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Introduction

In contrast to nonruminants, forage-fed ruminants normally absorb very little
glucose from their feed. However, glucose supply is still crucial for maintenance and
productive functions in ruminants, such as growing and lactating cattle. Glucose supply
is especially important for the lactating dairy cow because of the demands of milk
synthesis for glucose. Glucose requirements of ruminants are largely met through
glucose synthesis, which predominantly occurs in the liver using glucose precursors
absorbed following fermentation and digestion of the diet. Therefore, glucose
metabolism in the lactating dairy cow represents a balance between glucose
requirement for milk production and glucose carbon supply from the diet, which is
integrated by the liver. As milk yield of the modern dairy cow has continued to march
upwards, so too has her requirement for glucose. The present paper will consider the
implications of high rates of milk yield for the cow’s glucose balance in terms of:

Glucose requirements

The capacity for postruminal starch digestion and glucose absorption
The implications of increased glucose absorption for production

The synthesis of glucose from precursors in the liver

The effect of transition on glucose balance of the high yielding dairy cow
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Glucose Requirement

For lactating dairy cows, glucose requirement is often estimated using an
equation reported by Elliot (1976) in a Cornell Nutrition Conference paper that is
frequently cited in the scientific literature. This estimation was based on measurements
of glucose supply and metabolism in lactating dairy cows obtained using isotopic
labeling techniques (Annison et al. ,1974; Bickerstaff et al., 1974). In those studies, milk
lactose output accounted for 69.4% of the total uptake of glucose by the mammary
gland. While this value varied considerably (50 to 85%) across the cows studied (2
Jerseys, 2 British Friesians), the average agrees reasonably well with results from
subsequent studies (62 to 83%; e.g. Davis et al., 1985, Hanigan et al., 1992).
Assuming a milk lactose content of 4.8%, and that milk lactose output accounts for 70%
of mammary glucose use, mammary glucose requirement can be readily calculated.
For a cow producing 60 kg of milk daily, her mammary glucose requirement is over 4
kg/d.
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In addition to the mammary gland, other tissues in the body use glucose,
primarily through oxidation or triglyceride synthesis in adipose and other tissues. In the
2 highest yielding cows in the study of Annison and colleagues (Bickerstaff et al., 1974),
mammary glucose uptake accounted for nearly all of glucose supply, suggesting a
minimal glucose requirement for other body tissues. Elliot (1976) suggested the amount
of glucose not used by the mammary gland in these 2 cows (198 g/d) was the
maintenance requirement for the rest of the body of high yielding dairy cows. This
represents a ‘bare bones’ minimum amount of glucose use by honmammary tissues,
and would not include glucose which is used for body energy retention or maintenance
(i.e. oxidized). In growing beef cattle weighing 400 kg at maintenance intakes, liver
glucose production was about 500 g/d (Reynolds et al., 1991). This suggests that the
glucose requirement for maintenance of nonmammary tissue in a 600 kg dairy cow may
be greater than the 200 g/d suggested by the data of Bickerstaff et al. (1974). However,
in high yielding dairy cows in early lactation body tissue energy balance would likely be
negative, and the amount of glucose oxidized in nonmammary tissues would surely be
minimal.

The data of Annison et al. (1974) also showed that as milk yield increased,
mammary glucose use accounted for an increasing proportion of total glucose supply:
from 20% at 6 kg milk/d to 90% at 25 kg milk/d. This decrease in the proportion of
glucose supply used by nonmammary tissues at higher milk yields was not simply due
to differences in total glucose availability, but must also reflect differences in the amount
of surplus glucose oxidized and used to support body fat and protein synthesis in cows
with lower milk yield. Previous studies have shown that the percentage of total glucose
supply oxidized is reduced in lactating compared to dry cows (Bartley and Black, 1966;
Bauman and Elliot, 1983). Similarly, glucose oxidation was reduced in cows treated
with bST (Bauman et al., 1988). These observations suggest that as a cow progresses
through lactation, a decline in milk yield and/or an increase in body tissue energy
balance will be associated with an increase the amount of glucose used for
maintenance functions.

Across a broad range of intakes and physiological states, including growth,
lactation and dry periods, there is a very tight relationship between glucose supply and
energy (DE or ME) intake (e.g. Leng, 1970; Lomax and Baird, 1983; Reynolds, 1995).
This likely reflects a relationship between glucose requirement and ME supply, and
effects of glucose demand on liver glucose production. In growing animals, glucose
requirement will be determined by growth rate, which is set by ME intake. In lactating
cows glucose requirement will be determined by milk yield, which is highly correlated
with ME intake, except in very early lactation. In periods of under nutrition, as occurs
during fasting, in late pregnancy in sheep, or perhaps in very early lactation, the
relationship between glucose supply and ME is altered because of the dominant effect
of glucose requirement on glucose synthesis. However, in most circumstances glucose
requirement can be predicted reasonably well from ME intake (e.g. Reynolds, 1995), or
on the basis of milk yield (milk lactose yield/0.7) and an estimate of the amount of
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