Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



THE EFFECT OF MILK FEEDING LEVELS ON GROWTH RATES OF
HIGH AND LOW BI FRIESIAN BULL CALVES BEFORE AND AFTER WEANING

A thesis presented in partial fulfilment of
the requirements for the degree of Master

of Agricultural Science at Massey University,

New Zealand.

WANG, XINJUN

1984



ABSTRACT

Eight Friesian bull calves from high breeding index parents (HBI,
BI of parents = 134) and eight from l1ow breeding index parents (LBI,
BI of parents = 103) were used to estimate the effects of milk intake
and BI on calf growth performance, voluntary herbage intake, digestion
and nitrogen metaboli sm.

1. The calves were allocated to one of two levels of milk intake
fram 3 weeks of age until weaning at about 7.5 weeks of age. The milk
was fed twice daily at either 4.5 (LM) or 6.0 (HM) litres/calf/d.

2. Daily intakes of freshly harvested herbage (perennial rye-
grass and white clover pasture) offered ad libitum throughout the pre-
weaning period and for a further 3 weeks period following weaning,
were measured.

3. The calves were then grazed on pasture together in a mob and
the liveweight at 21-25 weeks of age was measured.

4y, Calf growth rates at various stages were recorded. The HM
calves grew significantly (p<0.05) faster than LM calves (0.55 v 0.44
Kg/d) in the pre-weaning period. Their growth rate was slower in the
3 weeks following weaning (0.21 v 0.31 Kg/d) but the difference in
this period was not significant.

5. The overall growth rate from 3 to 21-25 weeks of age was not
significantly different between HM and LM calves (0.52 v 0.53 Kg/d),
nor was the calf LW at 21-25 weeks of age (124 v 130 Kg for HM and LM
calves respectively).

6. LM calves consumed significantly (p<0.01) more herbage
organic matter (OM) both before and after weaning (0.18 and 0.33 Kg
OM/d pre-weaning and 1.13 and 1.28 Kg OM/d post-weaning for HM and LM
calves respectively). Reducing daily milk intake by 1 Kg increased
daily herbage OM intake by 0.11 Kg before weaning and by 0.12 Kg after
weaning. The difference in herbage intake caused by milk intake level
persisted for two weeks following weaning. It was not significantly
different in the third week after weaning.

7. It was demonstrated that the LW at the commencement of the
experiment (3 weeks of age) was positively correlated with the mean

overall growth rate (from 3 to 21-25 weeks). LW at 3 weeks of age was



also positively correlated with the voluntary herbage intake in the
third week following weaning, and also digestibility of herbage
organic matter in the post-weaning period.

8. By extrapolating the linear relationship between nitrogen

75

retention (NR) and nitrogen intake (NI) per metabolic weight (Kg° D

the estimated nitrogen requirement for maintenance (Nm) was 0.418 g
N/Kg® 7%/d.

9. There were no significant differences in growth rate, herbage
voluntary intake, digestibility or nitrogen metabolism between the BI

groups, nor any interactions between the BI and levels of milk intake.



ACKNOWLEDGEMENTS

The author gratefully thanks Dr. G.F.Wilson and Dr. I.M.Brookes
for their willingness to be his supervisors and the guidance and

encouragement given by them for the project.

Acknowledgment is also made of:

Members of the Animal Science Department for their interest in the
project and their encouragement and help during the process of the
work.

The staff in Animal Physiology Unit and on No.3 Dairy, Massey
University, and especially Mr. W.B.Parlane who made the calves avai-

lable and the project a much easier task.

Mmes. J.A.Rumbal and J.P.Bridges for their help during the process of

the experiment.

The staff in Animal Science Department Laboratary for their skilful

work on chemical analysis.

Friends who have, in one way or another, offered their help.

The project was carried out wunder the finacial support from the

government of the People's Republic of China.



