, fat: protein ratio and fat: lactose ratio (Heuer,
et al., 2000) have been shown to be related to EB. Therefore, assessment of blood and milk traits
may have practical potential in promoting health and productivity of dairy herds by monitoring
the nutritional status at the herd level (Reist, et al 2003). The EB can be calculated from energy
corrected milk yield (ECM), net energy of lactation (NE_) and bodyweight (BW) using formulae
developed by Reist, et al., (2003) and Beam and Butler (1998). It was found that the interval to
EB nadir was shorter for cows with ovulatory follicles compared to the un-ovulating cows, 7.4
days compared to 16.2 days from calving respectively (Beam and Butler, 1998).

Maintaining adequate body condition and DM intake and balancing diets for cows that are
consuming more than 4% of their body weight in daily DM intake are challenges (Chase, 1993).
Milk production and DM intake are stimulated by increased dietary protein, but, unfortunately,
decreased fertility often is associated with excessive feeding of ruminaly degradable protein
(RDP) as assessed by elevated blood or milk concentration of urea (Butler, 1998). Concentration
of milk urea N exceeding 19 mg/dl is associated with altered uterine pH and reduced fertility
(Butler, 1998).
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CHAPTER THREE
3.0 MATERIALS AND METHODS
3.1  Study Site

This study was conducted at Kenya Agriculture and Livestock Research Organization (KALRO),
Beef Research Institute, Lanet which is situated in agro- ecological zones 3 and 4 (Pratt and
Gwynne, 1977), lying at an altitude of 1600 metres above sea level with a bimodal rainfall pattern
averaging 800 mm annually with a relative humidity of 83%. The institute has relatively good quality
pastures comprising mainly of planted Elmba rhodes grass interspersed with natural Themeda

triandra and star grass (Cynodon dactaylon).

3.2  Experimental Cows

Forty multiparous healthy in-calf cows that were in their third trimester of gestation were selected
for this experiment. These cows comprised of 20 Friesians obtained from KALRO, Beef Research
Institute, formerly KARI, Lanet Research Centre while 20 Sahiwals were obtained from KALRO,
Dairy Research Institute, formerly KARI, Naivasha Research Centre. All the experimental cows
were centrally managed at KARI-Lanet Research Centre. The selection was based on relative

within breed, weights, parity and pregnancy status.

Upon calving, four cows of each breed were randomly assigned to each of the five dietary
treatments of supplementary concentrate dairy meal at the rate of 0, 1, 2, 3, and 4 kgs per cow fed
in two portions per day. The cows were allowed a 7 days adaptation period on their respective
concentrate diets and during this period, the calves were allowed to suckle colostrum. Data and
observations were collected from these cows for 6 months after calving. At the Lanet Centre,
experimental cows were grazed together on pasture leys of predominantly Elmba rhodes grass for
approximately 7 hours per day and supplemented twice daily during the morning and afternoon
milking. Mineral licks and water were provided ad libitum for all the experimental cows. The
cows were dewormed at the start of the experiment and dipped once a week to control
ectoparasites, while routine veterinary care was carried out as the need arose. Figure 1 illustrates
the hypothesized interactions between nutritional intervention with metabolites, hormonal

profiles, production and reproductive parameters observed in this study.
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Figure 1. Model of Observations for Experimental Cows

3.3  Determining Feed Nutritional Composition

The pastures were sampled monthly from the grazing fields. This was done by randomly throwing
a 1m? quadrant diagonally across the field and the swath within the quadrant was cut using a
sickle. After mixing the various quadrant swaths, a sub sample from the mixture was picked in
duplicate then prepared for laboratory analysis. The forage and concentrate samples were oven
dried at 105°C for 12 hours after which NDF, ADF and ADL were determined using the Van
Soest method while DM and CP were determined by AOAC method (1995). The muffle furnace
was used to determine the ash content of the feeds.

3.4  Determination of Body Weight and Scores, Milk Yield and Composition

3.4.1 Body Weight and Body Condition Scores

Upon calving and assignment to their respective dietary groups, the cow and calf were weighed
using a weighing scale and the cow body condition scores determined by the same operator using
a point scale of 1 to 5 (1= emaciated and 5= extremely fat) as described by Lowman et al., (1976).
The cow weights and body condition scores were subsequently measured biweekly for a period of
six months postpartum. Other cow parameters observed included, date of calving, cow age in
months, and parities, which were categorized into 3 classes: 1% and 2"; 3 and 4™; and above 5"
parities were denoted as A, B, and C respectively.
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3.4.2 Milk Yield and Composition

After parturition, the calf was allowed to suck colostrum for one week after which daily milk
yield was recorded for the morning and afternoon milking which was summed up for the week for
each cow. Milk recording continued daily until the yield was 30% of the peak milk lactation
(Mech, et al., 2008) when the cow was considered to be dry. Lactation curves were then derived
from the weekly milk production levels using 3 degree polynomial regression equations for the
lactation period.

Homogenized 20 ml milk samples were collected in duplicate into well labeled plastic tubes once
a week from each cow for the morning and afternoon milk. The milk samples were then analyzed
immediately to determine milk components and characteristics which included percent butter fat
(% BF), protein (% P), solids not fat (%SNF), density and freezing point which were measured by
infrared spectroscopy (Tietz, 1986) using a machine known as Ecomilk™., Percentage milk fat

was divided by % P and % SNF to get two other derived milk parameters for data analysis.

3.5  Blood Sampling

Blood samples were collected weekly (20 ml) from each experimental cow via jugular
venipuncture using well labeled tubes containing ethylene diamine tetra-acetate (EDTA) at the
rate of 1.8mg/ml as an anticoagulant. The blood samples were then stored in ice until when
processed. The blood was centrifuged for 15 minutes at 1600 revolutions per minute to separate
the plasma from the solid blood components. The plasma was then pipetted into labeled 2mi
plastic vials and stored at -20°C after which the concentration of nutritional metabolites and
hormones were determined. The separate vials containing plasma were assayed in duplicates
using commercial kits for Glucose, NEFA, Urea and Albumin using a spectrophotometer
calibrated at various wavelengths as specified by the kits for their respective measurements.

Concentrations of progesterone and IGF-1 were measured by radioimmunoassay (RIA) using
2|0dine as the tracer with bench protocols supplied by IAEA (FAO/IAEA, 1999). Progesterone
measurements were used to determine commencement of luteal activity postpartum, early and late

embryonic loss, pregnancy diagnosis and other reproductive disorders.
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3.6 Determination of Nutritional Metabolites

3.6.1 Determination of Plasma Urea

The Jung method was used to measure urea concentration utilizing a chromogenic reagent that
forms a colored complex specifically with urea (Jung, 1975). The intensity of the colour,
measured at an absorbance of wavelength 520nm, is directly proportional to the urea
concentration in the sample. Urea in the sample forms a coloured complex that can be measured

by a spectrophotometer as described below.
Urea + H,0 —r€35€_oN,1CO,

_ Nitroprusside ]
NH,+salicylate + Naclo »Indophénol (chromogen)

The optimized formulation substantially reduces interference by substances in the raw sample.

The procedure involves the addition of a single stable working reagent and incubation for 30
minutes for both cuvette and 96 well plate assays. No pretreatment is required and assays can be
performed directly on raw biological samples i.e. in the presence of lipid and protein. The direct

assays can be done in serum, plasma urine, and milk and cell tissue cultures.

The kit contains 50ml of reagent A comprising of Sodium salicylate 62mmol/L, sodium
nitroprusside 3,4mmol/L, phosphate buffer 20mmol/L and Urease >500 U/mL while reagent B is
made up of Sodium hypochlorite 7mmol/L and sodium hydroxide 150mmol/L also supplied with
the kit is the urea standard of concentration 50mg/dl. The kits were stored at 2-8°C while for long

term storage they were stored at -20°C.

Reagents A and B were combined in equal volumes of 50 ml each and equilibrated to room
temperature thus making a working solution of 100ml and gently mixed. Plasma samples were
assayed directly by transferring 200uL of plasma and 1000uL of working solution (reagent A and
B) into assay tubes which were allowed to incubate for 30 minutes at room temperature. The
standard of 50mg/dl was diluted to have concentrations of 10, 20, 30, 40 and 50 mg/dl and mixed
with 1000ul of working solution and incubated for 30 minutes. The formulated standards and

samples were then placed into cuvettes.

28



The spectrophotometer was calibrated with a blank of distilled water and the absorbance of
optical density at wavelength 520nm was read off the LCD scale. The optical densities of the
standards were determined and calibration curves for absorbance (optical density) versus urea
concentration were developed for the two assays (Figure2). These curves were then used to
determine urea concentrations from the plasma samples after their optical densities were read

from the spectrophotometer.
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Figure 2. Standard Curve for Urea Concentration

3.6.2 Determination of Plasma Albumin Levels

Direct procedures using kits for measuring albumin in biological fluids without pretreatment have
been developed. The method utilizes bromocresol purple that forms a coloured complex
specifically with albumin. The intensity of the colour, measured at an optical density of 610nm, is
directly proportional to the albumin concentration in the sample. The kit comprises of 50ml of the
colour complexing reagent and albumin standard 2 ml of 5g/dl bovine serum albumin stored at -
20°C (Quantichrom™ BCP Albumin Assay Kit, DIAP-250). The standard was diluted using
distilled water and 60uL of each dilution point was gently mixed with 1000ul of working reagent
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and incubated for 5 minutes at room temperature before transferring contents to cuvettes and
reading the respective optical densities at 610nm after which a calibration curve was developed.
To determine albumin concentration in the samples, 60uL of sample was transferred into labeled
tubes and 1000pL of working reagent added and incubated for 5 minutes. The samples optical
density was read at 610nm after which the observed absorbance was read off the standard curve to

determine albumin concentration (Figure 3).
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Figure 3. Standard Curve for Albumin Concentration
3.6.3 Determination of Plasma Non-Esterified Fatty Acid

Non-Esterified Fatty Acids (NEFA) levels in plasma are used as an important energy source in
peripheral tissues. The amount of NEFA in plasma is dependent on a balance between intake in
the liver and peripheral tissues, and its release from adipose tissues. The amount of NEFA
decreases due to physical exercise, starvation, cold and fear. The current Kit utilizes an in-vitro
enzymatic colorimetric method for the quantification of non-esterified (or free) fatty acids in
plasma. NEFA in plasma sample is converted to Acyl-CoA, AMP and pyrophosphoric acid (PP)
by the actions of Acyl-CoA synthatase (ACS) under coexistence with CoA and ATP. Obtained
Acyl-CoA is oxidized and yields Enoyl-CoA and hydrogen peroxide by the action of Acyl-CoA
oxidase (ACOD). In the presence of the peroxidase (POD) the hydrogen peroxide formed yields a
blue-purple pigment by quantitative oxidation of MEHA. The NEFA concentration was
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determined by measuring the absorbance of the purple coloration. The principle of the test using
the ACS-ACOD-MEHA Wako method is as follows:-

RCOOH(NEFA) + ATP + CoA-SH —2%°___, Acyl-CoA +AMP + PPi

Acyl-CoA + O, AP » 2, 3-Trans-Enoyl-CoA +H,0,

2H,0,+4-Aminophenazone+tMEHA ——»Quinoneimine-colour + 4H,0

ACS: Acyl-CoA-Synthetase

ACOD: Ascorbate Oxidase

CoA: Coenzyme A

ATP: Adenosine Triphosphate

MEHA: 3-Methyl-N-Ethyl-N-(B hydroxyethyl) Aniline
PPi: Pyrophosphoric acid

The intensity of the red pigmentation is proportional to the concentration of free fatty acids in the
sample. Ascorbic acid is removed by ascorbate oxidase from the sample.10ml of colour reagent
solution A was used to dissolve colour reagent A while 20ml of colour reagent solution B was
used to dissolve colour reagent B at room temperature (Table 1).The sample was also prepared
and the spectrophotometer wavelength reading set at 550nm and calibrated with distilled water.

Table 1. The Sample and Colour Reagent A Pipetted into Labeled Cuvettes

Reagent Blank Standard Sample
NEFA Standard - 20ul -
Sample - - 20yl
Color Reagent (A) 0.5ml 0.5ml 0.5ml
Reagent (B) 1.0ml 1.0ml 1.0ml

The cuvettes were thoroughly mixed and incubated for 15 minutes at room temperature (22°C)
after which the colour reagent (A) was added and thereafter colour reagent (B) was pipetted into
these cuvettes which were vortexed and incubated for another 15 minutes at room temperature.
The absorbance of the standard and the samples were read at 550nm against the blank. The

sample blank was used to correct for strongly lipaemic or haemolytic samples. The following
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formular was used to calculate the concentration of free fatty acids in the plasma samples as

indicated below.

Free Fatty Acids (mg/dL) = Absorbance of sample x Concentration of Standard (mg/dL)
Absorbance of Standard

Concentration of the standard provided with the kit was Immol/L and the conversion factor to
mg/dl is Immol/L x28.2 = 1mg/dL

3.6.4 Determination of Plasma Glucose

Carbohydrates supply the body with glucose which is the most important monosaccharide in the
blood. Glucose (CgH1206) is an indispensable energy supplier which supports cellular function. It
is oxidized through a series of enzyme-catalyzed reactions to form carbon dioxide and water,
yielding the universal energy molecule Adenosine Triphosphate (ATP), through a process known
as glycolysis. Due to its importance in metabolism, glucose level is a diagnostic parameter for
many metabolic disorders. The plasma glucose concentration was assayed calorimetrically using

commercial kits (Glucose Hexokinase method, mti diagnostics GmbH™)

Sample and colouring solution were mixed and incubated for 5 minutes at room temperature (20-

25°C) and the absorbance was read on the spectrophotometer.

HK
Glucose + ATP » Glucose-6-Phosphate + ADP
Hexose Kinase (HK) catalyses the phosphorylation of glucose to glucose-6-phosphate (G-6-P) by
ATP.

G-6-PDH
Glucose-6-phosphate + NADP »  Gluconate-6-P+ NADPH+ H*

Glucose-6-phosphate dehydrogenase (G-6-PDH) oxidizes glucose-6-phosphate in the presence of
nicotinamide-adenine dinucleotide phosphate (NADP) to gluconate-6-phosphate. No other
carbohydrate is oxidized. The rate of NADPH formation during the reaction is directly

proportional to the glucose concentration and can be measured photometrically.
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The glucose hexokinase fluid kits have been designed to measure glucose directly in plasma
without pre-treatment and are a quantitative colorimetric glucose determinant. The improved o-
toluidine method utilizes a specific colour reaction with glucose. The absorbance at 340nm is
directly proportional to glucose concentration in the sample when the spectrophotometer is placed

at factor 1 reading of 284.

The procedure involved the addition of 1000ul of coloring regent to 10pl of sample which were
incubated at room temperature (22°C) for 5 minutes. The glucose concentration was then read

directly in mg/dl from the spectrophotometer.

3.7 Determination of Hormonal Profiles

3.7.1 Determination of Plasma Progesterone

Plasma progesterone (P4) profiling is a simple and reliable method for detection of ovulation
(Fricke, et al., 2014) and tracking of reproductive events in dairy cows (Lamming and Bulman,
1976). Progesterone, which is present in most body fluids, can be measured more effectively in
plasma or milk using the “self-coating” or the Coat-A-Count® progesterone procedure which is a
solid phase radioimmunoassay, whereby **lodine labeled progesterone competes for a fixed time
with progesterone in the sample for antibody sites. Because the antibody is immobilized to the
wall of the polypropylene tube, simply decanting the supernatant suffices to terminate the
competition and to isolate the antibody-bound fraction of the radio-labeled progesterone.
Counting the tube in a gamma counter yields a number, which converts by way of a calibration
curve to a measure of progesterone present in the sample. The advantage of this procedure is that
there is no extraction or pre dilution as required by the other methods.

The kit for the Coat-A-Count® procedure consists of progesterone antibody coated polypropylene
tubes coated with rabbit antibody to progesterone, **I iodinated progesterone packed in 105ml
which are both stored at 2-8°C and plain polypropylene tubes (12x75mm). Seven progesterone
calibration vials representing 0, 0.1, 0.5, 2, 10, 20 and 40 nanograms per milliliter (ng/ml) which
is equivalent to 0, 0.3, 1.6, 6.4, 31.8, 63.6 and 127.2 nanomoles per liter (hm/L). Conversion
factor is ng/ml X 3.18 = nmol/L. Other requirements are foam decanting racks, logit-log graph

paper and a serum-based immunoassay control.
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For each assay the frozen plasma samples were allowed to attain room temperature before
assaying and mixed by a gentle swirl to allow homogeneity. Four plain tubes were labeled in
duplicate as T (total count) and NSB (non-specific binding). Fourteen progesterone antibody
coated tubes were labeled A through to G in duplicate for the calibrators or standards which were
used to draw the standard curve from which the unknown samples were extrapolated to determine

progesterone concentration.

One hundred pL of the zero calibrator A were pipetted into the NSB and A tubes (maximum
binding), and 100uL of the calibrators B through to G into correspondingly labeled tubes.
Another 100uL were pipetted into the control and well labeled plasma sample tubes. One ml of
23| progesterone was added to every tube and vortexed for 5 seconds and allowed to incubate for
1 hour in a water bath at 37°C. These tubes were then decanted thoroughly allowing all liquid to
drain completely after which the tubes were subjected to y radiation count for 1 minute in a single

well gamma counter.

