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Abstract 

In primiparous sows, feed intake is generally insufficient to meet lactation demands. 

Inadequate nutrient supply increases mobilisation of body reserves and, as a 

consequence, affects subsequent reproduction. Excessive loss of body reserves during 

lactation is not only associated with delayed post-weaning oestrus and the size of the 

subsequent litter, but also increases culling rate and reduces sow longevity and the 

productivity of the breeding herd. The aim of the thesis was to develop a clear 

understanding of the impact of a negative energy balance during lactation on the 

reproductive performance of modern primiparous sows in Australia, and evaluate 

feeding strategies involving energy manipulations during crucial periods intended to 

improve subsequent litter size.  

 

In the first study, the associations of sow body weight changes during lactation and 

the body weight at weaning with subsequent reproductive performance were studied 

to investigate breeding herd performance in South Australia. By minimising body 

weight loss and maintain adequate body reserves at weaning through the supply of 

sufficient energy when rearing equal to or less than ten piglets during lactation, the 

post-weaning reproductive performance and fertility had no influence in modern 

primiparous sows. 

 

In the second study, the carry-over effects of energy intake during the early antral 

phase and subsequent follicular phase on follicle recruitment and ovulation rate were 

assessed using a gilt model. Follicle size at the end of the luteal phase was greater for 

gilts that were previously fed at a high feed level. During the follicular phase, high 

feeding increased follicle size at Day 5 and plasma oestradiol concentration. 



x 

Nevertheless, a low feed level during the luteal phase reduced ovulation rate and the 

number of embryos, and this was not counteracted by feed level during the follicular 

phase. Plasma progesterone concentration after ovulation was lower for gilts that 

were restricted-fed throughout the whole period than for other treatments. These 

results indicate that undernutrition during early antral follicular development has a 

residual effect on follicle recruitment and quality.  

 

In the third study, the effects of substituting 1 kg of a standard lactation diet with 1 kg 

of a sugar-rich or fat-rich diet during late lactation on blood glucose and insulin 

changes were investigated. The results demonstrated that a sugar-enriched diet during 

the last week of lactation elevates circulating glucose and insulin concentrations, and 

offer a means to improve post-weaning fertility in primiparous sows. Therefore, the 

fourth study investigated the effects of pre-weaning energy substitutions plus post-

weaning altrenogest treatment as positive control on follicular development, 

endocrine characteristics and subsequent litter size in primiparous sows. The 

weaning-to-ovulation interval tended to be reduced in the sugar-rich treatment, 

although body weight loss during the treatment period, post-weaning follicle 

development, plasma oestradiol and pre-weaning leptin did not differ among 

treatments, except body weight loss was lower and leptin was higher in the 

altrenogest treatment. Post-ovulatory progesterone concentration in the sugar 

treatment was higher. Sows in the sugar-rich and altrenogest treatments had a greater 

proportion of litters with larger litter sizes. The outcome indicates that increasing 

circulating insulin and glucose concentrations during late lactation or a week of 

metabolic recovery produces large subsequent litter size in primiparous sows.  

 



xi 

Industry will be able to achieve an improvement of reproductive performance by 

maximising energy intake (using an insulin-stimulating diet) during late lactation, or 

by post-weaning altrenogest administration for a week for energy restoration. 

Otherwise, adverse impacts of a negative energy balance during lactation will be 

carried over into the mating period, and will depress subsequent reproductive 

performance. 

 



xii 

Declaration 

I certify that this work contains no material which has been accepted for the award of 

any other degree or diploma in any university or other tertiary institution and, to the 

best of my knowledge and belief, contains no material previously published or 

written by another person, except where due reference has been made in the text. In 

addition, I certify that no part of this work will, in the future, be used in a submission 

for any other degree or diploma in any university or other tertiary institution without 

the prior approval of the University of Adelaide and where applicable, any partner 

institution responsible for the join-award of this degree. 

 

I give consent to this copy of my thesis when deposited in the University Library, 

being made available for loan and photocopying, subject to the provisions of the 

Copyright Act 1968. 

 

The author acknowledges that copyright of published works contained within this 

thesis (as listed below) resides with the copyright holder(s) of those works. I also give 

permission for the digital version of my thesis to be made available on the web, via 

the University's digital research repository, the Library catalogue and also through 

web search engines, unless permission has been granted by the University to restrict 

access for a period of time. 

 

 

December 2012 

 

 



xiii 

Publication list 

Chapter 3: Undernutrition during early follicle development has irreversible effects 

on ovulation rate and embryos  

T.Y. ChenA, P. StottA, R.Z. AthornA, E.G. BouwmanB,  and P. LangendijkB 

 

ASchool of Animal and Veterinary Sciences, The University of Adelaide, Roseworthy Campus, 
Roseworthy, South Australia, 5371.  
BSouth Australian Research and Development Institute, Roseworthy Campus, Roseworthy, South 
Australia, 5371.  
 