TABLE OF CONTENTS

Page
ABSTRACT
INTRODUCTION —====== === === e m 1
CHAPTER 1 REVIEW OF LITERATURE -------==----c----—ooooommm oo 3
1.1 Anatamical and Physiological Development ---------- <
of the Alimentary Tract of Young Calves
1.2 Development of Solid Feed Intake ------------------ 8
1.3 The Digestion of the Main Nutrients -------------- 27
1.4 Energy and Protein Requirements ------------------ 37
1.5 Some Typical Calf Rearing Systems ---------------- 48
CHAPTER 2  MATERIALS AND METHODS --------=--=---cc—-ooooooo—- 52
2.1 Experiment Design and Procedure ------------------ 52
2.2 Experimental Foods ----------------cc-----————o-—- 55
2.3 Experimental Animals ---------------------—-———--- 56
2.4 Experimental Procedure---------------------------- 57
2.5 Statistical Analysis------------------------------ 61
CHAPTER 3  RESULTS =---====---mmmmmmmo o oo oo mm oo 63
3.1 Animal Health ---------------------—---—————————o 63
3.2 Feed Quality ----------=-------------—————————o oo 63
3.3 Feed Intake -----=-----=-----------—-——————— oo 66
3.4 Calf Growth Performance and LW Change ------------ 7
3.5 Digestion and Nitrogen Metabolism ---------------- 78
CHAPTER 4  DISCUSSION --=========-c-se-eceeccccecccooooooooe 84
4.1 Calf Food Consumption ----------------—c-co—--m-co—- 84
4.2 Calf Growth Performance -----------------------—--- 91
4.3 Digestion and N Metabolism ------------=---------- 94
4.4 Calf Health -------------------oommm oo mmmm oo 97
4.5 Conclusion -========--=--=-----o-—oo—omo— oo 98
REFERENCES === === === oo o oo oo oo s o o o 99

APPENDICES === == === == oo o oo o oo oo 108



Table

Page
1.1 Percentage of Bovine Stomach Tissue Contributed ---------- 4
by Each Compartment
1.2 The Effect of Whole Milk Feeding Level on Stomach -------- 4
Development of Calves Slaughtered at 12 weeks of Age
1.3 Comparison of Some Characteristics of Concentrate, ------ 22
Pasture and Hay
1.4 vVolatile Fatty Acid Concentrations in the Rumen Liquor -- 35
1.5 Some Estimates of MEm of Calves ---------—----cc-—eeeuoo- 39
1.6 Some Estimates of Kg in Pre-ruminants -------------—-—----- 45
2.1 The Experimental Description ----------cccmmmmmmccce e 52
2.2 The Layout of the Digestibility Trials ----------=-------- 59
3.1 Milk Composition -------------—-— - 64
3.2 Composition of Herbage Fed to Calves -------------------- 64
3.3 In vivo and in vitro Digestibility of Herbage OM -------- 65
3.4 Calf Milk Consumption ======-—=cccmmmmm - 66
3.5 Comparison of Herbage Intake of HM and LM Calves -------- 67
3.6 Comparison of Herbage Offered and Refused --------------- 70
3.7 Calf LW at Different Stages of the Experiment ----------- 1
3.8 The Growth Rate of HM and LM Calves --------------———-—--- 73
3.9 The Growth Rate of HBI and LBI Calves ---==-=-=-=-==-==----- 73
3.10 Regression Equations Relating EBWG to HOMI in Period I -- 75
3.11 The Regression Equations Relating EBWG to ME Intake ----- 76
3.12 Digestibility of OM of the Whole Diet in Period I ------- 78
3.13 'Estimated' DOM of Herbage in Period I ------------=-=----- 79
3.14 DOM of Herbage in Period II -----------—---—c———meommo - 80
3.15 Comparison of Some Parameters of Nitrogen Metabolism ---- 82
in Period I
3.16 Comparison of Some Parameters of Nitrogen Metabolism ---- 83
in Period II
4.1 Comparison of Solid Food Replacement for Milk ----------- 85

LIST OF TABLES




TABLE OF FIGURES

Figure Page

1.1 Probable Relationship between Energy and ---------------- 16
Food Intake Controlling Mechanisms

1.2 Comparison of Two Relationships between ----------------- 17
Voluntary Intake and Digestibility

1.3 The Relationship between Herbage OM digestibility(%) ---- 23
and OM Intake of Grazing Calves

3.1 The Variation of in vitro DOMD and Ash Content ---------- 65
of Herbage Used over the Experimental Period

3.2 The Relationship of Calf Herbage Intake and Age --------- 67

3.3 The Relationship between Milk and Herbage intake -------- 68
in Period I

3.4 The Relationship between Milk Intake in Period I -------- 69
and HOMI in Period II

3.5 The Relationship between HOMI before and after Weaning -- 70

3.6 The Relationship between Calf LW and Age ---------------- T2

3.7 Calf ME Intake and Growth Rate -----------------—-———c-—- a7

4.1 The Calf DE Intake from Milk and Herbage ---------------- 84
in Period I and II

4.2 The Comparison of Relationship between Milk Intake ------ 95

and Digestibility of the Diet



APPENDIX ONE
APPENDIX TWO

LIST OF APPENDICES