The resulting counts per minute (CPM) for each tube were used to obtain the progesterone
concentration from the logit-log representation of the calibration curve. First the NSB counts per
minute were determined to allow for the calculation of net counts for each pair of tubes: Net
counts = CPM —-NSB counts. The binding of each pair of tubes as a percentage of maximum
binding was then determined; the % Bound = Net Counts/Max binding Counts * 100. Using a 3-
cycle semi-logarithmic graph paper, the progesterone calibrators percentage bound was plotted on
the vertical (probability) axis against concentration on the horizontal (logarithmic) axis for each
of the non-zero calibrators and a straight line was drawn approximating the path of these points
(Figure 4). The results for the unknown samples were then read from the line by interpolation.

T = (Total Counts per minute) for the tracer
%NSB = (Average NSB counts/Total Counts)*100
%MB = (Net Counts/Total Counts)*100

For quality control the intrassay (within assay) coefficient of variation (CV) was determined to

assess precision and was done by analyzing a number of samples multiple times and calculating
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the CV for each of the samples. The interassay or between assay variability is also important to
reflect the consistency of various assays giving similar results from the same animal between the
different assays.

Figure 4. Logarithmic Graph for Progesterone Standard Curve

3.7.2 Determination of Plasma IGF-1

The kit provided for IGF-1 has a pre-treatment step to improve the clinical performance of the
assay which is an acid-ethanol procedure (Daughaday and Rotwein, 1989). A fixed amount of
labeled **loidine somatomedin-C (IGF-1) competes with the IGF-1 in the sample or in the
calibrator for a fixed amount of antibody sites being immobilized to the wall of a polystyrene
tube. After an overnight incubation at 2-8°C, an aspiration step stops the competition reaction.
The tubes were then washed with 3ml of wash solution. A calibration curve was plotted for
known concentrations of IGF-1 supplied with the kit and concentrations of IGF-1 in the samples

were then determined by dose interpolation from the calibrated curve.
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In the pre-treatment step the sample and standard plastic tubes were labeled in duplicate and
100ul dispensed for each sample and standard after which 400l of pre-treatment solution was
added to each tube. The tubes were then shaken at 1200rpm for 30 minutes and thereafter
centrifuged for 10 minutes at 1500g and 100ul of supernatant was transferred to fresh labeled
tubes in which 600ul of neutralization solution was added and vortexed. Coated tubes were
labeled in duplicate for each calibrator (Standard), sample and controls while for the
determination of Total Counts, two un-coated tubes were also labeled. In each tube, 100ul of
controls, sample and standard were dispensed into the respective tubes after which 500ul of
210dine was dispensed into all the tubes including the uncoated ones for total counts. The tubes
were shaken in their racks and incubated overnight at 2-8°C. The contents of the tubes were
aspirated (decanted) and washed with 3ml of working wash solution and then the gamma

radiations from the tubes were counted in a gamma counter for 60 seconds.

The mean of duplicate count determinations were calculated and the bound radioactivity as a
percentage of the binding determined at the zero calibrator point according to the following

formula.

B/By (%) = Counts (calibrator or Sample) X 100
Counts (Zero Calibrator)

Using a 3cycle semi-logarithmic graph paper B/By (%) values were plotted for each calibrator
point as a function of the IGF-1 concentrations (Figure 5). By interpolation of the sample B/Bg
(%) values, the concentration of IGF-1 in the sample were determined from the calibration curve
(Figure 5). The concentrations read on the calibration curve were multiplied by 35 because of the
dilution factor during the pre-treatment phase to get the actual concentration of IGF-1 in the

plasma samples.
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Figure 5. Logarithmic Graph for IGF-1 Standard Curve

3.8 Measuring Reproductive Performance

After parturition, the cows were visually observed for behavioral signs of estrus, with
observations carried out by the day livestock handlers and the milkers during the morning and
afternoon milking. The cows were served using artificial insemination upon exhibiting
appropriate standing heat and clear mucous discharge from the vulva. Cows observed on heat in
the morning were served in the afternoon while those exhibiting heat in the later part of the
afternoon were served the following morning. The cows were inseminated up to the fourth time,
after which they were considered open, but this was to be confirmed with the progesterone
profiles to determine the actual reproductive status of each cow.

The recorded reproductive performance variables included, Days from calving to Commencement
of Luteal Activity (Dlac) as determined from the progesterone profiles (> 3ng/ml); Days to first
Insemination (Dins) postpartum and calving intervals (Cl). After insemination the cows were
monitored for return to heat and those returning were re-inseminated. Pregnancy diagnosis was

done by rectal palpation, 90 days after insemination (Ott, et al., 2014). Conception rates were
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determined by the number of cows bred that became pregnant during the study period divided by
the number of cows exposed to Al. Other reproductive parameters recorded included foetal loss
for inseminated cows that were confirmed having conceived but returned to heat later on or had
observed diminished progesterone levels after a sustained rise beyond 3ng/ml. After insemination
the cows were further divided into two categories comprising those that conceived and eventually
calved, and those that didn’t calve and their metabolic and hormonal profiles were examined to

determine associations between these profiles and the calving status.

3.9 Data Analysis

The original dataset was divided into two with variables being classified as single observation
point’s data and repeated time series data. This was to distinguish between observations taken
once per animal during the study phase and variables observed severally on the same animal

overtime in a longitudinal observation.

3.9.1 Single Data Measurement Statistical Analysis

The first analysis involved the assessment of effects of various factors on milk parameters of
yield, peak milk production and days to peak milk production and the reproductive performance
of experimental cows as detailed in the model below. The data was subjected to Analysis of
Variance (ANOVA) performed using the General Linear Model (GLM) procedure of SAS
program, release 8.2 (SAS, 2001). Simple mean separations were performed using the t-test with

p-values pegged at 0.05 significant levels. The models fitted for the single measures were:-

Yij = + bi + £+ (bt)ij + pe + A + &ijim

Where;

Yij Were the dependent observations of milk parameters (yield, peak milk production and days to
peak) and reproductive performance (Dlac, Dins and CI); while p, b, t, p and d represent the
overall mean, the fixed effects of breed, treatment (feeding levels), parity and BCS respectively,

while € was the residual error.
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3.9.2 Repeated Measures Variables Analysis

These were measurements made on the same animal over a period of time and are more likely to
be more correlated than those on different animals. For this analysis to be valid, the covariances
among repeated measures must be modeled using the proper covariance structure. The three most
commonly used covariance structures are, Compound Symmetry (CS), Unstructured (UN) and
Autoregressive order one [AR(1)] (Littell, et al., 1998).

The variables measured in this study included milk production, composition, metabolic and
hormonal parameters. The milk parameters included weekly milk production, % Butterfat (BF), %
Protein (P), % Solid Not Fat (SNF), Density (D) and Freezing Point (Fp) while metabolic
parameters were glucose, non-esterified fatty acids (NEFA), urea and albumin. The hormonal

observations were progesterone and insulin-like growth factor 1 (IGF-1).

ANOVA was carried out using the mixed model procedures of SAS program package release 8.2
(SAS, 2001) with repeated measures as described by Plaizer, et al., (2005). Milk production and
composition, metabolite and hormonal levels measured every week were the repeated factors
while the cow was the subject. The fixed effects of breed, feed, time (week) and their respective
interactions on milk parameters, nutritional metabolites and hormones were then determined

using the following model:-

Yijk|:|.,l+bi+tj+Wk+ btij+bWik+thk+b(t)j teij

Where;

Yij =Milk parameters, metabolic and hormonal variables, p=overall mean, bi=breed, tj=feed
levels, wi=week (time), bt and bw are interactions, b(t)j=breed effects nested within feed,
eij=residual error. The [AR(1)] covariance structure was used for urea, albumin NEFA,
progesterone and IGF-1while (US) was used for glucose. These were the structures which gave
the lowest Akaike’s Information Criterion (AIC) (Littell, et al., 1998) used in selecting the most

suitable structure for longitudinal data analysis.
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3.9.3 Principal Component Analysis

Principal component analysis is a statistical approach (Cattell, 1978) for removing redundant
information from correlated variables to represent the original variables with a smaller set of
derived variables called principal components. It is appropriate when a number of observed
variables are associated with one another, possibly because they are measuring the same construct
and which are used to identify groups of observed variables that tend to hang together
empirically. The variables that are closely correlated form the principal components, which may
be used as predictor variables in further analysis, thus forming a smaller number of artificial
variables (called principal components) that account for meaningful amount of variance for the
response variables. Empirically the number of components extracted in a principal component
analysis is equal to the number of observed variables analyzed. However, in most analyses, only
the first few components account for meaningful amounts of variance, and are retained for
interpretation and subsequent analyses, the remaining components account for trivial amounts of

variance and hence not included for further analysis.

Principal component analysis were performed on milk composition variables, metabolite and
hormonal variables to determine those closely correlated and therefore measuring similar
constructs that account for most of the variance in the observed variables.

3.9.4 Multiple Regression Analysis

Multiple linear regression models were developed for the hormones of progesterone and IGF-1 as
response variables while the metabolites of glucose, NEFA, urea, and albumin were the
explanatory variables. These were to determine the influence of metabolites on the hormonal

profiles.

Yi=a+2biXitei
Where;
Yi were hormonal variables, o=intercept, bj=regression coefficients, Xj;=metabolites (glucose,

NEFA, urea, albumin) and g;=residual error
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3.9.5 Logistic Regression Analysis

A stepwise logistic regression was fitted with the response variable being progesterone
concentration of cows categorized as those having mean P, levels above 3ng/ml while the other
category comprised of cows whose level of P, were below 3ng/ml. Breed and feeding levels were
included in the model to determine their effects on the P, category, while metabolites were nested
within feeding levels. The stepwise regression retained breed and feeding levels nested within
NEFA and albumin in the model respectively. The rest of the variables were eliminated because
their inclusion did not significantly improve the model. This model was to predict the probability
of metabolite concentration influence given the various feeding levels on plasma progesterone
concentration, which may have a bearing on reproductive performance. The model developed was

as indicated.

Yi=a + bi + NEFA (l‘)ij + Albumin (t)i + Eijk

Where;

Yiwere the two categories of progesterone levels to luteal activity; with a, b representing the
intercept and effects of breed while NEFA and albumin nested within feed (t) and ¢ the residual

error.

Pearsons linear correlation coefficients were used to determine the associations between milk

parameters, metabolites, hormones and reproductive performance.
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CHAPTER FOUR
4.0 RESULTS AND DISCUSSION

41 Nutritive Value of Feeds

The nutritional composition of forage and concentrates fed to experimental cows are summarized
in Table 2. These values were similar to those reported by Smith, et al. (2006) in Ethiopia and
Irungu and Mbugua (1998) in Kenya. They reported a mean crude protein of 15.8% and 8.3%,
while crude fibre was 9.6% and 32.3% for dairy meal and pasture respectively. High values for
NDF as indicated below reflect the good pastures used, and were suitable in enhancing rumen
function (Russel, et al. 1992).

Table 2. MeanzSD of Nutritional Values for Forage and Concentrate Fed to Cows

Nutritional Component Forage (%) Concentrate (%)
Dry Matter 36.8+2.5 89.4+3.7

Crude Protein 4.7+2.2 16.8+1.1
Neutral Detergent Fiber ~ 41.7+6.7 45.7£9.5

Acid Detergent Fiber 42.6+2.5 22.4+4.9

Acid Detergent Lignin 4.7£1.6 3.1+0.6

Ash 8.9+1.3 9.42+2.1

4.2 Changes in Body Weight and Condition on Reproductive Performance

The mean age and weights of cows and their calves at commencement of the experiment are
presented in Table 3. The Sahiwals were much older (p<0.05) while Friesians were heavier
(p<0.05) at commencement of the experiment. The mean calf weights for the two breeds were
significantly different (p<0.05) and as a proportion of cow weight at calving were higher in
Friesian (6%) than in Sahiwals (5%) respectively. The Friesian calf weights in this study were
lower than the mean of 32.7kgs reported by Irungu and Mbugua, (1998). The mean age at first
calving for cows in this study showed that Sahiwals averaged 48 months (Table 3) which
occurred much later than 44 months reported by llatsia, et al., (2007), while that of Friesians was

similar to 39.2+7.5 months reported by Tadesse, et al., (2010) in the highlands of Ethiopia.
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Table 3. Mean £ SD of Age and Weight of Cows

N  Age at First *Age of Weight at Calf Birth
Calving (Months)  Cows Calving (kg)  Weight (KQg)
(Months)
Friesian 16  37.3+5.6° 75.4+22.8°% 442.2+47.9°  26.6+4.2°
Sahiwal 17 48.5%5.5° 102.4420.9°  385.7423.6°  19.2+3.1°
All Cows 33 43.1+7.9 89.3+£25.2 413.2+46.6 22.8%5.2

0 Different superscripts within column are significant P<0.05

*Age of cows at commencement of the experiment

Table 4 presents body weight and condition scores at commencement of luteal activity and at
insemination for Sahiwal and Friesian cows. Though both breeds had comparable body weight
loss from calving to commencement of luteal activity, (27 vs. 26 kg equivalent to 6% and 7% of
weight at calving), Sahiwal had a higher (p<0.05) average daily weight loss (0.64 kg vs. 0.38
kg/day). This difference is due to the shorter number of days to get to luteal activity by the
Sahiwals compared to the Friesians. The mean body weight loss for both breeds from calving to
commencement of luteal activity averaged 0.53kg which is similar to the findings of Gutierrez, et
al., (2006) who reported a weight change of 0.56kg per day after parturition in Friesian cows.
However, at insemination the weight loss for Friesians reduced to 1.8% while for the Sahiwals
increased to 8% relative to weight at calving. This is an indication of differences in adaptation and
recovery rates for the two breeds associated with parturition due to the demand for nutrients for
milk production. These findings are much lower than the 10% weight loss, 20 days after
parturition of Holstein Friesians fed on pasture in New Zealand as reported by Clark, et al.,
(2005).

Table 4. Changes in Body Weight and Condition Scores at Commencement of Luteal
Activity and Insemination

Breed MeanzSE Live Weight (kg) Mean£SE Body Condition Scores
Calving Luteal At Insemination | Calving Luteal At
Activity Activity Insemination
Friesian  442+48 416447 434+27° 4.0+0.06*° 3.6+0.08, 3.5+0.05%
Sahiwal  385+24° 358+29"  351+21" 3.4+0.05° 3.3+0.04° 3.2+0.04°
All 41347 384147 377146 3.6x£0.06 3.4+0.06 3.3+£0.05

Superscript within column show significant differences p<0.05
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Figure 6 shows that Friesians lost weight rapidly and quickly recovered at time of insemination
while the weight loss for the Sahiwals was gradual and took longer to recover and is a reflection
of how the two breeds adapt to energy balance after parturition. The nadir for weight depression
occurred between weeks 5 and 7 postpartum and coincides with peak milk production. This may
be due to competition for nutrients between milk production and the accumulation of body
reserves in preparation for the next reproductive cycle. These findings are similar to those
reported by Banos, et al., (2006) who showed a cumulative energy balance decrease up to week 7
postpartum and increased thereafter during the recovery phase.
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Figure 6. Changes in Body Weight for Cows after Parturition

Body condition scores for both breeds were depressed up to week 6 postpartum (Figure 7) before
starting to recover. The mean loss in body condition for the two breeds shows that Sahiwals lost
less body condition at the two points than the Friesians (Table 4). This could be the reason
Sahiwals got into cyclicity and were inseminated earlier than the Friesians. Thus, body condition
scoring could be a better indicator of the cumulative energy balance of the cows postpartum than
body weight and agrees with the findings of Banos, et al., (2006). The nadir for body condition

loss in Sahiwals occurred during week 7 and recovered from this depression after week 16
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postpartum (Figure 7). Compared to Friesians, the BCS patterns are similar with nadir occurring at
week 6 and full recovery realized at week 15 postpartum (Figure 7). This is similar to the findings
of Chagas, et al., (2007) who reported a nadir for BCS at day 50 postpartum in Friesian cows.
The recovery phase continues after the nadir and luteal activity commences week 10, while
insemination occurs week 14 postpartum in Friesians. As for the Sahiwals, luteal activity
commenced at week 6 and insemination occurred week 10 postpartum. This shows that the threshold
for initiating luteal activity despite negative energy balance in Sahiwals is higher than for Friesian

and can be attributed to adaptation.

It was noted that insemination in both breeds occurred 4 weeks after commencement of luteal
activity and it can be concluded that body condition scores are a better indicator of the metabolic
energy balance for the two breeds than body weight changes postpartum under tropical
production systems. This agrees with the findings of Okantah, et al., (2005) who found that body
condition losses in Sanga cattle during early lactation led to extended anestrus and is a reflection of

negative energy balance (Roche, et al., 2007).
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Figure 7. Change in Body Condition Scores for Cows after Parturition
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First ovulation postpartum in dairy cows occurs some days after the nadir in energy balance
(Beam and Butler, 1998). Therefore, the longer it takes to reach the nadir in energy balance the
longer the delay to first ovulation postpartum. The main factor causing delayed ovulation
postpartum is low LH pulsatility (Butler, 2000). Moreover, altered LH pulsatility is linked to
nutritional changes. Wu, et al., (2013) showed that the direction of body weight changes affected
the pattern of LH secretion in heifers, with heifers gaining weight and condition having higher LH

pulse frequency than those losing weight, and thus inducing ovulation.

