
Proc. Nutr. SOC. (1983), 42, 181 181 

Endocrine control of nutrient partition in lactating ruminants 

By I. C. HART, National Institute for Research in Dairying, Shinfild, Reading, 
Berks RG2 p l T  

The subjects of nutrient partition during lactation in ruminants and the 
hormonal control of the relevant aspects of metabolism, particularly in relation to 
blood hormone concentrations, have been extensively reviewed (Convey, 1974; 
Bassett, 1978; Bines & Hart, 1978; Trenkle, 1978, 1981; Bauman & Currie, 1980; 
Bell, 1980; Cowie et al. 1980; McDowell, 1983). The purpose of this paper is to 
describe the metabolic situation in lactating cows; to briefly emphasize the more 
important aspects of the hormonal control of nutrient partition and to describe two 
of our recent experiments on the manipulation of hormone secretion. 

Metabolic status of the high-yielding dairy cow 

The capacity of the cow to produce milk is determined by a combination of the 
growth and development of the mammary gland before and during pregnancy and 
the animal’s ability to supply the substrates for milk synthesis once lactation is 
established. It is still not clear which of these factors is more important for 
maximum milk production. There is no doubt that, despite decades of intensive 
breeding, considerable variation remains in the ability of individual cows to 
produce what is currently regarded as a good milk yield in the UK (6000-8000 kg 
milk in a 305 d lactation). Some of the reasons for this variation are obviously 
genetic in origin and this is easily demonstrated by comparing the changes in milk 
yield and body-weight that occur during lactation in beef and dairy breeds of cattle 
offered the same ration (Hart et al. 1975, 1978, 1979). The former produce low 
yields of milk, in accordance with the smaller mammary gland, and preferentially 
partition dietary energy to milk production and supplement this by mobilizing 
considerable amounts of body tissue. This is an important economic consideration 
because improved milk yield in early lactation is associated with a proportionately 
greater partitioning of nutrients towards milk at the expense of body reserves at 
mid-lactation (Broster, 1976). 

Bauman & Currie (1980) have used the data of others to examine the 
relationship between energy intake and requirements for lactation in high-yielding 
cows (average 9534 kg milk containing 332 kg fat in a 305 d lactation). As 
expected, they found that the peak in milk yield preceded maximum dietary intake 
by several weeks and that during the first one-third of lactation the cows were in 
negative energy balance and mobilizing body tissue. In fact the cows did not 
consume sufficient energy to meet their requirements until approximately 16 weeks 
of lactation when milk yield had fallen to less than 80% of peak production. They 
emphasized this situation by calculating that during the first month of lactation the 
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energetic equivalent of 3370 of the milk was produced from body reserves. Thus at 
peak lactation, and for several weeks after, the metabolism of the high-yielding 
dairy cow is orientated towards satisfying the considerable demands of its udder. 
During this period changes occur in most areas of intermediary metabolism and all 
of these changes are, to a greater or lesser extent, coordinated and integrated by 
the cow's endocrine system. 

T o  consider this integration in terms of individual hormones is an 
over-simplification. Hormonal control is a function of several processes including 
the concentration of hormones in the blood and the number and affinity of 
hormone receptors; both of these processes may themselves be hormondy 
regulated. Furthermore, certain hormones can play both catabolic and anabolic 
roles (e.g. growth hormone, glucocorticoids and thyroid hormones) depending 
upon the metabolic status of the animal and the process considered. Fig. I is a 
diagramatic summary, derived from ruminant and non-ruminant data, of the 
hormones most likely to be concerned with three important aspects of supplying 
the mammary gland with nutrients, i.e. ( I )  mobilizing body fat and protein 
reserves, ( 2 )  increasing the rate of gluconeogenesis, particularly at the liver and (3)  
diverting the products of digestion and intermediary metabolism away from tissue 
deposition thus making them available for milk synthesis. From both a hormonal 
and metabolic standpoint these processes are interdependent; it is convenient, 
however, to consider points ( I )  and (2) under the following heading and point (3)  
separately. 