Published in 2012 Journal of Reproduction, Fertility and Development (24) 886-892 

 

Chapter 4: Effects of pre-weaning substitutions on plasma insulin and glucose 

profiles in primiparous sows  

T.Y. ChenAB, P. StottA, S. O’LearyC, R. Z. AthornA, E. G. BouwmanB and P. 
LangendijkAB 

 
ASchool of Animal and Veterinary Sciences, The University of Adelaide, Roseworthy Campus, 
Roseworthy, SA, Australia 
BSouth Australian Research and Development Institute, Roseworthy Campus, Roseworthy, SA, 
Australia 
CDiscipline of Obstetrics and Gynaecology, The University of Adelaide, Adelaide, SA, Australia 
 
Published in 2012 Journal of Animal Physiology and Animal Nutrition. 
DOI: 10.1111/j.1439-0396.2012.01321.x 
 

Chapter 5: Effects of pre-weaning energy substitutions on post-weaning follicle 

development, steroid hormones and subsequent litter size in primiparous sows 

T.Y. ChenAB, P. StottA, E.G. BouwmanB and P. LangendijkB 

ASchool of Animal and Veterinary Sciences, The University of Adelaide, Roseworthy Campus, 
Roseworthy, South Australia, 5371.  
BSouth Australian Research and Development Institute, Roseworthy Campus, Roseworthy, South 
Australia, 5371.  
 

Published in 2012. Reproduction in Domestic Animals. DOI:10.1111/rda.12118 

  



xiv 

Contributions of jointly authored papers 

The work presented in the thesis was carried out in collaboration between all authors 

in three publications that contains in the thesis. Dr Philip. Stott and Dr Pieter. 

Langendijk provided sufficient supervision on project conception, research direction, 

experiment design and data analysis throughout all experiments, and approved the 

manuscripts. In particular, they made arrangements to cover the research funding 

required for the studies. Dr Sean O’Leary performed non-surgical ear vein 

catheterization to allow serial blood sample collection. Mrs Emmy Bouwman 

provided a scanning training program using ultrasound device and taught essential 

skills that were needed for measurements and sample collections at field and also in 

the laboratory. Miss Rebecca Athorn assisted data collection during the experimental 

period. 

 

The (co)-authors give permission for the publications of their collaboration to be 

included in the thesis.  

  

 

Dr Philip Stott    

Dr Pieter Langendijk    

Dr Sean O’Leary  

Emmy Bouwman  

Rebecca Athorn  

 



xv 

Acknowledgements 

I cannot remember how many times I looked at the dawn sunlight through my office 

window when I was trying to write up my papers and thesis, and now, it is time to 

close the book! During this four years study journey, I have been through lots of 

difficult situations but fortunately there was always someone who would like to help 

me out and make my study and life here much easier. To begin with, I would very 

much like to thank my supervisors Dr Philip Stott and Dr Pieter Langendijk for their 

high tolerance of my poor English communication skills and their help to make my 

PhD degree possible, particularly with minimal research grant support. They were not 

just simply my supervisors to guide me on research conception but also like friends 

that gave me comfort and support from the beginning. In addition, I have never seen 

such an incredible woman as Emmy Bouwman, who was able to chase pigs around 

for projects during her entire pregnancy, and contributed an amazing amount of time 

helping me out with training in study skills and data collection. Also, the staff at the 

PPPI Roseworthy piggery, in particular, the manager Andre Opperman, and former 

staff David McNeill and Chris Craven provided sufficient animals, facilities and 

assistance throughout my experiments. 

 

During my six years overseas, I would like to thank my family for all the moral 

support and encouragement that I received. Dad, Mum and my brother, you are so 

important to me in my life, and I knew I could not finish my study without your 

support. My Greek host family and relatives, your generosity and kindness mean a lot 

to a person who was a thousand miles away from home, and you always treated me as 

one of the family members and offered me lots of food for many years to stave off 

starvation. And of course, all my friends here, they always tried to cheer me up and 



xvi 

they never gave up on me, particularly those friends who helped me through the 

difficult times or offered affordable accommodations during my first two years. In 

short, I am so very grateful all the people who I mentioned above, if you had not been 

there to stand by me I may have been gone by now. Finally, I would like to thank all 

the security guards who came to check on me in the middle of the night, seven days a 

week for these years, to make sure I was still alive in my office. I can tell you guys “I 

finished my PhD and I am still breathing!”. 

  


	TITLE: Dietary energy manipulations and reproductive performance in primiparous sows
	Table of Contents
	LIST OF TABLES
	LIST OF FIGURES
	Abstract
	Declaration
	Publication list
	Contributions of jointly authored papers
	Acknowledgements