Heavier cows at calving take longer (P<0.05) to commence luteal activity (Table 5), but also have
shorter calving intervals. This could be due to increased feed intake resulting in increased blood
flow to the liver causing enhanced metabolism of progesterone due to increased metabolic
clearance rate of steroids (Sangstritavong, et al., 2002). The increased metabolic clearance rate of
steroids results in depressed levels of progesterone and estrogen that are useful hormones for
expression of estrus (Vasconcelos, et al., 2003). Older cows have reduced days to commencement
of luteal activity, this could be due to well-developed body reserves which do not therefore
compete for nutrients for lactation, and allowing for cyclicity to proceed early unlike in younger

cows where demands for nutrients for growth mitigate against reproduction.

Larger calves at calving result in delayed commencement of ovulation (Table 5). This could be
because of higher nutrient demands for foetal growth and preparation for lactation during the third
trimester leaving the dams in more NEB, thus impacting negatively on reproduction
(Sangstritavong, et al., 2002). Heavier cows also had shorter calving intervals and heavier calves
at birth, this is a reflection of condition and metabolic status of the cows implicating a favorable
energy status resulting in quick resumption of cyclicity and the foetus having adequate nutrients
to enhance growth in the uterus. The cow’s weight at commencement of luteal activity is closely
associated with the body condition score and this mirrors the metabolic status of the cow, this
agrees with the findings of Garnsworthy, (2007) who found a strong association of r’=0.82 and is

influenced by genetic merit.

Higher calf weights and better cow body condition at calving were negatively associated with
days to insemination, which indicated that cows with heavier calves and in better body condition
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were inseminated earlier than their counterparts (Table 5). Again, this is a reflection of a
favorable metabolic status of the cow to support foetal growth, and upon calving, recover quickly
from lactational nutrient demands. Good body condition at calving is essential for better calf
weights and subsequent reproductive performance. Calving interval (Cl) was negatively
associated with weight of cow at calving indicating that lower than normal weight at calving led
to prolonged calving intervals due to delayed commencement of cyclicity and more repeats before

conception, these findings agree with those reported by Chagas, et al, (2007).

Table 5. Linear Correlations of Reproductive Traits with Cow Parameters

Dlac Dins CI Wt Witlac Wtins AFC  Age Calfwt Cbon

Dlac 1 029 -0.21 0.37* 0.02 018 -014 -026 0.31* 0.14

Dins 1 -014 -0.07 -0.12 -005 -0.12 -0.13 -0.12 -0.5*
Cl 1 -047* -0.27 -0.25 -0.05 -0.02 -0.15 0.22
Wt 1 0.57* -0.54* -0.32 -0.34* 0.43* 0.24
Wtlac 1 0.72* -0.53* -0.48* 0.56* 0.55*
Wtins 1 -0.54 -0.49* 0.61* 0.51*
AFC 1 0.49* -0.49* -0.46*
Age 1 -0.35 -0.46*
Calfwt 1 0.58*
Cbon 1

*significant at p<0.05

There is a positive linear correlation (r=0.29) between days to commencement of luteal activity
and days to insemination (Table 5) which means that cows taking longer to commence luteal
activity also delay in showing heat signs for insemination. This means that phenotypically, the
interval to first service increases as the interval to commencement of luteal activity increases
(Royal, et al., 2002). Thus, it has been suggested that the interval from calving to commencement
of luteal activity be incorporated in a selection index as an indicator of reproductive efficiency
(Darwash, et al., 1997; Royal, et al., 2002)

However, there is a negative correlation (r=-0.21) between days to commencement of luteal
activity (Dlac) and calving interval (CI) which indicates that animals taking longer to get into
luteal activity have sufficient time to regain their metabolic status and therefore, would require
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less repeats of inseminations before conception leading to reduced calving intervals. Older cows
take a relatively longer time (r=-0.26) to get into cyclicity than younger cows (Table 5) and could
be a reflection of reducing reproductive efficiency with age. This agrees with the findings of
Cavestany, et al., (2009), who explained this difference to be due to reduced concentration levels

of IGF-1 in multiparous cows relative to primiparous cows.

4.3  Milk Production and Reproduction

An ANOVA for milk parameters comprising milk yield, peak milk production and days to peak
for the experimental cows indicated that breed, feeding levels and body condition influenced all
the milk parameters as observed in Table 6, while parity only had an effect on peak milk
production (p<0.05). There were also significant interactions between feeding levels and breed
(Table 6) for all the milk parameters. Age and weight when included as covariates influenced

milk production and days to peak milk production (Table 6).

Table 6. Analysis of Variance of Milk Parameters Measured

F Ratio
Source DF Milk Prod Peak Milk Days to Peak
Breed 1 4.72* 78.25* 9.72*
Feeding Levels 4 11.13* 14.36* 23.11*
Breed*Feeding Levels 4 13.77* 43.60* 54.29*
Parity 2 1.36 3.52 36.77*
BCS 2 36.30* 58.15* 9.72*
Age 1 11.97* 4.69 30.89*
Weight 1 5.50* 0.58 53.72*

*Significant at p<0.05

Friesians produced significantly (p<0.05) more milk than the Sahiwals (66.3 vs 58.9 Its)
respectively (Table 7) which is similar to 72.5 liters per week reported by Irungu and Mbugua
(1998) for Friesians while Sahiwals produced more milk per week than that reported by llatsia, et
al., (2007) of 34.3 liters. This is to be expected as Friesians having been selected for milk

production are expected to produce more milk than the Sahiwal which is a dual purpose animal.
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The two breeds also exhibited different milk peaks, with Friesians and Sahiwals attaining peaks of
88.9+1.7and 68.3+1.6 liters per week after 52 and 42days postpartum respectively (Table 7). The
Friesian peak is similar to that attained at 50 to 70 days reported by Roche, et al., (2006).

Commencement of luteal activity and first insemination in Friesians occurred 2 and 6 weeks after
peak milk production respectively. For Sahiwals, peak milk occurred at the same time as
commencement of luteal activity which was 6 weeks postpartum and insemination occurred 4
weeks after the peak milk production. The two breeds took similar periods of 4 weeks from
commencement of luteal activity to insemination despite them having different periods to
commencement of luteal activity from calving. Banos, et al., (2006) found that net energy balance
of lactating Friesian cows decreased until week 10 of lactation that coincided with peak milk
production and this balance improved thereafter, thus having a direct implication on when the

cows begin cycling.

Body condition scores and parity also had an effect (p<0.05) on the milk parameters (Table 7).
Cows with higher body condition scores produced more milk progressively and had higher peaks
compared to those with lower condition (Table 7), however, this group of cows also took longer
to reach peak milk production. This is a reflection of the positive net energy balance resulting in
more nutrients being availed for milk production for cows in better body condition. Cows of
parity 3 and 4 (B) produced higher average milk production (p<0.05) and peak milk (Table 7)

while those of parities greater than 5 (C) reached peak milk production much earlier.

Table 7. Least Square Means+SE of Milk Production Parameters

N  Milk Production Peak Milk Production  Days to Peak

Factor (Lts/week) (Lts/week) Milk Production
Breed Friesian 16 66.3+2.4% 88.9+1.7° 52.1+2.1%

Sahiwal 17 58.9+2.3" 68.3+1.6° 42.9+2.0°
Parity A 16 62.4+3.6° 74.3+2.5° 65.3+3.1°

B 9 64.7+1.7° 80.2+1.2° 43.3+1.5°

C 8 60.7+2.2° 81.4+1.5° 33.9+1.9°
Body Condition 3 6 45.9+1.8° 64.7+1.3° 40.7+1.6°

4 23 57.8+2.0° 71.1+1.4° 49.9+1.8°

5 4 84.1+4.4° 100.1+3.1° 51.9+3.8°

2P Indicates values with different superscripts within column differ significantly (p<0.05)
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The lactation curves for both breeds during the experimental period are represented in Figure 8
with R2 of 0.96 and 0.98 for Friesians and Sahiwals respectively after fitting a third order degree
polynomial. The Friesians weekly milk levels declined to less than 30% of peak lactation of 26.7
liters after 29 weeks while Sahiwals declined to 20.5 liters after 32 weeks of lactation as described
by Mech, et al., (2008) who reported that a cow should be considered dry when milk production
declines to less than 30% of the peak milk yield. Thus, the mean lactation lengths for Friesians
and Sahiwals were 203 and 224 days postpartum respectively as indicated in Figure 8. This is
much less than the conventional 305 days for most dairy cows (Appuhamy, et al., 2007) and 282
days reported by llatsia, et al., (2007) for Sahiwals. Both breeds of cows dried about 3 months

earlier than expected.

The characteristics of the lactation curve are important as they determine the production potential
and allow for assessment of the nutritional and health status of a milking cow (Dudouet, 1982;
Chang, et al., 2001). A number of studies have shown that excess mobilization of body reserves
or negative energy balance resulting from the energetic demands for milk production during early
lactation is associated with a decline in reproductive performance (Lucy, 2001; Butler, 2000).
This is because of selection for milk production thus compromising reproductive performance
(Pryce, et al., 2002).
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4.4  Milk Composition

Milk composition varies depending on the species, breed, feed, and the stage of lactation (Mech,
et al., 2008). Charles (1998) reported that Holsteins tend to have the lowest percentage milk
composition as compared to Jersey, Ayrshire and Guernsey breeds. These breed differences are
due to efficiencies in energy conversions to specific feed types (Rodriguez, et al., 1997). The
differences in milk composition between the Jerseys and Holsteins showed that Jerseys had

greater efficiency of energy conversion than Holsteins.

Feeding levels did not affect (p>0.05) milk components apart from percent fat (Table 8). These
findings are similar to those reported by Alzahal, et al., (2009). In the current study, breed, had a
significant (p<0.05) influence on percent fat, SNF, Protein and freezing point of milk. Parity had
an effect on SNF, protein, density and freezing point while there were significant differences for
body condition for all the milk components apart from density (Table 8). Body weight of cows at
calving affected fat and protein composition of milk. There were also significant interactions of
breed and feed for all components apart from milk density (Table 8).

Table 8. Analysis of VVariance for Milk Composition of Experimental Cows

F-ratios

Source DF Fat SNF Protein  Density Freezing Fat/ Protein

Point Ratio
Breed 1 3.12* 1.24**  0.17** 6.32 139.72**  0.09
Feed 4 1441** 0.53 0.09 13.55 17.05 1.37*
Parity 2 294 2.46**  0.33**  40.96** 148.56** (.38
Body Condition 2  22.39** 1.37* 0.21**  8.02 49.03* 1.82**
Breed*Feed 4 36.80** 3.15** 0.46** 34.72 158.91**  3.2**
Weight 1 519* 0.68 0.10* 1.77 20.61 0.40
AFC 1 7.16** 049 0.03 22.55* 193 0.51*

*Significant at p<0.05 ** Significant at p<0.01

There were significant (p<0.05) breed differences for most of the milk components with Sahiwals
having higher values than Friesians (Table 9). This was expected as Zebus, normally have higher
values for milk components relative to the exotics (Charles, 1998; Walsh, et al., 2008). The

Sahiwals with higher amounts of solids in milk had relatively higher milk densities and lower
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freezing point depressions (Table 9) than the Friesian cows and this was expected (Henno, et al.,
2008). Body condition and breed by feed interaction influenced (p<0.05) milk composition apart
from density which means that different breeds when supplemented, partition nutrients differently
at parturition due to the efficiencies of energy conversions (Rodriguez, et al., 1997; Walsh, et al.,
2008).

Table 9. Means of Milk Components for the two Breeds

Breed N %Fat %SNF % Protein Density Freezing Fat/Protein
Point °C Ratio

Friesian 16 3.47+0.18* 8.15+0.06° 3.07+0.02* 1.026+.029 -0.535+0.004° 1.13+0.06°

Sahiwal 17 5.19+0.07° 8.71+0.04° 3.30+0.01° 1.027+.017 -0.565+0.002° 1.58+0.02°

% Different subscripts within column are significant (p<0.05)

Duffield, et al., (1997); de Vries and Veerkamp (2000) and Heuer, et al., (2001) consistently
found that in cases of negative energy balance during early lactation, there was an increase in
percentage butter fat due to lipid mobilization which find their way in the milk, while there is a
decrease in the percentage of milk protein, thus increasing the fat to protein ratio. It was therefore,
suggested that this ratio is a potential indicator of lack of energy supply through feed. Heuer, et
al.,(1999) indicated that cows with fat to protein ratios greater than 1.5 were more at risk of

getting mastitis, ovarian cysts and had profound increased negative effects on fertility traits.

In the current study, the fat to protein ratio indicated that Sahiwals were in more negative energy
balance than the Friesians; however, this is contrary to the reproductive performance, because
Sahiwals came into cyclicity and were inseminated much earlier than the Friesians, which would
indicate that they were in a more favourable metabolic state than the Friesians. However, this can
be explained by the fact that percentage fat values for Sahiwals were consistently higher than
those of the Friesians while the values for protein were quite similar in both breeds (Table 9).
Thus, this ratio can only be meaningful when compared within breed and not across breeds
because of the inherent differences of milk composition and ability to mobilize fat among the
different breeds.
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The link between higher milk production and poorer reproduction is well established. Madouasse,
et al., (2010) suggested that after milk yield, percentage of protein followed by percentage of

lactose were the most important variables associated with the probability of conception.

For milk fat and protein components, it was observed that despite the supplementation, Sahiwals
maintained higher (p<0.05) values consistently (Figures 9 and 10). For % fat and protein,
supplementation levels in Sahiwals increased up to 3kg and gave the best levels for the two
components while Friesians showed best levels at 2kg supplementation after which there was
depression (Figures 9 and 10). These can be regarded as the optimal supplementation levels for
enhanced fat and protein levels in milk for the two breeds. This agrees with the findings of
Walker, et al., (2004) who demonstrated that breed and feeding regime affected milk composition

on pasture fed cows in Australia.
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Figure 9. Percent Milk Fat by Feed Supplementation
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Figure 10. Percent Milk Protein by Feed Supplementation

There was significant positive association (p<0.05) between all milk components and
reproductive parameters of days to luteal activity (Dlac) and insemination (Dins) for Friesian
cows but little association with calving intervals (Table 10). This was bhjo particularly so for SNF
and protein which indicates that the higher the values of the components the longer it takes to
initiate luteal activity and insemination and can be explained by the fact that if milk components
are high, then these have been derived from the blood thus depriving the reproductive system of
the necessary nutrients to initiate reproduction for Friesians postpartum. This is in agreement with
the findings of Clark, et al., (2005) who reported that milk components have a relationship with

energy balance after parturition that affect reproduction on grass fed Friesian cows.

Table 10. Correlation of Milk Components with Reproductive Parameters for Friesians

% Fat % SNF Density 9% Protein  Dlac Dins Cl
%Fat 1.00 0.04 -0.43** 0.10 0.28*  0.27* -0.03
%SNF 1.00 0.89** 1.00** 0.61**  0.64** 0.06
Density 1.00 0.86** 0.43**  0.46** 0.06
% Protein 1.00 0.63**  0.66** 0.05
Dlac 1.00  0.94**  -0.20*
Dins 1.00 -0.07
Cl 1.00

*Significant at p<0.05 ** Significant at p<0.01
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Sahiwals showed a positive association between SNF, % protein and density with days to
commencement of luteal activity (Table 11), which is an indication that higher values for these
components results in prolonged resumption of cyclicity. This is expected because as more
nutrients are derived from the system for milk production; the cows are exposed to negative
energy balance resulting in prolonged anoestrus. However, the relationship with days to
insemination was negative (Table 11) implying that cows with higher values get into insemination
earlier, which is an indication that higher values for milk components in Sahiwals result in
reduction in the period between commencement of luteal activity and time of insemination. This
could be an inherent characteristic for the Sahiwals and by extension the Zebu which normally

have higher values for milk components than their Friesian counterparts.

However %fat exhibited a strong positive association with calving interval (Table 11) an
indication that higher milk fat results in longer calving intervals and is a reflection of increased fat
mobilization due to negative energy balance resulting in increased repeat inseminations causing
prolonged calving intervals and is in agreement with the findings of Madouasse et al., (2010).
This implies that the relationship of milk components with reproduction for the two breeds is

mediated differently after parturition.

Table 11. Correlations of Milk Components with Reproductive Parameters for Sahiwals

% Fat % SNF Density % Protein Dlac Dins Cl

% Fat 1.00 -0.13* -0.54**  -0.07 -0.19* 0.00 0.43**
% SNF 1.00 0.83**  0.99** 0.14* -0.32**  0.16*
Density 1.00 0.80** 0.23* -0.27**  -0.13*
% Protein 1.00 0.13* -0.31**  0.17*
Dlac 1.00 -0.15* -0.52**
Dins 1.00 -0.15* 0.23
Cl 1.00

*Significant at p<0.05 ** Significant at p<0.01

There were no significant associations between milk components and the hormones apart from
percent milk fat that had a significant correlation with progesterone of 0.22 in both breeds. This is

expected because progesterone is a fat derived hormone. The association between milk
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components and nutritional metabolites were observed as being low and insignificant in both

breeds.