Hormonal control of nutrient supply 
Unlike the situation in non-ruminants, blood glucose is not a significant source 

of carbon for ruminant milk fat synthesis (Baldwin & Plucinski, 1977). The fatty 
acids in cows' milk are primarily synthesized from plasma triglycerides, - -__- - - - -  
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Fig. I .  Hormones probably involved in the partition of nutrients between body tissue and the 
mammary gland. Derived from ruminant and non-ruminant data. GH, growth hormone; TSH, 
thyroid-stimulating hormone; ACTH. adrenocon icotrophic hormone. 
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and P-hydroxybutyrate. Although each of these is derived from the diet, at peak 
lactation the availability of all three precursors, to some extent, depends on the 
products of lipolysis (Bell, 1980). It is essential, however, that the ruminant 
mammary gland receives a constant and adequate supply of glucose for milk 
lactose synthesis. Annison & Linzell(1964) originally determined that the lactating 
goat utilized for milk production, between 60 and 85% of the total glucose used by 
the animal, and Elliot (1976) has calculated that a cow producing 40 kg of milk 
needs around 3045 g of glucose each day. This huge requirement is met partially 
by an increased intake of what is often a high starch diet. However, increased 
absorption of glucose from the hindgut is relatively small in comparison with the 
quantity of additional glucose, produced from the increased rate of hepatic 
gluconeogenesis which occurs at the onset of lactation (Bennhk et ul. 1972; Elliot, 
'976). 

It is well established that the primary gluconeogenic precursors in ruminants are 
propionate (intestinal absorption), amino acids (intestinal absorption, proteolysis), 
glycerol (lipolysis) and lactic acid (intestinal absorption, muscle metabolism); the 
first is quantitatively the most important during lactation. Although the liver may 
retain a degree of autonomy in glucose homoeostasis, results from studies in 
ruminants and non-ruminants suggest that insulin, glucagon, catecholamines and 
glucocorticoids are primarily responsible for regulating both the supply of 
gluconeogenic substrates and modulating the gluconeogenic pathway in the liver 
(Exton, 1979). 

Hormones stimulating gluconeogenesis and tissue mobilization 
There are two ways in which gluconeogenesis is promoted by glucagon and the 

catecholamines: both directly stimulate the process at the liver causing rapid 
inactivation of L-type pyruvate kinase. For glucagon, the effect is mediated by 
CAMP and CAMP-dependent protein kinase, whereas the catecholamines are 
thought to be released from nerve endings within the liver and operate via a- and 
P-adrenergic receptors. In addition, both enhance the supply of gluconeogenic and 
milk-fat precursors by mobilizing free fatty acids and glycerol from adipose tissue 
and the catecholamines stimulate lactate production from muscle. 

The glucocorticoids exert a permissive influence on both the lipolytic action of 
the catecholamines and other hormones and on the gluconeogenic effect of the 
catecholamines and of glucagon at the liver. In addition, cortisol stimulates 
mobilization of amino acids from muscle. The thyroid hormones, thyroid- 
stimulating hormone (TSH), adrenocorticotrophic hormone (ACTH) and the 
prostaglandins are all known to stimulate aspects of tissue mobilization, most 
commonly lipolysis, but the relative importance of these hormones in supplying 
gluconeogenic and milk-fat precursors has yet to be established. 

Hormones inhibiting gluconeogenesis and tissue mobilization 
Bassett (1978) has emphasized the importance of insulin in regulating ruminant 

metabolic homoeostasis. The hormone plays the predominant inhibitory role both 

https://doi.org/10.1079/PNS19830023 Published online by Cambridge University Press

https://doi.org/10.1079/PNS19830023


184 SYMPOSIUM PROCEEDINGS I983 
in tissue mobilization and gluconeogenesis. By inhibiting the release of glucogenic 
and other amino acids from skeletal muscle and by antagonizing the stimulatory 
effects of glucagon and the catecholamines on lipolysis, insulin reduces both the 
supply of gluconeogenic substrates and possibly the availability of triglycerides and 
amino acids for milk fat and protein synthesis respectively. In addition to these 
peripheral effects, the hormone exerts a direct influence on the liver to inhibit the 
stimulation of gluconeogenesis by glucagon and the catecholamines. 

