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Abstract 

The primary aim of this thesis was to determine the role of insulin in milk protein 

production In pasture-fed lactating ruminants (ewes and cows), using the 

hyperinsulinaemic euglycaemic clamp (HEC) technique. 

Three experiments were carried out. In the first 2 experiments, the response of pasture

fed ewes and dairy cows to the HEC were established and compared to concentrate-fed 

ruminants (dairy cows and goats). Use of the HEC technique in pasture-fed ruminants 

did not result in an increase in milk protein yield or concentration. However, a 

reduction in feed intake along with maintenance of milk protein yield resulted in a 

change in efficiency of utilisation of dietary crude protein for milk protein production. 

This indicated that changes in blood insulin could result in changes in nutrient 

partitioning to maintain milk protein production. 

In Experiment 3, mechanisms were examined that could maintain milk protein 

production despite a reduction in feed intake. The arterio-venous concentration 

difference technique and a leucine tracer infusion were used to measure amino acid 

(AA) uptake and subsequent metabolism for milk protein production under conditions 

imposed by the HEC. This experiment demonstrated that the HEC reduced AA supply 

to the mammary gland and there was a decrease in the uptake of some AA. There was 

no increase in mammary blood flow to compensate for this. The deficit in the ratio of 

AA uptake to their secretion in milk protein suggests the use of plasma free AA 

concentrations underestimates uptake of AA by the mammary gland and there are 

contributions by alternative sources such as peptide AA and erythrocytes. There was 

no decrease in leucine oxidation in the mammary gland, indicating that AA were not 

conserved for milk protein production through an alteration in this mechanism. These 

results support the theory that the mammary gland has the ability to respond to modified 

precursor supply to maintain milk protein output. 
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Thesis summary 

The primary aim of this thesis was to determine the role of insulin in milk protein 

production in pasture-fed lactating ruminants (ewes and cows). To do this, the 

hyperinsulinaemic euglycaemic clamp (HEC) technique was utilised. This technique 

uses simultaneous infusions of insulin and glucose so that the role of insulin can be 

examined without the confounding effects of hypoglycaemia. 

In the first two experiments, abomasally-cannulated ewes and rumen fistulated Jersey 

cows were subjected to a HEC with or without an abomasal infusion of supplemental 

protein (in the form of casein) in a two period cross-over design experiment. 

In the experiment with lactating ewes (Chapter 3), the casem infusion resulted in 

significantly higher milk and milk protein yield. However, there was no increase in 

milk or milk protein yield with the subsequent HEC. Feed intake was significantly 

depressed during the HEC but as milk protein output was maintained, this resulted in an 

increase in the efficiency of dietary protein used for milk protein synthesis. The HEC 

caused a decrease in circulating concentrations of essential amino acids (EAA), 

particularly the branched chain AA (BCAA), leucine, isoleucine and valine. 

In the experiment with lactating dairy cows (Chapter 4), there was no increase in milk 

or milk protein yield in response to the casein infusion. Furthermore, there was no milk 

protein response to the HEC in the casein-supplemented cows. However, the HEC 

caused milk and milk protein yield to decrease in the non-supplemented cows. As in the 

study with lactating ewes, feed intake was significantly reduced by the HEC, which 

resulted in an increase in the efficiency of dietary crude protein used for milk protein 

production. The HEC also reduced circulating EAA concentrations in the cows. 

The data generated in both these experiments showed similar changes in variables such 

as changes in circulating concentrations of amino acids (AA) and energy metabolites to 

those observed in concentrate-fed animals where a milk protein response to the HEC 

alone or HEC plus supplemental protein was demonstrated. It was not clear why there 

was no such response in the pasture-fed animals but it may have been due to species 
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differences, a stage of lactation effect or the pasture-fed animals being In negative 

energy balance. 

The third experiment used the arterio-venous (A-V) concentration difference technique 

and a tracer infusion of DC-leucine to examine AA uptake and subsequent metabolism 

for milk protein production under HEC conditions in lactating ewes. It was 

hypothesised that insulin (by use of the HEC without supplemental protein) stimulated 

an increase in AA uptake by the mammary gland, increased AA supply to the gland by 

increasing blood flow, and decreased AA oxidation within the gland so that AA were 

conserved for use in milk protein production. 

As with the first two experiments, there was no increase in milk or milk protein yield 

under HEC conditions. The arterial supply of AA to the mammary gland was reduced 

but there was no change in mammary blood flow to compensate for this. Actual uptake 

of some EAA was reduced in insulin treated ewes. The deficit in the ratio of AA uptake 

to their secretion in milk protein suggests the use of plasma free AA concentrations 

underestimates uptake of AA by the mammary gland and there are contributions by 

alternative sources such as peptide AA and erthrocytes. There was no decrease in 

leucine oxidation in the mammary gland, indicating that AA were not conserved for 

milk protein production through an alteration in this mechanism. The leucine kinetics 

showed a tendency (P=0.08) for difference in irreversible loss rate but not the 

partitioning of leucine to the mammary gland between the control and HEC ewes. In 

the mammary gland, there was a lower uptake of leucine in the HEC treated ewes but no 

change in leucine oxidation. Although the HEC decreased total protein synthesis in the 

mammary gland, the ratio of leucine secreted in milk protein:gland protein synthesis 

was similar between the insulin treated (0.65) and control ewes (0.71), suggesting that 

insulin did not alter the transfer of leucine into milk protein. 

These results support the theory that the mammary gland has the ability to respond to 

modified precursor supply to maintain milk protein output. These results are discussed 

in relation to work done with concentrate-fed animals. 
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