There was a negative correlation (p<0.05) between days to peak milk production with peak milk
production and calving intervals in Friesian cows (Table 12). This indicates that Friesian cows
with high milk peaks take shorter time to reach peak production from calving and is a
characteristic of the lactation curve. It was also observed that there was a positive association
(p<0.05) between peak milk production with mean milk yield and calving interval which indicates
that Friesian cows with high peaks also tend to have higher milk yields and longer calving
intervals. This is a reflection that increased milk production impacts negatively on fertility as a
result of the increased nutrient demands for lactation and agrees with the findings of Pryce, et
al.,(2002) who found a negative association between milk production and cow fertility.

Table 12. Correlation of Milk Attributes with Reproductive Parameters for Friesians

Days to Peak Milk Prod  Peak Milk Dlac Dins Cl
Days to Peak 1 -0.09 -0.43** 0.75** 0.47**  -041**
Milk Prod 1 0.73** -0.35* -0.09 0.66**
Peak Milk 1 -0.79**  -0.83**  0.65**
Dlac 1 0.93**  -0.28*
Dins 1 -0.16*
Cl 1

*Significant at p<0.05 ** Significant at p<0.01

Average milk production and peak milk production were negatively associated with start of luteal
activity and days to insemination in Sahiwals (Table 13). These seems unusual because higher
peaks and milk production means that more nutrients are directed to milk production and should
impair reproduction leading to longer intervals to initiation of luteal activity and insemination as
demonstrated by Madouasse, et al., (2010). However, these two milk attributes were positively
associated with calving intervals as expected implying that the more milk produced the more

likelihood of reproductive impairment.
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Table 13. Correlations of Milk Attributes with Reproductive Parameters for Sahiwals

Days to Peak Milk Prod Peak Milk Dlac  Dins Cl
Days to Peak 1 -0.60** -0.69**  0.66** 0.28* -0.87**
Milk Prod 1 0.80**  -0.35* -0.45** 0.38*
Peak Milk 1 -0.39* -0.63** 0.41*
Dlac 1 -0.08 -0.51**
Dins 1 -0.15
Cl 1

*Significant at p<0.05 ** Significant at p<0.01

4.5 Reproductive Parameters Observed after Calving

After initial selection of in-calf cows, the cows calved and were closely monitored to establish the
beginning of luteal activity using progesterone profiles followed by observation of heat
expression and subsequent insemination. Of the initial 40 cows selected and identified as
pregnant, 18% did not calve due to late loss of foetus while 82% calved (Table 14). The seven
cows that did not calve were censored and not included in the subsequent analysis. They
comprised of 4 Friesians and 3 Sahiwals, thus making 20% and 15% of their respective breeds of
the initially 20 selected cows from each breed respectively. This is higher than the findings of
Sreenan and Diskin (1986) who reported late foetal loss of 5 to 8% among dairy cows, however,
findings from this study were similar to those reported by Falkenberg, et al., (2008) who found
that of all the cows inseminated, 20.7% did not conceive after 200 days postpartum. Another
observation after calving showed that 12% of the cows did not show any luteal activity (Table 14)
as observed from progesterone levels being below 3ng/ml, 20 weeks post calving, this denotes a
temporary or permanent state of ovarian inactivity with no manifestation of estrus and could be
due to environmental, nutritional or pathological conditions (Jainudeen and Hafez, 2000; Tadasse,
et al., 2010). While another 12% showed luteal activity through observation of hormones but with
no behavioral heat signs and could be termed as silent heats. Only 76% of the initial in-calf cows
that calved, exhibited heat, were served and 56% of them eventually calved for the second time
after commencement of the experiment (Table 14). This outcome is comparable to that reported
by Masama, et al., (2006) in Zimbabwe.
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Table 14. Summary of Reproductive Parameters of Experimental Cows

Breed In-calf  Lost 1"Calving  No Luteal Heat and Conceived 2"Calving
foetus Activity Inseminated

Friesian 20 4(20)* 16(80) 3(19)  11(69) 6 (55) 6 (55)

Sahiwal 20 3 (15) 17 (85) 1 (6) 14 (82) 13 (93) 8 (57)

All 40 7 (18) 33 (83) 4 (12) 25 (76) 19 (76) 14 (56)

*Numbers in parenthesis are percentages.

It was observed that Sahiwals exhibited better reproductive performance than their Friesian
counterparts (Table 14) as determined by the reproductive parameters discussed above and agrees
with the findings of Blache, et al. (2007) who reported that genotype affects the ability to resume

estrus after parturition,

There were breed differences (p<0.05) from calving to commencement of luteal activities with
Sahiwals getting into cyclicity earlier than the Friesians (Table 15), this was expected because the
demand for nutrients on the Friesians for milk production rendered them to be in more negative
energy balance after parturition than the Sahiwals, which produced significantly less milk
(Blache, et al., 2007). These findings were also similar for number of days to insemination but the
calving intervals for Sahiwals are longer because of the higher number of inseminations per
conception. This could be that Sahiwals being shy breeders are more difficult to detect heat than
the Friesians and so the high number of insemination per conception, thus elongating the calving
intervals. It was also observed that the two breeds took 4 weeks from commencement of luteal
activities to insemination (Table 15).The interval from calving to initiation of luteal activity and
eventual insemination is important for reproductive efficiency because it influences the calving
interval and determines number of calves born over the lifetime of the cow (Cavestany, et al.,
2009).

Table 15. Effects of Breed on Reproductive Parameters

Breed Reproductive Parameters

Days to Luteal Activity Days to Insemination  Calving Intervals (Days)

Friesian 68.6+7.7 (10 weeks)® 98.6+13.7 (14 weeks)?  442.7+22.8 (14.7 Months)
Sahiwal  42.5%5.4 (6 weeks)" 73.1+11.2 (10 weeks)® 533.1+12.5 (17.8 Months)

% Different superscripts within column are significant
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It was observed that cows that conceived after insemination and eventually calved a second time
had relatively shorter intervals from calving to commencement of luteal activity and insemination
compared to those that did not calve (Table 16) and is in agreement with the findings of
Falkenberg, et al., (2008) who found that cows with favorable pregnancy rates had shorter calving
to first insemination periods and is an indication of cow fertility. The mean days to insemination
of 70.5£13.4 for cows that calved and 96.8+21.5 days for those that didn’t calve (Table 16) are
lower than 116 * 6.6 days reported by Obese, et al., (2009) for Sanga cattle in West Africa and
107 + 9.2 days reported by Swai, et al., (2007) for Friesian cows in Tanzania. However, these
findings are in agreement with those of Reist, et al., (2003) who reported 71 days to first service
postpartum for cows that calved. The long calving intervals exhibited by these cows could be
because of the repeated inseminations particularly in Sahiwals which was attributed to several
factors despite the shorter anestrus period postpartum (Table 16) and agrees with findings of
Tadasse, et al., (2010).

There were significant breed differences between intervals from calving to commencement of
luteal activities (Dlac) with Friesian taking longer (p<0.05) to exhibit luteal activity compared to
Sahiwals in both categories of cows that calved or not (Table 16). The number of days from
calving to first insemination (Dins) were different (p<0.05) for the two breeds for cows that did
not calve but similar for cows that were served and calved, the average days to first insemination
for both breeds were 70 days postpartum (Table 16). This is similar to that reported by Royal, et
al., (2002) who found intervals to first insemination of 74.0+£0.4 days postpartum.

Table 16. Reproductive Parameters on Cows Calving Status in Days

Calving

Calving Status Breed N Dlac Dins Intervals
No Friesian 10 74.8+10.6% 121.5+40.9%
No Sahiwal 9 42.046.6° 75.7+18.8°
All 19 58.4+7.2 96.8+21.5

Yes Friesian 6 57.4+8.8% 70.6+28.2° 442.7+91.3%

Yes Sahiwal 8 43.119.6" 70.4+13.5° 533.1+51.7°

All 14 49.1+6.8 70.5+13.4 490.9+50.2

% Different superscripts within column differ significantly (P<0.05)
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Early re-establishment of ovarian activity has been associated with fertility (Darwash, et al.,
1997). These authors reported that cows starting to cycle early had reduced interval to conception
by having higher chance of early insemination postpartum, higher pregnancy rates and fewer
services per pregnancy than those with long anovulatory periods. Findings from the current study
are in agreement with these observations which showed, cows that calved successfully after
insemination commenced luteal activity after 49.1+6.8 days relative to their counterparts that
didn’t conceive which required 58.4+7.2 days (Table 16). This could be because, non-calving
cows had a problem with cyclicity due to low average levels of circulating progesterone which
averaged 3.10+0.42 ng/ml for non-calving cows, compared to 3.78+0.60 ng/ml for those cows
calving and this would appear as the threshold level for progesterone in calving cows under our
production system. These findings agree with those reported by Lucy, (2001) and Washburn, et
al., (2002) who found that low levels of circulating progesterone affect reproductive efficiency.
This is because elevated progesterone levels play a critical role in supporting uterine function and
numerous studies have linked low progesterone secretion to reduced embryo development and

early embryonic loss (Souza, et al., 2014; Mann and Lamming, 2001).

Calving interval is an important index for cow reproductive performance that is defined as the
average interval between the two most recent consecutive calvings for each cow, an interval of
365 days is desirable for efficient production (Esslemont, 1993). Kanuya, (2000) defined a
standard recommended interval of 430 days under tropical conditions, while Irungu and Mbugua,
(1998) reported intervals averaging 429 days for Friesians in Naivasha. In the current study,
Friesians recorded a mean calving interval of 442 days (Table 16) which is higher than those
reported above, but is lower than the findings of Swai, et al., (2007) who reported intervals of 476
days for Friesians in Tanzania. Joshi et al., (2001) reported 420 days intervals for Sahiwal cows in
Pakistan while llatsia, et al., (2007) reported 468 days for the National Sahiwal stud at Naivasha,
which is much lower than the current findings of 533 days for the Sahiwals in this study (Table
16). A probable reason could have been due to the age of the cows used in the experiment that
averaged 102 months. This agrees with the findings of Tadasse, et al., (2010) who reported

increased calving intervals with age and parity for dairy cows in the highlands of Ethiopia.

It was observed that Friesians averaged 98 days to first insemination, which is similar to 90 days

reported by Ott, et al., (2014) and the second insemination averaged 134 days postpartum while
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Sahiwals averaged 73 days to first insemination and the second insemination occurred after 122
days. These findings are more favorable than 115+1.7 days to first insemination reported by
Tadasse, et al., (2010) but similar to the ideal range of 60-90 days recommended by Berry, et
al.,(2003).Thus, the long calving intervals observed for the Sahiwals despite favorable timing to
first and second insemination can be attributed to the number of services per conception which
averaged 1.53 and 2.4 for the Friesians and Sahiwals respectively, this agrees with the findings of
Ilatsia, et al. (2007) who reported services per conception for Sahiwals of 2.2. These finding for
Friesians are similar to a mean of 1.8 reported by Tadasse, et al., (2010). Successful insemination
depends on many factors such as quality of semen, skills of the inseminator, proper timing, cow

related factors and management attributes.

Early resumption of ovarian activity is important to allow for more luteal phases before first
service, which has been shown to increase fertility of lactating dairy cows (Townson, et al.,
2002). In this study, 52% of the cows showed ovarian activity below 50 days after parturition and
contrasts with the findings of Cavestany, et al. (2009) who reported 66% of lactating cows
resuming ovarian activity before 49 days postpartum.

In the current study feeding levels did not significantly influence resumption of luteal activity,
suggesting that levels of supplementation were not sufficient enough to change body energy
reserves postpartum so as to influence resumption of ovarian activity and concurs with the
conclusion of Meikle, et al., (2004) and Cavestany, et al., (2009). However, there were significant
(p<0.05) interactions between breed and feeding levels (Figure 11) which is an indication that
supplementation affects the two breeds differently by altering their metabolic status and by
extension, its influence on reproductive performance. It was observed that cows on pasture alone
as in treatment one, the Sahiwals took relatively longer to commence luteal activity (Figure 11) an
indication that pasture alone was not providing adequate nutrients to counter the effects of
negative energy balance for Sahiwals relative to Friesians which is contrary to expectation as
Friesians with higher milk output would have registered extended days to commencement of
luteal activity. However, upon supplementation Sahiwals took relatively shorter days to get into
cyclicity postpartum at all levels relative to the Friesians (Figure 11). Sahiwals respond more
rapidly to supplementation than the Friesians, meaning that the relative supplementation
thresholds for Sahiwals are lower than those of the Friesians for cylicity. The longer periods to get
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into cyclicity for Friesians could be due to the increased milk production of the Friesians relative
to the Sahiwals with more nutrients being channeled to milk production and therefore
compromising resumption of reproduction. These findings are similar to those reported by Wu, et
al., (2013) who linked nutrition to commencement of luteal activity in various breeds.
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Figure 11. Interaction of Breed and Diet on Commencement of Luteal Activity

The general trend was for Friesians to gradually have increasing duration for days to
commencement of luteal activity with incremental supplementation up to 3kgwhen it decreased
before rapidly increasing with further supplementation (Figure 11). This could be that prior to 3kg
supplementation the cows are in negative metabolic status as a result of nutrients being channeled
for milk production, which eventually reaches an equilibrium at 3kgs supplementation and further
increases leads to the cow being over conditioned resulting in negative effects on reproduction
causing an increase in number of days to resumption of cyclicity at 4 kg of supplementation. This
agrees with the findings of Lucy, et al., (2009) who found that a high plane of nutrition negatively
affects the reproductive tract leading to infertility. Sangsritavong, et al., (2002) demonstrated that
increased feed intake leads to increased metabolic clearance of rate of steroids in the liver and

affects the circulating levels of progesterone, therefore influencing reproduction.
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4.6 Metabolite and Hormonal Profiles of Cows after Calving

The repeated measures analysis for variables measured over time showed that there were breed
differences (p<0.05) over time for all the metabolites and hormones except glucose and albumin,
which meant that the two metabolite concentrations (glucose and albumin) did not vary
significantly in a given pattern for the two breeds (Table 17). Feeding levels influenced (p<0.05)
all metabolites and hormones except for NEFA as shown in Table 17 which is an indication that
supplementation levels in this study had an effect on the metabolic and hormonal profiles over
time and by extension may affect reproductive parameters. In general this agrees with the findings
of Chelikani, et al., (2009) who reported that feeding different diets to postpartum dairy cows
resulted in an increase of glucose and reduced NEFA levels as the diet energy density increased.
However, the influence of increasing supplementation on NEFA was surprising considering that
increased supplementation would ameliorate against NEB thus reducing lipolysis and therefore

reduced levels of circulating NEFA in postpartum cows.

It was also observed that only the hormones had definitive patterns overtime while the rest of the
metabolites varied randomly with time (Table 17), this agrees with the findings of Alzahal, et al.,
(2009) who reported that there was no effect of time on the variation of metabolites in Holstein
cows fed varying dietary levels.

Table 17. ANOVA for Repeated Measures of Metabolites and Hormones

Metabolites Hormones

Glucose NEFA  Urea Albumin | Progesterone IGF-1

Factor Covariance us AR(1) AR(1) AR(1) AR(1) AR(1)
Structure

Breed 0.74  90.81* 10.28* 4.9 16.64* 8.73*
Feed 4.36* 2.06 10.36* 2.89* 5.55* 19.83*
Week 0.99 1.39 1.5 1.22 2.60* 2.1*
Breed*Feed 4.68*  3.07* 16.09* 1.8 3.05 12.09*
Breed*Week 1.71* 1.15 1.97 141 0.99 6.7*
Feed*Week 1.24 1.79 1.42 1.23 1.22 2.35*

*Significant at p<0.05
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The two breeds also responded differently for the metabolites and hormones when given
incremental feed levels apart from albumin and progesterone (Table 17) by secreting varying

levels of metabolites and hormones over time.

It was observed that Sahiwals had higher (p<0.05) mean concentrations of NEFA, Urea,
Progesterone and IGF-1 than Friesians (Table 18). It has been reported by Reist, et al., (2003);
Wathes, et al., (2007) and Wiltbank,et al., (2012) that higher plasma concentrations of IGF-1 and
progesterone results in shorter calving to conception intervals as demonstrated by the Sahiwals. It
would appear that the two hormonal influences on reproduction supersede the negative attributes
of the high levels of NEFA and urea as demonstrated by the Sahiwals (Table 18).

Table 18. MeansxSD of Metabolite and Hormone Concentrations

Metabolites Hormones
Breed N Glucose NEFA Urea Albumin | Progesterone  IGF-1
(mg/dl)  (mg/dl)  (mg/dl) (g/dl) (ng/ml) (ng/ml)

Friesian 16 65.1+3.8% 28.8+3.1%° 8.3%5.2°% 4.3+0.02°| 26+1.9%  30.1+27.2°
Sahiwal 17 64.245.9° 354+2.7° 10.1+13.9° 4.1+0.01%| 4.1+1.9° 51.7+41.7°

®Dijfferent superscripts within column are significantly different (p<0.05)

Basic observations of trends for plasma concentration of NEFA for Friesians, were high initially
and started to reduce immediately after parturition up to 10 weeks, and this is when luteal activity
commenced, it then rose again and reduced to low concentration during week 15 (Figure 12)
postpartum and this is when insemination occurred. As for Sahiwals, NEFA rose from parturition
but began to decrease after week 5 postpartum, which coincided with commencement of luteal
activities; this continued to further reduce up to week 10 when insemination occurred (Figure 12).
These patterns of NEFA profiles over time coincided with cow body condition scores and
reproductive status of the cows in early lactation. When NEFA levels were reducing, cows were
in the recovery phase of the negative metabolic status occasioning initiation of luteal activity and
insemination for both Sahiwals and Friesians. These profiles of NEFA patterns postpartum are in

agreement with those reported by Nielsen, et al., (2007).