Growth hormone (GH) promotes amino acid transport and protein synthesis 
and therefore would be expected to reduce the flow of amino acids to the liver and 
mammary gland. A long-term inhibitory effect of GH on hepatic amino acid 
metabolism is indicated by the increased amino acid transport, ureogenesis and 
gluconeogenesis observed in the liver of hypophysectomized rats (Tolman et al, 
1973). Whilst there is no evidence to suggest that the rate of gluconeogenesis is 
reduced in cows treated with bovine GH, recent results suggest that the hormone 
can reduce the concentration of protein in milk, particularly at mid-lactation (Bines 
et al. 1980; G. McDowell, I. C. Hart and J. A. Bines, unpublished results). 

Hormonal control of energy partition 
Insulin. Having established the mechanisms by which a satisfactory supply of 

metabolites are available for milk synthesis, the question of their partition between 
the mammary gland and body tissue is governed, to a considerable extent, by the 
influence of insulin relative to that of those hormones which chronically inhibit 
aspects of tissue deposition, most notably GH, glucagon and glucocorticoids. 
Although there may be differences in emphasis, to comply with the ruminant mode 
of digestion and intermediary metabolism (Bauman, 1976; Bassett, 1978), insulin 
exerts the same anabolic actions in ruminants as in non-ruminants, i.e. it 
stimulates the incorporation of glucose, amino acids and fatty acids into body 
tissues. 

It has been known for some years that treatment of lactating cows with insulin 
causes an immediate reduction in milk yield which can be reversed by infusing 
glucose (Kronfeld et al. 1963). More recently, it has been suggested that the fall in 
milk-fat content resulting from a change to feeding high concentrate rations is 
caused by an increase in insulin secretion which stimulates lipoprotein lipase 
activity in adipose tissue and reduces the availability of fatty acids to the 
mammary gland (Rao et al. 1973; Jenny et al. 1974). Comparison of circulating 
insulin in high- and low-yielding cattle (Hart et al. 1975, 1978, 1979) revealed that 
during lactation the hormone was significantly higher in the plasma of low-yielding 
cows, which were in energy surplus and gaining body-weight, than in the 
high-yielders which were in energy deficit and losing weight during the early part 
of lactation. The difference in insulin disappeared when the animals ceased to 
lactate and throughout lactation a significant positive correlation was noted 
between changes in insulin and changes in body-weight. Furthermore, Lomax 
et al. (1979) have found that the insulin response to glucose infusion was greater in 
non-lactating than in lactating cows. 
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The foregoing evidence strongly suggests that when high-yielding cows are in 

energy deficit insulin is suppressed, thus reducing the removal of metabolites by 
body tissue and increasing the rates of gluconeogenesis, lipolysis and proteolysis. 
This contention is supported by the results of our recent study in which high- and 
low-yielding cows were fed to similar changes in live weight. Under these same 
metabolic conditions the differences in insulin response were no longer apparent 
(Fig. 2). In this context it is interesting to note that glucose uptake and lactose 
production by the goat mammary gland are not impaired by low circulating levels 
of insulin (Hove, 1978). It is possible, therefore, that the ruminant mammary gland 
is at an advantage when competing for glucose with other body tissues which 
require higher levels of insulin for glucose uptake. 
Insu1in:glucugun. Bassett (1975, 1978) has already discussed the implications of 

Unger’s (1971) proposals regarding the importance of the molar ratio of 
insu1in:glucagon for the peripheral utilization of glucose in ruminants and it was 
generally assumed that the ratio needed to be low to maximize the availability of 
glucose for milk production. Recent measurements of pancreatic glucagon in 
plasma, taken throughout 24 h periods in high- and low-yielding cows during 
lactation, indicate that this may not be the case (I. C. Hart and J. A. Bines, 

r 

Y 

Lactation 
Fig. 2. Average concentrations of insulin and growth hormone (GH) measured throughout 24 h 
periods in high- (U) and low-yielding (Fgo cows fed to similar live weight change (J. A. Bines and 
I .  C. Hart, unpublished results). 
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unpublished results). Glucagon tended to be higher in the low-yielding group 
which had higher levels of insulin and were partitioning nutrients towards body 
tissue. Furthermore, there was an apparent increase in glucagon in both groups as 
milk yields fell from peak lactation towards drying off. It is possible that these 
results are misleading and that the role of the ratio of insulin:glucagon in nutrient 
partitioning would have been better characterized by more intensive study of the 
period after feeding (Bassett, 1975). There is no doubt, however, that a systematic 
examination of glucagon in this context is desirable. 