NEFA is a proxy for negative energy balance postpartum and high levels impact negatively on
reproductive parameters. NEFA is produced due to mobilization of body energy reserves to
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support milk production and resumption of cyclicity after parturition. Pryce, et al., (2001) and
Patton, et al., (2007), demonstrated that poor body condition had adverse effects on cow
reproductive performance, while Walsh, et al., (2007) and Wathes, et al., (2007) reported that
high blood concentration of NEFA was negatively associated with reproductive performance and
is a reflection of the metabolic status of the cow. In this study, it was observed that Sahiwals had
significantly higher values for NEFA than the Friesians (Figure 12), however, the Sahiwals came
into reproduction much earlier than their Friesian counterparts, who had relatively lower
concentrations of plasma NEFA, however, the Sahiwals required more inseminations per
conception. This could be that the threshold levels at which NEFA starts influencing reproduction
in Sahiwals is higher than Friesians, particularly for days to commencement of luteal activity and
insemination. Reist, et al., (2003) identified NEFA as the best indicator of a cows energy balance
because it is the first indication for lipolysis. When cows fail to adapt to negative energy balance,
NEFA is converted to ketone bodies in the liver and predisposes the cows to reproductive failure
(Patton, et al., 2007).
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Figure 12. Plasma NEFA Concentration overtime for both Breeds

Breed differences were also significant (p<0.05) for urea (Figuresl13) while albumin showed
mixed patterns for the two breeds as observed in Figurel4. Sahiwals exhibited higher plasma

levels for urea while Friesians had higher average concentrations of plasma albumin than the
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Sahiwals (Figure 13) and a pattern almost like urea though not significant. There seems to be two
peaks for urea in both breeds, with one occurring during week 5 postpartum and a second
appearing during week 15. In early lactation, cows are in negative nitrogen balance which has
been reported at -560g/day and is compensated for by mobilizing amino acids from skeletal
muscle as evidenced by 25% reduction in muscle fibre diameter in dairy cows (Reid, et al., 1980).
Urea and albumin concentration in plasma due to varying diets does not sufficiently influence
metabolic hormones as to adversely affect reproductive function and this is in agreement with the
findings of Garnsworthy, et al., (2008).
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As for the hormones, mean progesterone levels rose steadily in both breeds and peaked at week
18 postpartum before they began to reduce. The Sahiwals had higher levels on average than the
Friesians over time (Figure 15). It was observed that progesterone levels sufficient for ovulation,
which is 3ng/ml was reached at 5 weeks postpartum for the Sahiwals while Friesian attained these
levels at week 10 which coincided with commencement of luteal activity in both breeds.
Insemination in Sahiwals occurred 10 weeks postpartum, when the progesterone levels were 6
ng/ml while Friesians registered more than 4ng/ml at 14 weeks postpartum (Figure 15). This
could be the reason why Sahiwals exhibited better reproductive performance than the Friesians
and agrees with the findings of McNeill, et al., (2006) and Santos, et al., (2009) who reported that
reduced circulating concentrations of progesterone are associated with reduced pregnancy rates.
Progesterone has been reported to favour conceptus development (Garret, et al., 1988) and
synthesis of interferon-tau (Ott, et al., 2014; Thatcher, et al., 1997), which inhibits the
biosynthesis of PGF,, in the endometrium to block luteolysis (i.e. maternal recognition of

pregnancy).
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Figure 15. Plasma Progesterone Concentration for Friesian and Sahiwal Cows

The pattern of IGF-1 plasma concentration in Sahiwal reduced gradually and rose to peak at week
5 postpartum and reduced again before a small peak occurred at week 10 before finally showing a
large peak at week 16. While for Friesians the concentration reduced to a nadir at week 10 and
then rose to peak 15 weeks postpartum (Figure 16). There appeared to be three distinct peaks in
both breeds, which occurred at 5, 10 and 16 weeks postpartum (Figure 16). At week 16
postpartum is when the progesterone and IGF-1 levels in both breeds were highest and compared
to body condition scores, this is when the cows recover fully from the metabolic depression
caused by the NEB after parturition. These findings are similar to those reported by Patton, et al.,
(2007) who expressed that conception rates were enhanced when insemination occurred at peak
levels of IGF-1 concentration in blood plasma and cows were less likely to conceive when their
plasma IGF-1 levels were lower than 25ng/ml postpartum (Taylor, et al., 2004; Santos, et al.,
2009) resulting in longer intervals from calving to resumption of cylicity (Beam and Butler, 1998;
Wu, et al., 2013;). This is because of the role IGF-1 plays in follicular growth, maturation and
development of the embryo (Diskin, et al., 2003; Lucy, et al., 2014).
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4.7 Metabolite and Hormonal Profiles for the two Calving Categories

Changes in metabolic hormones are pertinent for dairy cow fertility, because they interact with
the reproductive hormones that control ovarian function (Garnsworthy, et al., 2008). The mean
values of metabolites and hormones for the two breeds of cows that calved and those that failed to
calve during the observation period are represented in Table 19. It was observed that there were
no significant (p>0.05) breed differences for glucose levels within calving category. NEFA
showed breed differences (p<0.05) within calving category, with Sahiwals having higher values
in both categories. This was the same for urea while albumin did not show breed differences for

non-calving cows but Friesians had higher (p<0.05) concentrations for cows that calved.

The hormones showed that progesterone and IGF-1 had different (p<0.05) blood concentrations
for the two breeds within calving category, with Sahiwals again exhibiting much higher values
than Friesians (Table 19). However, cows that calved had relatively higher levels of progesterone
for Friesians than those not calving and this is in agreement with the findings of McNiell, et al.,
(2006) and Santos, et al. (2009) who reported that reduced circulating concentration of

progesterone was associated with reduced pregnancy rates. The Sahiwals exhibited similar
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progesterone and IGF-1 concentrations for both categories (Table 19). However, those cows that
calved had higher mean IGF-1 concentrations above the threshold required for conception of
25ng/ml as reported by Santos, et al., (2009). Fulkenberg, et al., (2008) reported that cows with
higher IGF-1 at calving are more likely to conceive and calve relative to those with lower levels

of IGF-1 at parturition.

Table 19. Means+SE of Metabolite and Hormone Concentrations of Cows Calving Status

Metabolites Hormones
Calving Breed N Glucose NEFA Urea Albumin | Progesterone IGF-1
status
No F 10 65.2#1.3° 27.8+0.8% 7.9+1.7% 4.2+0.1° 2.2+0.4% 32.8+9.2°
S 9 66.2+12" 34.7+0.9" 18.6+4.7° 4.1+0.03* | 4.1+0.6° 52.0+14.7°
Yes F 6 64.8£1.6° 30.5+1.4%° 8.9+2.2* 4.440.1* |3.4+1.1° 25.6+10.4°
S 8 619+26° 36.1x0.8" 19.64#5.2° 4.1#1.0° |4.1+0.7° 51.3+14.8°

? Different subscripts within calving category indicate significance (p<0.05)
4.8  Feed Supplementation on Plasma Concentration of Metabolites and Hormones

It was observed that the breeds responded differently (p<0.05) when supplemented with varying
levels of concentrate feed for mean plasma metabolites and hormonal concentrations except
albumin and progesterone. There was a general gradual increase of glucose concentrations when
supplementation levels were increased from O through to 4 kg in both breeds (Figure 17). The 4kg
supplementation seemed most appropriate in enhancing glucose levels which is a reflection of the
energy balance status postpartum, with cows having higher values giving better energy balance
and being more probable of conceiving than their counterparts with lower glucose concentrations

(Huszenicza, et al., 2001).
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Figure 18. Urea Concentration by Breed and Feeding Levels (kg/day)

Friesians had relatively higher values for urea compared to the Sahiwals during early
supplimentation, however, as supplimentation increased, urea plasma levels for Sahiwals rose
astronomicaly as shown in Figure 18. This could be that as supplimentation increased the protein
levels for Sahiwals could have been in excess for the body to absorb and therefore incresed levels
of deamination in the liver resulting in high urea levels being channeled to body fluids for
excretion (Heuer, et al., 1999). This was also observed for glucose with high levels for Sahiwals

at 4kg supplimentation (Figure 17). Friesians had higher plasma concentration for albumin than
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the Sahiwals across all supplimetation levels. This is an indication that the two breeds metabolise

protein-based nutrients differently.

Friesians had relatively (p<0.05) low levels of progesterone compared to Sahiwals and there was
a general trend for progesterone levels gradually increased as levels of supplementation increased
(Figure 19). This is necessary for improved conception rates (Santos, et al, 2009), however, at the
higher levels the concentrations tended to reduce in both breeds and Friesians had more reduction
in progesterone at higher supplementation levels than Sahiwals. The optimum levels of
supplementation in both breeds should be between 2 and 3kg supplementation (Figure 19). This is
in agreement with the findings of Sangsritavong, et al., (2002) who reported that increased
concentrate intake promotes progesterone metabolism by increasing the metabolic clearance rate
in the liver resulting in reduced plasma progesterone levels. The clearance rates for Friesians at
higher levels of supplementation is more than that observed for the Sahiwals, thus explaining the

better reproductive outcomes exhibited by the Sahiwals.
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Figure 19. Progesterone Concentration by Breed and Feeding Levels (Kg/day)

In un-supplemented cows, IGF-1 levels were relatively low for Friesians while it was relatively
high for Sahiwals. However upon supplementation the plasma levels of IGF-1 were highest when
the cows were supplemented at the rate of 3 kg per day and Sahiwals had relatively higher values
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than Friesians (Figure 20) but both were beyond the threshold of 25ng/ml as reported by Santos,
et al., (2009).
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Figure 20. IGF-1 Concentration by Breed and Feeding Levels (kg/day)

4.9 Principal Component Analysis for Milk, Metabolite and Hormonal Variables

Measurements made on the same subject are likely to be more similar than measurements made
on different individuals, thus eliciting multicolinearity among measurements. Thus, Principal
Component Analysis (PCA) was performed on milk, metabolites and hormonal variables. The
method was relevant for this analysis because some of the variables of interest were highly
correlated. The extracted Principal Components (PCs) derived are uncorrelated and account for
most of the total variation contained in the fitted models. The PCA results for the milk,
metabolites and hormonal variables were based on a factor loading of 0.4 and a principal
component selection criterion of more than one (1) Eigen value per component also known as the

Kaiser criterion (Kaiser, 1960).
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4.9.1 Principal Component Analyis for Milk Constituents

When the milk variables were subjected to the principal component analysis, it was observed that
they clusterd into two Priciple Components (PC), with the first one comprising of SNF, density,
freezing point and protein which are density related molecules and accounted for 62.6% of the
total variance while the second PC comprised of fat and its derivatives of fat to protein ratio
accounting for 36.8% of the variance (Table 20). This implies that percentage fat is the

distinguishing milk parameter.

Table 20. Rotated Correlation Coefficients Factor Patterns of Milk Components

Principal Components

Milk Parameters 1 2
% Fat 0.97
Fat to Protein ratios 0.99
% SNF 0.99

Density 0.89

Freezing Point 0.99

Protein 0.98

Variance Explained (99.4%) 62.6% 36.8%

4.9.2 Principal Component Analysis for Metabolites and Hormones

Two PCs were also extracted for the hormones and metabolites and accounted for 43.7% of the
total variance (Table 21). PC1 comprised of protein-based metabolites of urea and albumin and
the hormone IGF-1 and this explained 24% of total variance while the second component
accounted for 19.8% of the variance and comprised of glucose and NEFA. The loadings indicate
that IGF-1 influences metabolic status during early lactation through the protein based
metabolites (Ward, et al., 1995), while glucose and NEFA are closely associated in regulating
energy metabolism (Weber, et al., 2013; Garnsworthy, et al., 2008). The two components can be
labeled as protein and energy related constructs respectively that influence reproduction in

lactating dairy cattle. However, their specific actions need to be explored further.
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Table 21. Rotated Correlation Coefficients Factor Patterns of Metabolites and Hormones

Principal Components

Metabolites and Hormones

1 2
Urea 0.38
Albumin 0.32
IGF-1 0.49
Glucose 0.64
NEFA 0.49
%Variance Explained (43.7%) 23.9 19.8

4.10 Regression Analysis

Multiple linear regression models were developed, with hormones comprising, progesterone and
IGF-1 as response variables while the metabolites were the explanatory variables, it was observed
that for progesterone, there were a significant (p<0.05) regressions with glucose, NEFA and
albumin (Table 22). This agrees with the findings of Riest et al, (2003) who showed a close
association between energy related attributes of glucose nadir and peak of NEFA with
progesterone levels. While the regressions with IGF-1 showed that only NEFA was significant.
This is an indication that glucose, NEFA and albumin had an influence on progesterone
concentrations while only NEFA had an influence on IGF-1 concentrations during early lacataion
(Table 22). Thus, any circumstance that alters significantly the concentrations of these two
metabolites will affect the concentrations of progesterone and IGF-1 hormones which have an
influence on reproductive performance in postpartum cows. NEFA seems to have the greater
significant influence on the two hormones compared to the rest (Table 22). This agrees with the
findings of Weber, et al., 2013 and Clark, et al., (2005) who concluded that NEFA as an indicator
of NEB also affects reproductive and metabolic hormones. When milk components were included
in the multiple regression models for progesterone and IGF-1, % fat was the only component

associated with reproductive attributes of the lactating cows.
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Table 22. F-Values for Multiple Regressions of Hormones in Relation to Metabolites

Metabolites
Hormones Glucose NEFA Urea Albumin
Progesterone 2.43* 3.66* 0.64 2.9*
IGF-1 1.19 2.52* 1.13 1.43

*Significant at p<0.05

A stepwise logistic regression model was developed to predicting the probability of nutrition
being able to influence metabolites and hence the circulating levels of progesterone on the
commencement of luteal activity in lactating cows. The response variable of progesterone was
categorised as cows with progesterone < 3ng/ml forming one category, while those with
progesterone > 3ng/ml formed the other category. The explanatory variables were the metabolites
nested within feeding levels. The stepwise model retained the effects of breed, NEFA and
Albumin nested within feed as significant parameters, the rest were discarded as not contributing
significant variance on the response variable (Table 23). Sahiwals and Friesians responded
differently with nutritionally induced changes in metabolites leading to varying threshold levels
of progesterone that influence conception. Feeding levels influenced albumin and NEFA levels
differently (p<0.05) in predicting the probability of when luteal activity commences in
postpartum cows as determined by the rise of progesterone levels beyond 3ng/l (Table 23). This
agrees with the findings of Clark, et al., (2005) who indicated that NEFA is a suitable indicator of
NEB and is closely associated with prolonged days to luteal activity (Bisinotto, et al., 2012).
However, when cows are fed concentrates during this state of negative energy balance, the effects

of NEFA on reproductive performance are normaly reduced.
Milk components did not significantly associate with progesterone to be able to predict

reproductive function using the logistic regression when progesterone levels were categorized

above 3ng/ml as the threshold of commencing luteal activity.
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Table 23. Stepwise Logistic Regression of Progesterone

Effect DF Chi Square
Breed 1 7.66*
NEFA(Feed) 5 24.78*
Albumin(Feed) 5 22.96*

*Significant at p<0.05
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CHAPTER 5
5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

From this study, Sahiwals lost more average daily weight (0.64 kg vs. 0.38 kg), but lost less body
condition (-0.1 vs -0.4) from calving to commencement of luteal activity compared to Friesians.
They also commenced luteal activity (42 vs. 68 days) and were inseminated earlier (73 vs. 98
days) than the Friesians respectively. Thus, body condition scores were better associated with
energy balance of cows postpartum than body weight and therefore an indicator of reproductive
potential. Despite the two breeds having varying periods from calving to commencement of luteal
activity, the period from commencement of luteal activity to insemination was 4 weeks in both

breeds.

Cows with better body condition scores at calving produced more milk progressively and had
higher milk peaks relative to those with lower condition but also took longer to attain peak milk
production. The mean lactation lengths for Friesians and Sahiwals were 203 and 224 days
respectively. The fat to protein ratio of 1.58 in Sahiwals indicated that they were in more negative
energy balance than the Friesians; however, they came into cyclicity and were inseminated much
earlier than the Friesians. This factor should be used for comparisons within breed because of the
inherent breed differences in milk composition. Higher values for milk components, particularly
SNF and protein were associated with longer periods to luteal activity and insemination for
Friesians. It was also observed that the higher the peak of milk production, the longer the calving
interval and was a reflection of increased milk production impacting negatively on fertility as a
result of the increased nutrient demands for lactation. Shorter intervals from calving to
commencement of luteal activity and higher concentration of progesterone were suitable
indicators of cow fertility. The number of services per conception for Friesians were 1.5 while

those of the Sahiwals were 2.4.

Feeding levels did not significantly affect resumption of luteal activity, suggesting that
supplementation was not sufficiently high to influence body energy reserves to initiate estrus.
Sahiwals responded to supplementation more rapidly than Friesians, meaning that the relative
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threshold for nutrients in Sahiwals was lower than that of Friesians because of the relatively
smaller metabolic size of the Sahiwal. Feeding levels influenced all metabolites and hormones
except for NEFA, particular effects on glucose and progesterone had an effect on reproduction.
The threshold levels at which NEFA starts to affect reproduction in Sahiwals is higher than that of
Friesians, particularly for days to commencement of luteal activity and insemination. It was
observed that the progesterone threshold for ovulation, which occurs at 3ng/ml, was reached at 5
weeks for Sahiwals while that of Friesian was attained at week 10 postpartum that coincides with
commencement of luteal activity in both breeds. However, cows attaining a plasma progesterone
concentration of 3.78ng/ml postpartum were more likely to get into cyclicity and conceive earlier

than those with lower levels

The pattern of IGF-1 plasma concentration in both breeds peaks at week 16 postpartum this is
when the progesterone levels in both breeds are highest and compared to body condition scores,
this is when the cows recover fully from the metabolic depression caused by the NEB after
parturition. The two breeds responded differently when supplemented with varying levels of
concentrate for mean plasma metabolites and hormonal concentrations except albumin and
progesterone. Friesians had relatively low levels of progesterone than the Sahiwals and there was
a general trend for progesterone and glucose levels to increase as supplementation increased,
however, at the higher feeding levels the concentrations tended to reduce in both breeds with
Friesians having more reduction in progesterone than Sahiwals. The optimum levels of
supplementation in both breeds were found to be 3kg per day. IGF-1 influenced metabolic status
during early lactation through the protein based metabolites of urea and albumin while glucose
and NEFA were closely associated with progesterone. There is an indication that glucose, NEFA
and albumin had an influence on progesterone concentrations while only NEFA had an influence
on IGF-1 concentrations during early lacataion. Thus, any feeding strategy that alters significantly
the concentration of these three metabolites will affect the circulating plasma levels of
progesterone and IGF-1 hormones and thus influence reproductive performance in postpartum
cows. Feeding levels influenced albumin and NEFA levels differently in predicting the
probability of when luteal activity commences in postpartum cows as determined by the rise of

progesterone levels beyond 3ng/ml.
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It has been demonstrated in this study that nutrition has an effect on albumin, glucose and NEFA
which influences circulating levels of progesterone and IGF-1 and can be suitable predictors of
the subsequent reproductive performance of cows after parturition. They mimic the metabolic
status of the cow for sustaining increased milk production and subsequent resumption of cyclicity

after calving in dairy cows.

5.2 Recommendations

Feed supplementation levels of 3 kgs of concentrate per day for dairy cows after calving is
recommended to maintain a body condition score of 3 and above which supports high milk
production and early resumption of cyclicity postpartum for dairy cows. Feed ingredients that
enhance gluconeogenesis and secretion of progesterone and IGF-1 should be recommended to
enhance milk production and improved reproductive performance. These aspects are mitigated by
nutritional metabolites of glucose and NEFA which have an effect on the hormonal concentrations of
IGF-1 and progesterone that enhance reproductive performance. The threshold levels should be
maintained at above 3 and 25ng/ml for progesterone and IGF-1 respectively for optimal reproduction
in the dairy enterprise. These can be referred to as metabolic markers that give an indication of the
status of energy balance of cows in early lactation that could be used to predict milk production

potential and subsequent reproductive performance.

There is need for further work to determine the specific actions of NEFA and glucose on the
gonadotropic axis in influencing progesterone and IGF-1 levels in postpartum cows and particularly
how different breeds of cattle respond to supplementation and the subsequent influence on
reproduction.

80



REFERENCES

Akingbade, A.A., Nsahlai, V.I. and Morris, C,D. ((2003). Composition of colostrums and milk
of South African indigenous Nguni goats grazing natural pasture and supplemented with
concentrate. Afr. J. Range and Forage Sci. 20:47-51.

Allrich, R. D. (1994). Endocrine and neural control of estrus in dairy cows. J. Dairy Sci.77: 2738
— 2744,

Alzahal, O., Or- Rashid, M.M., Greenwood, S.L. Douglas, M.S. and McBride, B.W. (2009).
The effect of dietary fibre level on milk fat concentration and fatty acid profiles of cows
fed diets containing low levels of polyunsaturated fatty acids. J. Dairy Sci. 92:1108-1116.

AOAC. (1995). Official methods of Analysis (16" Edition).Association of Official Analytical
Chemists, Washington, D.C.USA. pp36.

Appuhamy, J.A., Cassell, B.G., Dechow, C.D. and Cole, J.B. (2007). Phenotypic relationships
of common health disorders in dairy cows to lactational persistency estimated from daily
milk weights. J. Dairy Sci. 90:4424-4434.

Aufrere, M. and Benson, H. (1976). Progesterone an overview and recent advances. J. Pharm.
Sci. 65:783-800.

Auldist, M.J., Walsh, B.J. and Thompson, N.A. (1998). Seasonal and lactational influences on
bovine milk composition in New Zealand. J. Dairy Res. 65:401-411.

Banos, G., Coffey, M.P., Wall, E. and Brotherstone (2006). Genetic relationship between first
lactation body energy and later life udder health in dairy. J. Dairy Sci. 89:2222-2232.

Bauman, D.E. and Currie W.B. (1980). Partitioning of nutrients during pregnancy and lactation:
A review of mechanisms involving homeostasis and homeorhesis. J. Dairy Sci., 63: 1514
—29.

Bauman, D.E. and Elliot, J.M. (1993). Control of nutrient partitioning in lactating ruminants. In:
Biochemistry of Lactation, Mephan, T.B. (eds). Elsevier Sci. Publ. Amsterdam,
Netherlands.

Bauman, D. E., Mather, I. H., Wall, R. J., and. Lock, A. L. (2006). Major advances associated
with the biosynthesis of milk. J. Dairy Sci.89:1235-1243.

Bauman, D.E., Peel, C.J., Steinhour, W.D., Reynolds, P.J., Tyrell, H.F. and Brown, A.
(1988). Effects of bovine somatotropin on metabolism of lactating dairy cows: Influence
on rates of irreversible loss and oxidation of glucose and non-esterified fatty acids. J. Nutr.
118:1031-40.

81



Bazer, F.W., Spencer, T.E, Johnson, G.A. Burghardt, R.C. and Wu, G. (2009). Comparative
aspects of implantation. Reproduction. 138:195-209.

Beam, S.W. and Butler, W.R. (1998). Energy balance and ovarian follicular development prior
to the first ovulation postpartum in dairy cows receiving 3 levels of dietary fat. Biol.
Reprod. 56:133-142

Bell, A. (1995). Regulation of organic nutrient metabolism during transition from from late
pregnancy to early lactation. J. Anim. Sci. 73:2804-2819.

Berry, D.P., Buckley, F., Dillon, P., Evans R.D., Rath, M. and Veerkamp, R.F. (2003).
Genetic relationship among body condition score, body weight, milk yield and fertility in
dairy cows. J. Dairy Sci. 86:2193-2204.

Bisinotto, R., Greco, L., Ribeiro, E. Martinez, N., Lima, F., Stapples, C., Thatcher, W. and
Santos, J. (2012). Influence of nutrition and metabolism on fertility of dairy cows. Anim.
Reprod. 3:260-272.

Blache, D., Chagas, L.M. and Martin, G.B. (2007). Nutritional inputs into the reproductive
neuroendocrine control system — a multidimensional perspective. Reprod. Suppl. 64:124-
139.

Block, S.S., Smith, J.M., Ehrhardt, R.A., Diaz, M.C., Rhoads, R.P., Van Amburgh and
Boisclair Y.R. (2003). Nutritional and Developmental regulation of plasmaleptin in dairy
cattle.J. Dairy Sci. 86:3206-3214.

Blum, J.W., Bruckmaier, R.M., Vacher, P.Y., Munger, A. and Jans, F. (2000). Twenty four
hour patterns of hormones and metabolites in weeks 9 and 19 of lactation in high yielding
dairy cows fed triglycerides and free fatty acids. J. Vet. Med. 47:43-60.

Boland, M. P, Lonergan, P. and O’Callaghan, D. O. (2001). Effect of nutrition on endocrine
parameters, ovarian physiology and oocyte and embryo development. Theriogenology,
55:1323-1340

Bridges, G., Day, M., Geary, T. and Cruppe, L. (2013). Triennial reproduction symposium:
deficiencies in the uterine environment and failure to support embryonic development. J.
Anim. Sci. 91:3002-3013.

Broster, W.H. and Broster, V. J.(1998). Body score of dairy cows. J.Dairy Research, 65:155-
173.

Broderick, G.A. and Clayton, M.K. (1997). A statistical evaluation of animal nutritional factors
influencing concentrations of milk urea nitrogen. J. Dairy Sci. 80:2964-2971.

Butler, W.R. (1998). Review: Effect of protein nutrition on ovarian and uterine physiology in
dairy cattle. J. Dairy Sci. 81:1874-1882.

82



Butler, W.R. (2000). Nutritional interaction with reproductive performance in dairy cattle. Anim.
Prod. Sci. 61:449-457.

Butler, W.R., Calman, J. J. and Beam, S.W. (1996). Plasma and milk urea nitrogen in relation
to pregnancy rates in lactating dairy cattle. J. Anim. Sci., 74:858-865.

Butler, T.S., Mar, A.L., Pelton, S.H., Radcliff, R.P., Lucy, M.C and Butler , W.R. (2003).
Insulin restores GH responsiveness during lactation-induced negative energy balance in
dairy cattle: Effects on expression of IGF-1 and GH receptor 1A. J. Endocrinol. 176:205-
217.

Butler, W.R. and Smith R.D. (1989). Interrelationships between energy balance and postpartum
reproductive function in dairy cattle. J. Dairy Sci. 72:767-783.

Buttriss, J. (2003). Milk : dietary importance. In Encyclopedia of food sciences and nutrition, ed.
Benjamin, C. Academic Press, Oxford, pp3968-3974.

Carvalho, P. Souza, A. Amundson, M., Hackbart, K., Fuenzalida, M., Herlihy, M., Ayres,
H., Dresch, A., Vieira, L. and Guenther, J. (2014). Relationship between fertility and
postpartum changes in body condition and body weight in lactating. J. dairy Sci.
97:3666-3683.

Cattell, R.B. (1978). The scientific use of factor analysis in behavioral and life sciences. New
York: Plenum.pp46-89.

Cavestany, D., Vinoles, C., Crowe, M.A., La Manna, A. and Mendoza, A. (2009). Effect of
prepartum diet on postpartum ovarian activity in Holstein Cows in a pasture-based dairy
system. Anim. Prod. Sci. 114:1-13.

Cerri, R.L, Rutgliano, H.M., Bruno, R.G. and Santo, J.P. (2009). Progesterone concentration,
follicular development and induction of cyclicity in dairy cows receiving intravaginal
progesterone inserts. Anim. Prod. Sci. 110:56-70.

Chagas, L.M., Bass, J.J., Blache, D., Burke, C.R. Kay, J.K., Lindsay, D.R., Lucy, M.C.,
Martin, G.B., Meler, S., Rhodes, F.M., Roche, J.R., Thatcher, W.W. and Webb, R.
(2007). New perspectives on the roles of nutrition and metabolic priorities in the
subfertility of high producing dairy cows. J. Dairy Sci. 90:4022-4032.

Chagas, L.M., Rhodes, F.M., Blache, D., Gore, D., Macdonald, K.A. and Verkerk, G.A.
(2006). Precalving effects on metabolic responses and postpartum anestrous in
primiparous grazing dairy cows. J. Dairy Sci. 89:1981-1989.

Chang, Y.M., Rekaya, R., Gionala, D. and Thompson, D.L. (2001). Genetic variation of

lactation curves in dairy sheep: a Bayesian analysis of woods function. Livest. Prod. Sci.
51:89-96.

83



Charles, C. (1998). Nutrition changes in milk composition. Virginia Polytechnic Institute and
state University. Virginia co-operative extension Virginia.

Chase, L. E. (1993). Developing nutrition programmes for high producing dairy herds J. Dairy
Sci., 76:3287 — 3293.

Chelikani, P., Ambrose, J. Keisler, D. and Kennelly, J. (2009). Effect of dietary energy and
protein density on plasma concentrations of leptin and metabolic hormones in dairy
heifers. J. Dairy Sci. 92:1430-1441.

Chelikani, P., Ambrose, J. and Kennelly, J. ( 2003). Effect of dietary energy and protein
densities on body composition, attainment of puberty, and ovarian follicular dynamics in
dairy heifers. Theriogenology 60:707-725.

Clark, C.E., Fulkerson, W.J., Nandra, K.S., Barchia, I, Macmillan, K.L. (2005). The use of
indicators to assess the degree of mobilization of body reserves in dairy cows in early
lactation on a pasture-based diet. Livest. Prod. Sci. 94 (2005) 199-211.

Cole, J. B. and VanRaden, P.M. (2006). Genetic evaluation and best prediction of lactation
persistency. J. Dairy Sci. 89: 2722-2728.

Coulon, J.B. and Remond, B. (1991). Variation in milk output and milk protein content in
response to the level of energy supply to the dairy cow: A review. Livest. Prod. Sci. 29:
31-47.

Cunningham, M. J., Clifton, D.K. and Steiner, R.A. (1999). Leptin’s actions on reproductive
axis: Perspectives and Mechanisms. Biol. Reprod., 60:216-222.

Danfaer, A. (1994). Nutrient metabolism and utilization in the liver. Livest. Prod. Sci.,39:115-
127.

Danshea, F.R., Bell, AW. and Trigg, T.E. (1989). Relationship between plasma non-esterified
fatty acid metabolism and body fat mobilization in primiparous lactating goats. Br. J. of
Nutri., 62:51- 65.

Darwash, A.O., Lamming, G.E. and Woolliams, J.A. (1997). The phenotypic association
between the interval to postpartum ovulation and traditional measures of fertility in dairy
cattle. J. Anim. Sci. 65:9-16.

Daughaday, W.H. and Rotwein, P. (1989). Insulin-like growth factors | and Il. Peptide,
messenger ribonucleic acid and gene structures, serum and tissue concentrations.
Endocrine Rev. 10:68-91.

De Vries, A., Olson, J.D. and Pinedo, P.J. (2010). Reproductive risk factors for culling and

reporductive life inlarge dairy herds in eastern USA between 2001 and 2006. J, Dairy Sci.
93:613-623.

84



de Vries, M. J., and Veerkamp, R. F. (2000). Energy balance of dairy cattle in relation to milk
production variables and fertility. J. Dairy Sci. 83:62—69.

Diskin, M.G. Mackey, D.R., Roche, J.F. and Sreenan, J.M. (2003). Effects of nutrition and
metabolic status on circulating hormones and ovarian follicles development in cattle.
Anim. Reprod. Sci. 78:345-370.

Doepel, L., Lapierre, H., Kennelly, J. (2002). Peripartum performance and metabolism of dairy
cows in response to prepartum energy and protein intake. J, Dairy Sci, 85:2315-2334.

Downing, J. A., Joss, J., and Scaramuzzi, R. J.(1995). Ovulation rate and the concentrations of
gonadotropins and metabolic hormones in ewes infused with glucose during the late luteal
phase of the estrus cycle. J. Endocrin., 146:403-410.

Dudouet, E. (1982). Theoretical lactation curve of the goat and its application. Le Point
Veterinaire 14:53-61.

Duffield, T.F., Kelton, D.F., Leslie, K.E., Lissemore, K.D.and Lumsden, H.J. (1997). Use of
test day milk fat and protein to detect subclinical ketosis in dairy cattle in Ontatrio. Can.
Vet. J. 38:713-718.

Esslemont R. J. (1993). Relationship between herd calving to conception intervals and culling
rate for failure to conceive. Vet. Record 133: 163-164.

Etherton, T.D. (2004). Somatotropic function: The somatomedin hypothesis revisited. J. Anim.
Sci. 82(E Suppl.): E239-244.

Falkenberg, U., Haertel, j., Rotter, K. lweresen, M., Arndt, G. and Heuwieser, W. (2008).
Relationship between the concentration of IGF-1 in serum in dairy cows in early lactation
and reproductive performance and milk yield. J. Dairy Sci. 91:3862-3868.

FAO/IAEA. (1999). Animal production and Health. “Self coating Milk” Progesterone
Radioimmoassay (RIA). Bench protocol Version — Sc RIA 3.1 February 199, .pp64.

Forbes, J.M. (1986). The voluntary food intake of farm animals. Butterworths, London

Garnsworthy, P.C. (2007). Body condition score in dairy cows: targets for production and
fertility. P.C. Garnsworthy and J. Weisman (Eds). Recent Advances in Animal Nutrition.
Nottingham University Press, Nottingham UK. Pp61-68.

Garnsworthy, P.C., Lock, A., Mann, G.E., Sinclair, K.D. and Webb, R. (2008). Nutrition,

metabolism and fertility in dairy cows: 1. Dietary energy source and ovarian function. J.
Dairy Sci. 91:3814-3823.

85



Garret, J.E., Geissert, R.D., Zavy, M.T., Gries, L.K., Wettemann R.P. and bBuchanan, D.S.
(1988). Effecte of exogeneous progesterone on prostaglandin F,, release and the
interestrous interval in bovine. Prostaglandins 36:85-88.