Growth hormone. It has been known for many years that GH is important for 
the maintenance of ruminant lactation. Injections of the hormone will increase milk 
yield and hormone replacement therapy in hypophysectomized lactating goats has 
shown that once lactation has been re-established the secretion of milk cannot 
continue in the absence of GH (see Cowie et al. 1980). The wide-ranging effects of 
the hormone on protein, carbohydrate, fat and mineral metabolisms have been 
tabulated by Machlin (1976) and there seems no reason at present to dispute 
Raben’s (1973) general conclusion that the primary metabolic role of GH is to 
preserve body protein, particularly during periods of energy deficit, by inhibiting 
proteolysis and stimulating the incorporation of amino acids into muscle, whilst 
diverting glucose and fatty acids away from tissue deposition thus making them 
available as sources of energy. Although this hypothesis may have to be reassessed 
to take account of the current discussion regarding the molecular heterogeneity of 
GH and its biological activities (see below) it seems highly likely that the hormone 
plays a substantial role in partitioning nutrients away from deposition towards 
milk production. This view is supported by several facts: (I) plasma GH is higher 
in high- as compared with low-yielding cows and this difference is not evident 
when the cows are in similar metabolic states (Hart et al. 1975, 1978; see Fig. 2), 
(2) changes in GH are positively correlated with changes in milk yield (Hart et al. 
1980) and (3) treatment with the hormone appears to increase the efficiency with 
which cows convert food into milk (Machlin, 1973; Bines et al. 1980). 

The mechanism by which GH increases milk yield in cows has yet to be defined. 
The most likely explanation, from a metabolic standpoint, is that the hormone 
increases the availability of milk precursors by stimulating lipolysis and 
partitioning glucose and acetate away from tissue deposition (Welt & Wilhelmi, 
1950; Young, 1953; Orth et al. 1960; Winegrad, 1962; Levine & Luft, 1964; Luft 
& Guillemin, 1974). The results obtained when high- and low-yielding cows were 
treated with GH whilst being given the same ration (Bines et al. 1980) are 
compatible with at least part of this theory. Although the percentage increase in 
milk yield was similar in both groups there was obviously a greater absolute 
increase in the high-yielders. A significant elevation in plasma glucose was only 
noted, however, in the low-yielding group. The possibility exists, therefore, that 
GH increased the availability of glucose for milk production to the same extent in 
both types of cow but it was only completely utilized by the high-yielders for their 
greater milk production. 

Although treatment of sheep with GH has resulted in raised plasma glucose 
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Fig. 3. Insulin tolerance test in three goats treated for 2 d with saline (- - -) or bovine growth 
hormone (--) (NIH-GH-Bx8; 0.3 mg/kg per d). 

(Wallace & Bassett, 1966; Bassett & Wallace, 1966) there was no evidence, until 
recently, that bovine GH was diabetogenic in ruminants. We have recently shown 
that bovine GH inhibits the insulin-stimulated removal of glucose from the blood 
of goats (Fig. 3) and that this activity is related to the ability of the hormone to 
inhibit 3-0-[U'~-C]-methylglucose transport in rat epididymal fat tissue in vivo. 

The lipolytic role of GH in ruminant lactation has been discussed recently 
elsewhere (Cowie et al. 1980). 

Although there are compelling reasons to suspect that G H  is important for 
energy partition, uncertainty remains as to whether simply providing the 
mammary gland with additional nutrients stimulates increased milk production. 
Linzell (1967) demonstrated a 62% increase in milk yield within 3 h of starting to 
infuse glucose into goats starved for 24 h. The results for fed goats were less 
consistent and supplementation with acetate or amino acids had no additional 
effect. Likewise, post-ruminal infusion of glucose into lactating cows has yielded 
equivocal results. Clark (1975) reported an unpublished study in which abomasal 
infusion of 2 kg glucose/cow per d increased milk yield from 26.7 to 28.6 kg/d, 
whereas others (Tyrrell et al. 1972; Brskov & Grubb, 1977) have obtained 
negligible responses. It is possible that these inconsistencies were caused either by 
the animals' inability to absorb the supplementary glucose or variable insulin 
responses which would divert the glucose towards tissue deposition. Increasing the 
supply of fatty acids, either by intravenous and post-ruminal infusion or feeding 
protected lipids, markedly alters milk-fat composition, but once again the effect on 
milk yield is less consistent (Stony & Rook, 1965; Stony, 1981). Whatever the 
explanation for these variable results there is some reason for proposing that GH 
might exert an effect in addition to increasing metabolite supply. 
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Mammary blood flow has recently been measured in lactating goats treated with 