Gong, J. G., Bramley, T. and Webb, R. (1991). The effectof recombinant bovine somatotropin
on ovarian function in heifers: follicular populations and peripheral hormones. Biol.
Reprod. 45:941-949.

Gong, J.G., Lee,W.J, Garnsworthy P.C. and Webb, R. (2002). Effect of dietary-induced
increases in circulating insulin concentration during early postpartum period on
reproductive function in dairy cows. Reprod. 123:419-427.

Gong, J. G., Lee, W. J. and Moghaddan, A. (2000). LH secretion and response to GnRH during
the early postpartum period in dairy cows undergoing genetic selection for milk yield. J.
Reprod. Fert. 25:57 [Abstract].

Green, J.A and Roberts, R.M. (2006). Establishment of an ELISA for detection native bovine
pregnancy-associated glycoproteins secreted by trophoblast binucleate cells. Methods Mol.
Med.122:321-330.

Grieve, D. G., Korver, S., Rijpkema, S. Y. and Hof, G. (1986).Relationship between milk
composition and some nutritional parameters in early lactation. Livest. Prod. Sci. 14:239-
254.

Grimaud, P., Richard, D., Kanwe A., Durier, C. and Doreau, M. (1998). Effect of
undernutrition andrefeeding on digestion in Bos taurus and Bos indicus in a tropical
environment. Anim. Sci. 67:49-58.

Gustafsson, A.H. and Palmquist, D.L. (1993). Diurnal variation of rumen ammonia , serum urea
and milk urea in dairy cows at high and low yield. J. Dairy Sci. 76:475-484.

Gutierrez, C.G., Gong, J.G., Bramley, T.A and Webb, R. (2006). Selection on predicted
breeding value for milk production delays ovulation independently of changes in follicular
development, milk production and body weight. Anim. Prod. Sci. 95: 193-205.

Hafez, E. S. E. and Hafez, B. (2000). Reproduction in Farm Animals. 7" Edition. Hafez and
Hafez (eds) Lippincott Williams and Wilkins pp55-172.

Henno, M., Ots, M., Joudu, 1., Kaart, T. and Kart, O. (2008). Factors affecting the freezing
point stability of milk from individual cows. Inter. dairy J. 18:210-215.

Heuer, C., Schukken, Y. H. and Dobbelaar, P. (1999). Postpurtum body condition score and

results from the 1% test day milk as predictors of disease, fertility, yield and culling in
commercial dairy herds. J. Dairy Sci. 82: 295 — 304.

86



Heuer, C., Van Straalen, W. M., Schukken, Y. H., Dirkzwager, A. and. Noordhuizen, T. M.
(2001).Prediction of energy balance in high yielding dairy cows with test-day information.
J. Dairy Sci.84:471-481.

Holmes, W. (1989). The utilization of pasture. In Ruminant nutrition: Recommended allowance
and feed tables. R, Jarrige, eds. Inst. Natl. Rech. Agron., Paris, France pp 181-192.

Humblot, P. (2001). Use of pregnancy specific proteins and progesterone assays to monitor
pregnancy and determine the timming, frequencies and sources of embryonic mortality in
ruminants. Theriogenology. 56:1417-1433.

Huszenicza, G., Kulscar, M., Nikolic, J., Schmidt, J., Korodi, P., Katai, L. Dieleman, S,
Rabiczei, P. and Rudas, P. (2001). Plasma leptin concentration and its interrelationship
with some blood metabolites, metabolic hormones and the resumption of cyclic ovarian
function in postpartum dairy cows supplemented with monensin or inert fat in feed. In:
Deskin, M.G. (Ed), In Fertility in the high producing dairy cow. British Soceity of
Aniamal Sciences, Edinburgh, UK, pp405-409.

Ibeawuchi, J. A. and Dangut, A. (1996). Influence of stage of lactation on milk constituents of
Bunaji (Zebu) cattle in a hot humid tropical environment. Discovery and Innovation
8:249-256.

llatsia, E., Muasya, T., Muhuyi, B. and Kahi, A. (2007). Genetic and phenotypic parameters
and annual trends for milk production and fertility traits of the Sahiwal cattle in semi-arid
Kenya. Trop. Anim. Health Prod. 39: 37-48.

Irungu, K. R. G. and Mbugua, P. N. (1998). Feeding dairy cows to increase performance on
Rhodes grass ley. In: Proceedings of the 6 biannual KARI conference. Agricultural
Research and Development for Sustainable Resource Management and Increased
Production. Agronam Services Ltd (Eds), Nairobi, Kenya. pp 608.

Jainudeen, M.R. and Hafez, E. S.E. (2000). Reproduction inFarm Animals. 7" Edition. Hafez
and Hafez (eds). Lippincott Williams and Wilkins, pp140-156.

Joshi, B. K., Singh, A. and Gandhi, R. S. (2001) Performance evaluation, conservation and
improvement of Sahiwal cattle in India. FAO Animal Genetic Resources Information 31:
43-54. Retrieved May 2015 from http://agtr.ilri.cgiar.org/Library/docs/agri31l_01.pdf

Jung, D. (1975). New colorimetric reaction for end-point, continuous-flow and kinetic
measurement of urea. Clin. Chem. 21: 1136-1140.

Kaiser, H. F. (1960). The application of electronic computers to factor analysis. Educational and
Psychological Measurement. 20: 141-151.

87


http://agtr.ilri.cgiar.org/Library/docs/agri31_01.pdf

Kanuya, N. L., Kessy, B. M., Bittegeko, S. B. P., Mdoe, N. S. Y. and Aboud, A.A. O.
(2000). Sub-optimal reproductive performance of dairy cattle kept in smallholder herds
in a rural highland of Northern Tanzania, Prev. Vet. Med. 45: 183-192.

Keady, T., Mayne, C.S., Fitzpatrick, D.A. and McCoy, M.A. (2001). Effects of concentrate
feed level in late gestation on subsequent milk yield, composition and fertility of dairy
cows. J. Dairy Sci. 84:1468-1479.

Kendall, C. Leonardi, C., Hoffman, P.C. and Combs, D.K. (2008). Intake and milk production
of cows fed diets that differed in dietary neutral detergent fibre digestibility. J. Dairy Sci.
92:313-323.

Keskin, I. and Dag, B. (2006). Comparison of the different mathematical models for describing
the complete lactation of Akkaraman ewes in Turkey. Asian-Australian J.Anim. Sci.
19:1551-1555.

Khurana, N.K. and Neimann, H. (2000). Energy metabolism in preimplantation bovine
embryos derived invitro or invivo. Biol. Reprod. 62:847-856.

Kim, J. Burgahadt, R.C., Wu, G., Johnson, G.A., Spencer, T.E. and Bazer, F.W. (2011).
Select nutrients in the ovine uterine lumen. XI. Differential effects of arginine, leucine,
glutamine and glucose on interferon tau, ornithine decarboxylase and nitric synthetase in
the ovine conceptus. Biol. Reprod. 84:1139-1147.

Lamming, G.E. and Bulman, D.C. (1976). The use of milk progesterone radioimmunoassay in
diagnosis and treatment of subfertility in dairy cows. Br. Vet. J. 132:507-517.

Larson, S.F., Butler, W.R, and Currie, W.B. (1997). Reduced fertility associated with low
progesterone post breeding and increased milk urea nitrogen in lactating cows. J. Dairy
Sci. 80:1288-1295.

Legates, J.E. (1960). Genetic and environmental factors affecting the solids not fat composition
of milk. J. Dairy Sci. 43:1527-1532.

Leifers, S.C.,Veekamp,R.F., Te Pas, M.F.,Delvand, C., Chiliard, Y.and Vander Lende, T.
(2003).Leptin concentration in relation to energy balance, milk yield, intake, liveweight
and estrus in dairy cattle. J. Dairy Sci.86:799-807.

Littell, R. C., P. R. Henry, and C. B. Ammerman. (1998). Statistical analysis of repeated
measures data using SAS procedures. J. Anim. Sci. 76:1216-1231.

Lopez, H., Satter, L.D. and Wiltbank, M.C. (2004). Relationship between level of milk
production and estrous behavior of lactating dairy cows. Anim. Reprod. Sci. 81:209-223.

88



Lotthammer K.H. (1991). Influence of nutrition on reproductive performance of the
milking/gestating cow in the tropics. In: Speedy A. and Sansoucy R. (Eds), Feeding dairy
cows in the tropics. Proceedings of FAO expert consultation, Bangkok, Thailand. FAO
(Food and Agriculture Organization of the United Nations), Rome, Italy. pp36.

Lowman, B.G., Scott, N. and Somerville P. J. (1976). Condition scoring of cattle. Bulletin, East
of Scotland College of Agriculture. No 6: pp45.

Lucy, M.C,, Savio, J. D., Badinga, L., de la Sota, R. L. and Thatcher, W.W (1992). Factors
that affect ovarian follicular dynamics in cattle. J. Anim. Sci. 70: 3615-3626.

Lucy, M.C.(2001) Reproductive loss in high producing dairy cattle: where will it end? J. dairy
Sci. 84:1277-1293.

Lucy, M.C. (2008). Functional differences in the growth hormone and insulin-like growth factor
axis in cattle and pigs: Implication for postpartum nutrition and reproduction. Reprod.
Domest. Anim. 43 (Suppl. 2):31-39.

Lucy, M.C,, Verkerk, G.A., Whyte, B.E, Macdonald, K.A.,Burton, L., Cursons, R.T., Roche,
J.R. and Holmes, C.W. (2009). Somatotropic axis components and nutrient partitioning
in genetically diverse dairy cows managed under different feed allowances in a pasture
system. J. Dairy Sci. 92:526-539.

Lucy, M. C., Buttler, S. and Goverick, H. (2014). Endocrine and metabolic mechanism linking
postpartum glucose with early embryonic and foetal development in dairy cows. Animal.
8:82-90.

Macmillan, K. L., Fielden, E. D. and Curno. W. R. J. (1977), Factors influencing A B
conception rates VIII. Effect of non-estrus insemination and return patterns after 2"
insemination. New Zealand J. of Exp. Agri. 5:123-127.

Madouasse, A., Huxley, J. N, Browne, W. J.,. Bradley, A. J, Dryden, I. L. and Green, M. J.
(2010). Use of individual cow milk recording data at the start of lactation to predict the
calving to conception interval. J. Dairy Sci. 93:4677-4690.

Mann, G.E. and Lamming, G.E. (2001). Relationship between the maternal endocrine
environment, early embryo development and the inhibition of the luteolytic mechanism
in the cow. Reproduction 121:175-180.

Masama, E., Kusina, N. T., Sibanda, S and Majoni C. ( 2006). A survey of the reproductive
status of cattle in Nharira-Lancashire smallholder dairy scheme, Zimbabwe, Livestock
Research for Rural Development. VVolume 18, Article #115. Retrieved May 2015 from
http://www.cipav.org.co/lrrd/lrrd18/8/masal8115.htm

McClure T. J.(1994). Nutritional and metabolic infertility in the cow.CAB (Commonwealth
Agricultural Bureaux) International, Wallingford, Oxon, UK, pp128.

89


http://www.cipav.org.co/lrrd/lrrd18/8/masa18115.htm

Mclaren,W. (1974). Fertilization, cleavage and implantation.In: Reproduction in Farm Animals,
3" edition E.S.E. Hafez (eds) Lea Febiger, Philadelphia, pp 143 — 165.

McNamara, J. P. (1988). Regulation of bovine adipose tissue metabolism during lactation. Dose
responsiveness to epinephrine as altered by stage of lactation. J. Dairy Sci. 71:643-645.

McNiell, R.E., Diskin, M.G., Sreenan, J.M. and Morris, D.G. (2006). Association between
milk progesterone concentration on different days and with embryo survival during early
luteal phase in dairy cows. Theriogenology. 65:1435-1441.

Mech, A., Dhali, A., Prakash, B. and Rajkhowa (2008). Variation in milk yield and
composition during the entire lactation period in Mithun cows. Livest. Res. Rur. Dev.
20:1-9. Retrieved June 2015 from. http//www.cipav.org.co/lrrd20/5/mech20075.htm.

Miekle, A. Kulscar, M., Chilliard, Y., Febel, H., Dealvaud, C., Cavestany and Chilibroste,
M. (2004). Effects of parity and body condition at parturition on endocrine and
reproductive parameters of the cow. Reprod. 127:727-737.

Moallem, U., Kaim, M., Folman, Y. and Sklan, D.(1997). Effects of calcium soaps of fatty
acids and administration of somatotropin in early lactation on productive and reproductive
performance of high yielding dairy cows. J. Dairy Sci.80:2127-2136.

Moley, K.H., Chi, M., Manchester, J. K., McDougal, D.B. and Lowry, O.H.
(1996).Alterations of intraembryonic metabolites in preimplantation of mouse embryos
exposed to elevated concentration of glucose. Biol. Reprod. 54: 1209-1216.

Moore, D.A., Overton, M.\W., Chebel, R.C., Truscott, M.L. BonDurant, R.H (2005).
Evaluation of factors that affect embryonic loss in dairy cattle. J. Am. Vet. Med. Assoc.
226:1112-1118.

Morris, D.G., Diskin, M.G. and Sreenan, J.M. (2001). Biotechnology in Cattle Reproduction.
Farm and Food, Spring, 2001 pp56.

Muhuyi, B.W. and Lokwaleput, I. (1998). Sahiwal-Friesian crossbred for milk production at
Loldia estate in semi-arid areas of Kenya. In Proceedings of the 6™ KARI Annual
Conference, pp525-531.

Mukasa-Mugerwa, E., Anindo, D., Lahlou-Kassi A., Umunna, N. N. and Tegegne A. (1997).
Effect of body condition and energy utilization on the length of post-partum anoestrus in
PRID-treated and untreated post-partum Bos indicus (zebu) cattle. Anim. Sci., 65:17-24.

Nielssen, N. Friggens, C., Larsen, T. Andersen, B., Nielssen M. and Ingervertsen, K. (2007).

Effects of changes in diet energy density on feed intake , milk yield and metabolic
parameters of cows in early lactation. Animal 1:335-346.

90



Northey, D.L. and. French L. R (1980). Effects of embryo removal and intra uterine infusion of
embryonic homogenate on the lifespan of the bovine corpus luteum. J.Anim. Sci. 50:298 —
302.

Obese, F.Y, Darfour — Oduro, K.A. and Adu, E.K. (2009). Effects of extended postpartum
anoestrus period on the reproductive performance of indigenous beef cattle raised on small
holder farms in Ghana: an overview. Ghan. J. Anim. Sci. 4:1-11.

O’ Callaghan, D.O. and Boland, M.P. (1999). Nutritional effects on ovulation, embryo
development and the establishment of pregnancy in ruminants. J. Anim.Sci., 68:299-314

Odima, P.A., McDermott, J. J. and Motiga, J. (1994). Reproductive Performance of dairy
cows on small-scale holders dairy farmers in Kiambu District of Kenxa. Design,
Methodology and Development Constraints, In: proceedings of the 7" International
Symposium in Veterinary Ecology and Epediomolgy, August 1994, Kenya, pp85.

Oikonomou, G., Arsenos, G., Valergakis, E., Tsiaras, A., Zygoyiannis, D. and Banos, G.
(2008). Genetic relationship of body energy and blood metabolites with reproduction in
Holstein Cows. J. dairy Sci. 91:4323-4332.

Okantah, S.A., Obese, F.Y., Oddoye, E.O., Karikari, P.K., Gyawu, P. and Byant, M.J.
(2005). The effect of farm (herd) and season of calving on the reproductive performance of
Sanga cows in small holder peri-urban dairy farms in the Accra plains. Ghan. J. Agric. Sci.
(NARS Edition 1). pp36-42

@rskov, E.R. (1998). Feed evaluation with emphasis on fibrous roughages and fluctuating supply
of nutrients: A review. Small Rumin. Res. 28:1-8.

Ott, T.I., Dechow, C. and O’Connor, M.L. (2014). Advances in reproductive management:
pregnancy diagnosis in ruminants. Anim. Prod. 11:207-216.

Patton, J., Kenny, D.A., McNamara, S., Mee, J.F., O’Mara, P.F., Diskin, M. and Murphy,
J.J. (2007). Relationship among milk production, energy balance, plasma analytes and
reproduction in Holstein-Friesian cows. J. Dairy Sci. 90:649-658.

Pell, J. and Bates, P.C. (2000). The nutritional regulation of growth hormone action. Nutrition
Research Reviews, 3:163-192.

Perez-Ramarize, E., Dealgarde, R. and Delaby, L. (2008). Herbage intake and behavior
adaptation of grazing dairy cows by restricting time at pasture under two feeding
conditions. Anim. 2:1384-1392.

Perry, J. (1981). The mammalian foetal membrane. J. Reprod. and Fert. 62: 321 — 335.

91



Plaizier, J.C., Fairfield A.M., Azevedo, P.A., Nikkhah, A. Duffield,T.F., Crow, G.H. Bagg,
R. Dick, P. and McBride, B.W. (2005). Effects of monensin and stage of lactation on
variation of blood metabolites within 24 hours in dairy cows. J. Dairy Sci. 88: 3595-3602.

Pratt, D. J. and M. D.Gwynne (1977). Rangeland management and Ecology in East Africa.
Hodder and Stoughton publishers.pp363.