GH and related to changes in milk yield, milk protein and the mammary uptake of 
glucose and amino acids (Hart et al. 1980; Mepham et al. 1983). On some 
occasions, an increase in mammary blood flow was noted without an increase in 
milk yield. There is a possibility, therefore, that an increase in yield is preceded by 
an increase in mammary blood flow and that this is a contributory factor in 
increasing the supply of nutrients to the gland. Machlin (1973) suggested that GH 
might directly stimulate the synthetic capacity of the mammary gland based upon 
results in which the exogenous hormone enhanced milk yield in cows for several 
days after injections had ceased. He did not, however, consider the possibility that 
increased availability of milk precursors might itself cause an increase in milk 
synthesis and thereby potentiate milk production. Marinez et al. (1976) 
demonstrated that, when combined with dexamethasone and prolactin, GH 
stimulated the activity of acetyl CoA-synthetase in the goat mammary gland to a 
greater extent than when the other two hormones were given alone. More recently, 
we have fitted lactating goats with catheters in the mammary arteries (external 
pudendal artery) and infused one half of the udder with saline and the other half 
with doubling doses of bovine GH (bGH) (roo-1600 pg/d for 4 d periods). 
Although these experiments are still in progress, the preliminary results from three 
goats suggest that the hormone does not exert a direct galactopoietic influence on 
the mammary gland (G. McDowell and I. C. Hart, unpublished results). 

Heterogeneity of bovine G H .  It has been known for several years that human 
GH (hGH) is heterogeneous when subjected to several analytical and 
chromatographic procedures. These studies have shown that the diabetogenic and 
lipolytic activity of the hormone can be separated from the growth-promoting 
activity as individual proteins (Frigeri, 1980; Hart, 1980; Lewis et al. 1980). It is 
not yet clear whether the separated components are fragments or modified forms of 
the hGH monomer or are contaminants of the original crude preparations. If the 
same were true for the bovine hormone it would present us with an opportunity to 
examine the effect of these separate metabolic activities on milk production and 
further our knowledge of important factors controlling energy partition in lactating 
cattle. 

We have fractionated crude extracts of bovine anterior pituitaries and obtained 
four protein peaks (A-D), all of which contained bGH, detected by radio- 
immunoassay, and no prolactin. Analysis by high performance liquid chromato- 
graphy and sodium dodecylsulphate-polyacrylamide gel electrophoresis, showed 
that fraction A was a heterogeneous collection of proteins, fractions B and C 
resolved into three components and, on most occasions, fraction D was a single 
protein of -22 ooo daltons. When tested for growth-promoting activity (rat tibia 
test) fraction A was inactive, fractions B and C were of intermediate activity and 
fraction D had high growth-promoting activity. Assessment of diabetogenic 
activity (insulin tolerance test in goats; 3-O-[U'4C]-methyl glucose transport in rat 
cpididymal fat) showed only fractions B and C to be diabetogenic. All of the 
fractions were lipolytic (glycerol release from rat epididymal fat in vitro). It is 
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apparent, therefore, that the diabetogenic, lipolytic and growth-promoting 
activities of bGH are separable and we are continuing to extract and characterize 
these proteins in order to examine their metabolic activities and abilities to 
stimulate milk production in cows (I. C. Hart, P. M. E. Dardis, A. D. Simmonds 
and G. A. Payne, unpublished results). 

Glucocorticoids. The role of the glucocorticoids in ruminant metabolism and 
lactation has recently been reviewed (Cowie et al. 1980; Baird, 1981; McDowell, 
1983). Although the hormones clearly play a part in supplying nutrients for milk 
synthesis their role in the partition process is less clear. 

Recent work on the manipulation of hmmone levels by physiological means 
The foregoing suggests that reducing the influence of insulin relative to that of 

GH would partition nutrients away from body tissue deposition towards milk 
production. Although the secretion of both hormones can be manipulated 
pharmacologically, such techniques can lead to residues in milk and tissue 
rendering the products unfit for human consumption. The production of bGH by 
bacteria as a result of recombinant DNA technology has recently become a 
practical and attractive possibility (Keshet et al .  1981), as the hormone stimulates 
milk production at physiological concentrations and is biologically inactive in 
humans; but it will be some time before recombinant bGH becomes commercially 
available. 

At present one of the most accessible methods of manipulating insulin and GH 
secretion is by altering aspects of the animals’ feeding and nutrition. It is well 
known that the concentrations of both hormones in blood are modified by changes 
in the time of feeding, the quantity of food consumed and the composition of the 
ration (Trenkle, 1978, 1981). During the last few years we have examined several 
of these factors in lactating cattle and these studies have provided data of basic 
interest. Two experiments have indicated areas which might be of practical 
importance. 

Feeding frequency? It is well established that feeding rations containing high 
proportions of concentrates can change the partition of energy away from milk 
production towards body gain and in its extreme form this process can lead to the 
low milk fat syndrome. Recent experiments have suggested that this response 
might be reduced by more frequent feeding of concentrates but results have been 
inconsistent (Kaufman et al .  1975; van den Honing et al. 1976; Kirchgessner et al .  
1980). 

The possibility that insulin is implicated in this process has been discussed. 
Previous work, by others, had established the presence in ruminants of a 
post-prandial increase in plasma insulin which could last for several hours and we 
had determined that the magnitude of this response increased with both the 
quantity of food offered and the proportion of concentrates to hay (I. C. Hart and 
J. A. Bines, unpublished results). I t  seemed likely, therefore, that more frequent 
feeding of high concentrate diets might reduce the post-prandial peaks in insulin 
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secretion and thereby remove a factor tending to partition nutrients towards body 
tissue. 

This possibility was examined recently in a study with sixteen lactating cows 
(Sutton et al. 1983). Eight cows were given a ration containing 700 g 
concentrate/kg (5.0 kg hay + 11.5 kg concentrate) and 900 g concentrate/kg 
(I . 6  kg hay + 14.0 kg concentrate). These rations provided similar amounts of 
digestible energy (180 MJ/d) and nitrogen (0.4 kg/d). Each ration was given to 
groups of four cows as either two (at 06.00 and 14.00 hours) or six (every 4 h) equal 
meals each day. Hormone concentrations were measured in blood collected hourly 
over 24 h periods during early and late lactation. 

The results of this study are summarized in Table I .  Milk yields and contents 
and yields of protein and lactose were similar for all groups. There were, however, 
significant differences for content and yield of milk fat associated with both 
proportion of concentrate in the ration and frequency of feeding. Fat content and 
yield were lower for cows fed twice rather than six times daily irrespective of the 
proportion of concentrate in the ration. Further, both content and yield of milk fat 
were lower for cows given 900 g compared with cows given 700 g concentrate/kg. 

Prolactin, GH and thyroxine did not change with feeding frequency but the 
average concentration of insulin throughout the 24 h period was almost halved in 
the group given 900 g concentrate/kg six times daily when compared to the group 
fed twice daily (Table I) .  This was due to the virtual elimination of the 
post-prandial insulin peaks in the group fed six times daily (Fig. 4). Although the 
results for the group given 900 g concentrate/kg strengthens the case for the role of 
insulin in partitioning energy away from milk, the average concentration of insulin 
obtained throughout the 24 h period in the group given 700 g concentrate/kg did 
not differ between those fed twice and six times daily and yet there was a 
significant difference in both the content and yield of milk fat (Table I) .  

Examination of the hourly insulin profile for these animals (Fig. 4) shows that the 
group fed twice daily still exhibited marked post-prandial insulin peaks. It is 
possible, therefore, that the increases in insulin after feeding (when the rate of 

Table I. Effect of feeding frequency and diet composition on milk yield, milk fat  
content and yield and the average concentrations of hormones in blood samples 
taken in early and mid-lactation 

Concentrates (g/kg diet) . . . 