Pryce, J.E., Coffey, M.P., Brotherstone, S. and Woolliams, J.A. (2002). Genetic relationships
between calving interval and body condition score on milk yield. J. Dairy Sci. 85:1590-
1595.

Pryce, J., Coffey, P. M and Simm, G. (2001). The relationship between body condition score
and reproductive performance. J. Dairy Sci. 84:1508-1515.

Pushpakumra, P.G., Gardiner, N.H., Reynolds, C,K, Beever, D.E and Wathes D,C. (2003).
Relationships between transition period diets, metabolic parameters and fertility in
lactating dairy cows. Theriogenology. 60: 1165-1185.

Rabiee, A.R., and Lean, 1.J. (2000). Uptake of glucose and cholesterol by the ovary of sheep
and the influence of arterial LH concentration. Anim. Prod. Sci. 64: 199-2009.

Radclif, R. P., McCormick, B.L., Keisler, D.H., Crooker, B.A. and Lucy, M.C. (2006). Partial
food restriction reduces growth hormone receptor 1A mRNA expression in postpartum
dairy cows. J. Dairy Sci. 89:611-619.

Reid, I.C., Roberts, C.J. and Baird, G.D. (1980). The effects of underfeeding during preganacy
and lactation on structure and chemistry of bovine liver and muscle. J. Agric. Sci. 94: 239.

Riest, M., Erdin, D.K., von Euw, D., Tschumperlin, K.M., Leuenberger, H., Hammon, M.H.,
Morel, C., Philipona, C., Zbinden, Y., Kunzi, N. and Blum, J.W. (2003). Postpartum
reproductive function: association with energy, metabolic and endocrine status in high
yielding dairy cows. Theriogenology 59:1707-1723.

Riest, M., Erdin, D.K., von Euw, D., Tschumperlin, K.M., Leuenberger, H., Chiliard, Y.,
Hammon, M.H., Morel, C., Philipona, C., Zbinden, Y., Kunzi, N. and Blum, J.W.
(2002). Estimation of energy balance at the individual and herd level using blood and milk
traits in high yielding cows. J. Dairy Sci. 85:3314 — 3327.

Rhind, S.M., McMiillen, S., McKelvey, W.A.C., Rodriguez-Herrejon, F.F. and McNeilly,
A.S. (1989). Effects of body condition of ewes on secretion of LH and FSH and the
pituitary response to GnRH. J. Endocrin. 120:497-502.

Rhodes, F.M., Entwistle, K.W. and Kinder, J. E. (1996). Changes in ovarian function and

gonadotropin secretion preceding the onset of nutritionally induced anoestrus in bos
indicus heifers. Biol. Reprod. 55:1437-1443.

92



Robinson, J. J.(1990). Nutrition in the reproduction of farm animals. Nutr. Res. Rev.3:253-276.

Roche, J.R., Berry, D.P. and Kolver, E.S. (2006). Holstein-Friesian strain and feed effects on
milk production, body weight and body condition score profiles on grazing dairy cows. J.
Dairy Sci. 89:3532-3543.

Roche, J. F., Mackey D.and Diskin M.D. (2000) Reproductive management of postpartum
cows. Anim. Reprod. Sci., 61:70 — 712.

Roche, J.R., McDonald, K.A., Burke, C.R., Lee, J.M. and Berry, D.P. (2007). Association
among body condition score, body weight and reproductive performance in seasonal
calving dairy cattle. J. Dairy Sci. 90:376-391.

Rodriguez L. A., Stallings C C, Herbein J. H. and McGilliard M. L. (1997) Effect of
degradability of dietary protein and fat on ruminal, blood and milk components of Jersey
and Holstein cows. J. Dairy Sci. 80:353-363. Retrieved May 2015 from
http://jds.fass.org/cgi/reprint/80/2/353.pdf

Roseler, D.K., Fergusson, J D., Sniffen, C. J. and Herrema, J. (1993). Dietary protein
degradability effects on plasma and milk urea nitrogen and milk non-protein nitrogen in
Holstein cows. J. Dairy Sci. 76:525-534.

Royal, M. D., Flint A. P, and Woolliams, J. A. (2002). Genetic and phenotypic relationships
among endocrine and traditional fertility traits and production traits in Holstein-Friesian
dairy cows. J. Dairy Sci. 85:958-967.

Rukkwamsuk, T., Wensing, T. and Kruip, T.M. (1999). Relationship between triacylglycerol
concentrations in the liver and first ovulation in postpartum dairy cows. Theriogenology,
51:1133-1142.

Russell, J.B., O’Connor. J.D., Fox, D.G., Van Soest, P.J. and Sniffen, C.J. (1992). A net
carbohydrate and protein system for evaluating cattle diets. 1 Ruminal fermentation. J.
Anim. Sci. 70:3551-3561.

Sangsritavong, S., Combs, D.K., Sartori, R., Armentano, L.E. and Wiltbank, M.C. (2002).
High feed intake increases liver blood flow and metabolism of progesterone and estradiol-
1713 in dairy cattle. J. Dairy Sci. 85:2831-2842

Santos, J.P., Rutigliano, H.M. and Sa Filho M.F. (2009). Risk factors for resumption of
postpartum estrous cycles and embryonic survival in lactating dairy cows. Anim. Prod.
Sci. 110:207-221.

Santos, J.P., Thatcher, W.W., Chebel, R.C., Cerri, R.L. and Galvao, K.N. (2004). The effects

of embryonic death rates in cattle on the efficacy of estrous synchronization programmes.
Anim. Prod. Sci. 82:513-535.

93


http://jds.fass.org/cgi/reprint/80/2/353.pdf

Sartori, R., Gumen, A., Guenther, J.N., Souza, A.H., Caraviello, D.Z. and Wiltbank, M.C.
(2006). Comparison of artificial insemination verses embryo transfer in lactating dairy
cattle. Theriogenology 65:1311-1321.

SAS Institute. (2001). SAS user’s guide: Statistics. SAS institute Inc. Cary. NC, USA.

Schwartz, M. W., Seely, R. J., Campfield, L.A., Burn, P. and Baskin, P. (1996). Identification
of targets of leptin action in rat hypothalamous. J. Clinic. Invest. 98:1101-1106.

Short, R. E. and Adams, D. (1988). Nutritional and hormonal interrelationships in beef cattle
reproduction. Can. J. Anim. Sci., 68:19-39.

Smith, D. G., D. Cuddeford, and R. Pearson. 2006. The effect of extended grazing time and
supplementary forage on the dry matter intake and foraging behavior of cattle kept under
traditional African grazing systems. Trop. Anim. Health Prod. 38: 75-84.

Souza, A.H., Narciso, C.D., Batista, E.O.,Carvalho, P.D. and Wiltbank, M.C (2014). Effect of
uterine environment on embryo production and fertility in cows. Anim. Prod. 11:159-167.

Sreenan, J. M. and Diskin, M.G. (1986). The extent and timming of embryonic mortality in the
cow. In: Embryonic mortality in farm animals. Sreenan, J. M. and Diskin, M. G (Eds.)
Dordrecht, Netherlands; Martinus Nijhoff Publishers, pp324.

Stagg, K., Diskin, M.G., Sreenan, J. M. and Roche, J. F. (1995). Follicular development in
long term anoestrus suckler beef cows fed two levels of energy postpartum. Anim. Reprod.
Sci. 38:49-61.

Staples, C.R., Thatcher, W.W. and Clark,J. H. (1990). Relationship between ovarian activity
and energy status during the early postpartum period of high producing dairy cows. J.
Dairy Sci. 73:93 — 47.

Stevenson, J.S. (2001). Reproductive management of dairy cows in high milk producing herds. J.
Dairy Sci. 84(sppl):E128-E143.

Stevenson, J. S., Lamb, G.C, Hoffman, D.P. and Milton, J. E.(1997) Interrelationship of
lactation and postpartum ovulation in suckled and milked cows. Livest. Prod. Sci. 50:57-
74.

Stevenson, J.S., Pursley, J.R., Garverick, H.A., Fricke, P.M., Kessler, D.S, Ottobre, J.S. and
Wiltbank, M.C. (2006). Treatment of cycling and non-cycling cows lactating dairy cows
with progesterone during ovsynch. J. Dairy Sci.89:2567-2578.

Stevenson, J.S., Hill, S.T., Nebel, R.L. and Dejarnette, J.M. (2014). Ovulation timing and

conception risk after automated activity monitoring in lactating dairy cows.J. Dairy Sci.
97:4296-4308.

94



Studer, E. (1998). A veterinary perspective of on-farm evaluation of nutrition and reproduction.
J. Dairy Sci. 81:872 — 876.

Sutter, F and Beever (2000). Energy and nitrogen metabolism in Holstein-Friesian cows during
early lactation. Anim. Sci. 70:503-514.

Swali, E. S., Kyakaisho, P. and Ole-Kawanara, M. (2007). Studies on the reproductive
performance of crossbred dairy cows raised on smallholder farms in eastern Usambara
mountains, Tanzania. Livest. Res. Rural Dev. 19 (5):32-40.

Tadasse, M., Theingtham, J., Pinyopummin, A. and Prsanpanich, S.(2010). Productive and
reproductive performance of Holstein Friesian dairy cows in Ethiopia. Livest.Res. Rural
Dev. 22(2):1-12.

Taylor, V.J., Chen, z., Pushpakumara, P.G., Beever, D.E. and Wathes, D.C. (2004).
Relationship between the plasma concentrations of IGF-1 in dairy cows and their fertility
and milk yield. Vet. Rec. 155:583-588.

Thatcher, W.W., Binneli, M., Burke, J. Staples, C.R., Ambrose, J.D. and Coelho, S.
(1997).Antiluteolytic signals between the conceptus and endometrium. Theriogenology.
47:131-140.

Thatcher, W.W., Moreira, F., Santos, J.E., Mattos, R.C., Lopes, F.L and Pancarci, S.M.
(2001). Effects of hormonal treatments on reproductive performance and embryo
production. Theriogenology. 55:75-89.

Tietz, N. (1986). Fundamentals of clinical chemistry. 3" Edition. W.B. Saunders Company,
Philadelphia.

Topps J.H. (1994). Nutritional constraints affecting small-scale dairying in three districts of
Kenya. In: Mutisi C., Gomez M., Madsen J. and Havelplund T. (eds), Proceedings of the
workshop on integrated livestock/crop production systems in the small scale and
communal farming systems in Zimbabwe. pp.125-131.

Townson, D.H., Tsang, P., Buttler, W,R., Frajblat, M., Griel, L., Johnson, C., Milvae, R.,
Niksic, G., and Pate, J. (2002). Relationship of fertility to ovarian follicular waves before
breeding in dairy cows. J. Anim. Sci. 80:1053-1058.

Van Arendonk, J., Nieuwhof, G., Vos, H. and Korver, S. (1991).Genetic aspects of feed intake
and efficiency in lactating dairy heifers. Livest. Prod. Sci., 29:263-275.

Van der Valk, Y.S. (1992).Ministry of livestock development, National Dairy Development

Project. Review report of the surveys with dairy evaluation and advice form during 1991.
Nairobi-Naivasha, Kenya.

95



Vasconcelos, J., Sangsritavong, S., Tsali, S. and Wiltbank, M.C. (2003). Acute reduction in
serum progesterone concentration after feed intake in dairy cows. Theriogenology 60:795-
807.

Waldo, D.R. (1986). Effects of forage quality on intake and forge-concentrate interactions. J.
Dairy Sci. 69:617-629.

Fricke, P.M., Carvalho, P.D., Giordano, J.O., Valenza, A. Lopez, G. and Amundson, M.C.
(2014). Expression and detection of estrus in dairy cows: the role of new technologies.
Animal. 8(suppl.1):134-143

Walker, G.P., Dunshea, F.R. and Doyle, P.T. (2004). Effects of nutrition and management on
the production and composition of milk fat and protein: A review. Aust. J. of Agric, Res.
55:1009-1028.

Walsh, S., Buckley, F., Pierce, K., Byrne, N., Patton, J. and Dillon, P. (2008). Effects of breed
and feeding system on milk production, body weight, body condition score, reproductive
performance and postpartum ovarian function. J. Dairy Sci. 91:4401-4413.

Walsh, R.B., Walton, J.S., Kelton, D.F., LaBlanc, S.J. Lesslie, K.E and Duffield. (2007). The
effects of subclinical ketosis in early lactation on reproductive performance of postpartum
cows. J. Dairy Sci. 90:2788-2796.

Walshe, M.J., J. Grindle, A. Nell, and M. Bachmann. (1991) Dairy Development in Sub-
Saharan Africa: A Study of Issues and Options. 1991. The International Bank for
Reconstruction and Development/The World Bank. 1818 H Street, N.W., Washington,
D.C.20433, USA. pp21.

Ward, R.W., Murray, R.D., White, R.A. and Rees, E.M. (1995). The use of blood
biochemistry for determining the nutritional status of dairy cows. P.C. Garnsworthy and J.
Wiseman (Eds). Recent Advances in Animal Nutrition, NottinghamUniversity Press,
Nottingham, UK. pp29-51.

Washburn, S.P., Silvia, J., Brown, H., McDaniel, T. and McAllister, A.J. (2002). Trends in
reproductive performance in south eastern Holsteins and Jersey DHI herds. J. Dairy Sci.
85:244-251.

Wathes, D.C., Bourne, N., Cheng, Z., Mann, E. Taylor, J. and Coffey, P. (2007). Multiple
correlation analysis of metabolic and endocrine profiles with fertility in primiparous and
multiparous cows. J. Dairy Sci. 90:1310-1325.

Webb, R., Garnsworthy, P.C., Gong, J.G. and Armstrong , D.G. (2004). Control of follicular

growth: Local interactions and nutritional influences. J. Anim. Sci. 82 (Electronic
Sppliment), E63-E74.

96



Weber, C., Hametner, C., Tuchscherer, A., Losand, R., Kanitz, E., Otten, W., Singh, S.
Bruckmaier, R., R. Becker, F. and Kanitz, W. (2013). Variation in fat mobilization
during early lactation differently affects feed intake, body condition, lipid and glucose
metabolism in high yielding dairy cows, J. Dairy Sci. 96:165-180.

Weller, J.1., Ezra, E. and Leitner, G. (2006). Genetic analysis of persistency in the lIsraeli
Holstein population by the multitrait animal model. J. Dairy Sci. 89:2738-2746.

Wiltbank, M.C., Lopez., H., Sartori, R., Sangsritavong, S. and Giimen, A. (2006). Changes in
reproductive physiology of lactating dairy cowsdue to elevated steroid metabolism.
Theriogenology. 63:17-29.

Wiltbank, M.C., Souza, A.H., Carvalho, P.D., Bender, R.W. and Nascimento, A.B. (2012).
Improving fertility to timed artificial insemination by manipulating circulating
progesterone concentrations in lactating dairy cattle. Reprod. Ferttil. Dev. 24:238-243.

Wu, G. Bazer, F.W., Satterfield, M.C., Li, X., Wang, X., Johnson, G.A., Burghardt, R.C.,
Dai, Z., Wang, J. and Wu, Z. (2013). Impacts of arginine nutrition on embryonic and
foetal development in mammals. Amino Acids. 45:241-256.

Yelich, J., Wetteman, H., Dolezal, K., Lusby, D., Bishop, K and Spicer, J. (1995). Effects of
growth rate on carcass composition and lipid partitioning at puberty and growth hormone,
insulin-like growth factor 1, insulin, and metabolites before puberty in beef heifers. J.
Anim. Sci. 73:2390-2405.

Zieba, D., Amstalden, M. and Williams, G, L. (2005). Regulatory roles of leptin in
reproduction and metabolism: A comparative review. Domest. Anim. Endocrinol. 29:166-
185.

Zurek, E., Foxcroft G.R., and Kenelly J. (1995). Metabolic status and interval to first ovulation
in postpartum dairy cows. J. Dairy Sci., 78:1909 — 1920

97



APPENDIX

Submitted Titles for Publication
Submitted to Bulletin of Animal Health and Production in Africa (July 2015)

1) Effects of Nutritional Supplementation and Genotype on Milk Production and
Fertility of Lactating Dairy Cattle under Tropical Conditions
Indetie, D*., Musalia, L., Bebe, B., Wathuta, E2, Indetie A, Kinywa®, J. & Lukibisi, F.
Kenya Agricultural Research Institute, P.O. Box 3840, Nakuru, Kenya;’Egerton University, P.O.
Box 536, Egerton, Kenya.

2) Effects of Body Weight and Body Condition Changes after Parturition on the
Reproductive Performance of Sahiwal and Friesian Cattle
D. Indetie’, L. Musalia®, B. Bebe?, E. Wathuta?, A. Indetie, J. Kinywa®, and F. Lukibisi*
'Kenya Agricultural Research Institute, P.O. Box 3840, Nakuru, Kenya;
’EgertonUniversity, P.O. Box 536, Egerton, Kenya.

Submitted to Livestock Research for Rural Development (August 2015)

1) The Role of Nutrition on Metabolic and Hormonal Profiles and their Influence on
Reproductive Performance of lactating Dairy cattle
D. Indetie™”, L. Musalia®, B. Bebe?, E. Wathuta?, A. Indetie’, J. Kinywa', and F. Lukibisi
'Kenya Agricultural Research Institute, P.O. Box 3840, Nakuru, Kenya;
2EgertonUniversity, P.O. Box 536, Egerton, Kenya

98



99