Meals/d . . . 
Milk yield (kg/d) 
Milk fat content (g/kg) 
Milk fat yield (kg/d) 
Insulin (pU/ml) 
Prolactin (ng/ml) 
Growth hormone (ng/ml) 
Thyroxine (ng/ml) 

700 * 
2 6 

19.7 20.2 
32.6 39.2 
0.64 0.79 
10.9 10.1 

7'4 5 ' 1  
4.4 4'2 
15.8 18.7 

900 - 
2 6 

23.0 21.4 
17.9 29.7 DF' 

27.8 14.4 DF' 
0.42 0.62 DF. 

7.5 8.5 
3.4 3.1 
15.3 20.9 

.Significant (at least P<o 05) diet composition (D) or feeding frequency (F) effects. 
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nutrient absorption is greatest) is more important for energy partition than the 
average concentration of insulin to which the animal is exposed throughout the 
day. 

Feeding protected protein. Increasing the supply of amino acids to the intestine 
of dairy cows by abomasally infusing casein can increase both milk yield and the 
yield of milk protein (Oldham, 1981). Similar responses have been found when the 
protein content of the diet has been increased (0rskov et al. 1981; Phipps et al. 
1981). For some years it has been known that intravenous infusion of amino acids 
will raise plasma GH in cattle (Reynaert et al. 1972) and later work has established 
that abomasal infusion of casein will increase the hormone in ruminants (Oldham 
et al. 1978; Barry, 1980), although others have failed to find this (Gow et al. 1979; 
Peel et al. 1981). It is possible, therefore, that part of the response in milk output 
to increasing the supply of amino acids to the intestine is mediated via increased 
secretion of GH. 

To investigate this possibility we (Oldham et al. 1982) measured the hormonal 
responses of seven lactating heifers (25-28 weeks post partum) given either casein, 
formaldehyde-treated casein (protein casein) or formaldehyde-treated soya 
(protected soya). Formaldehyde treatment reduces protein degradation in the 
rumen and increases the supply of amino acids to the abomasum. 

Blood samples were taken hourly throughout the penultimate day of each 
treatment period and the hormone analyses revealed no significant difference in the 
average concentrations of insulin, prolactin and T4 between the three treatment 
groups. When compared to the casein-fed group, the circulating concentration of 
GH was significantly increased by feeding protected casein or soya (Table 2). 

However, the extent of the increase was small when compared to the average 
concentration achieved by galactopoietic doses of the hormone in cattle (Bines 
et al. 1980). It was not surprising to find, therefore, that feeding protected protein 
did not result in increased milk yield nor altered milk composition. The fact that 
GH was increased in the absence of a change of milk production suggests that the 
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Fig. 4. Average circulating levels of insulin measured hourly in groups of four cows given rations 
containing (A) 700 g concentrate/kg and (B) 900 g concentrate/kg two and six times da% at 
approximately 22 weeks of lactation. (- - -), Mean concentration throughout the 24 h period; 
(&), feeding. 
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Table 2 .  Effect on milk yield and the concentrations of growth hormone, insulin, 
prolactin and thyroxine in blood of feeding rations containing casein, protected 
casein, or protected soya to  heuers in mid-lactation 

Protected Protected Standard error 
Casein casein soya of difference 

Milk yield (kg/d) 12.9 12.3 11.9 0'55 

Prolactin (ng/ml) 15.8 14.0 13.8 3'25 

Growth hormone (ng/ml) 3 . 0 1 ~  549b 5.39b 0.881 
Insulin (pU/ml) 16.2 21.1 12.5 4.81 

Thyroxine (ng/ml) 48.4 40' 3 44'9 3.88 

a,b. Means which do not share a common superscript differ significantly (P<0.05).  

stimulatory effect of feeding protein on the hormone's secretion is independent of 
changes in the cow's energy status caused by increased milk synthesis. 

Manipulating endocrine secretion by changing aspects of feeding and nutrition 
does not have the attractive simplicity of directly stimulating or inhibiting 
hormone production. Problems may arise when changes in the composition of the 
diet or the rate of nutrient delivery to the gut alter the cow's metabolic status such 
that the hormonal benefit is confounded. These two experiments indicate that 
there is scope for the nutritional manipulation of insulin and GH secretion and 
suggest that when rations are formulated for lactating cows some attention should 
be paid to the hormonal response they may elicit. 
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