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How the Cow Makes Lactose
1. Glucose fom starch

Dairy production research at the University of when ruminants consume starch and other

Alberta is a mix of the applied and the basic.  carbohydrates, much of it is fermented by rumen

While the applied is aimed at developing and microbes. So where does the cow producing 50
evaluating new feeding and management of milk get the 3.6 kg of glucose required by her
practices, the objective of basic research isto mammary gland?

improve our understanding of the mechanisms Starch degradation in the rumen

involved in the conversion of feed to milk.
. C The primary energy source for the high-
One of the mechanisms which is critical to the producing cow is starch, derived mainly from

SaLy's QYo su_staln Ul BT lUEe I i cereal silages and grains. As suggested in figur
manufacture of milk lactose. The rate of lactose : :

o . : . starch is composed of long chains of glucose
synthesis is a primary determinant of milk yield

since lactose is responsible for drawing water in gl ikl el e s )
por . g wa Intake and method of processing, from 42 to 94
the space where milk is synthesized. This is the

reason that lactose is the most constant constitu(gr;[ S SEE) CENSUITIES) G217 00 621 EIER 17 irs
e : rumen (see articl&B3). Although the first step in
in milk, at a concentration of about 5%.

starch degradation involves the cleavage of cha
Lactose is synthesized in the mammary gland into individual glucose units, the end products o
from glucose, the sugar that circulates in the  this degradation are mainly volatile fatty acids
blood. A cow producing 50 kg of milk is required(\VFAs) including acetic, butyric, propionic and
to synthesize a staggering 2.5 kg of lactose dailyactic acids.
In addition, glucose provides much of the energy thase \VEAs are absorbed into the portal
required for milk synthesis and is essential to thg,4stream which carries the products of
manufacture of milk fat. In total, the mammary igestion to the liver. Here, propionic and lactic
gland requires about 72 grams of glucose 10 4igs are largely converted back to glucose. Frd
produce 1 kg of milk. 43 to 67% of the glucose synthesized in the live
Non-ruminant animals absorb a large proportias derived from propionic acid; up to 12% is
of their glucose requirements from the digestivederived from lactic acid. Amino acids absorbed

tract, derived from the digestionfrom protein digested in the small intestine
@9 ® of starch and sugars. But, provide much of the remainder.
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Figure 1 : Pathways in the conversion of feed starch to milk lactose. The
magnified part of the diagram illustrates the uptake of glucose into cells LACTOSE
lining the small intestine and its utilization as a source of energy for these
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cells. NRG: energy, VFA: volatile fatty acids.
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Since glucose breakdown in the rumen followed by STARCH
STARCH ENTERING

resynthesis in the liver is clearly inefficient, we have Y Take INTESTINE
been interested in determining the extent to which 5690 2790

glucose might be directly available from intestinal STARCH NOT
starch digestion. On high concentrate corn- or barley- STARCH D'GESSED
based diets, as much as 3-5 kg/day of starch may ?NE%B/:A%E,\ID STARCH
escape rumen degradation. Complete digestion of this 2900 DIGESTED
with absorption of th I INE L

ption of the resulting glucose could make a INTESTINE
sizeable contribution to total requirements. 2320

. L . . GLUCOSE NOT
Starch digestion in the small intestine VOLATLE l-» ABSORBED

A study published in 1991 indicated that the activity acps ¥ 1044
of the intestinal starch-digesting enzyramylase, OTHER ABSORBED
was lower in cattle fed grain than in those fed forage SUBSTRATES BY CELLS
- - 1276
Furthermore, early research on intestinal starch FOSS(&-#I%IDL?E GLUCOSE
digestion suggested that the cow had the capacity to UgEB_gY
digest only 100-200 grams of starch per day. This
< e : , . GLUCOSE ~ GLUCOSE 10:56

conclusion was based on experiments which SYNTHESIZED RELEASED
estimated starch digestion by measuring glucose BY LIVER TO LIVER
transfer into portal blood. Neither of these ideas 3313 220 \/

i i i i LIVER
seemed compatible with practical experience. % SYNTHESIZED
Recent results from our laboratory help to explain GLUCOSE

- TOTAL GLUCOSE SPARED BY
these results. In the forage versus grain trial, the AVAILABLE INTESTINAL
forage diet had a higher crude protein level (17.4%) 3533 ABSORPTION
than the grain diet (14.9%). Our studies suggest that % — 38%

amylase secretion is sensitive to the protein level in ]
intestinal digesta. Higher protein levels effectively Figure 2 : Starch and glucose flow in a 520 kg cow
stimulate the secretion of cholecystokinin (CCK)
which, in turn, stimulates amylase release from the
pancreas. And our current understanding of the fate @fecognition that glucose released from starch
glucose released from starch digestion explains thegigestion may be used to meet the energy

low starch digestion capacity observed in the early requirements of intestinal cells raises the question:

of milk. All amounts are grams of starch or glucose

work, as explained below: How do these cells satisfy their requirements when
What happens to glucose in the small low-starch diets are fed? The answer has 2 parts:
intestine? 1. Intestinal energy requirements are lower when Ig

o _ starch diets are fed, and;

small intestine of the cow, the amount of glucose that gmga)| intestine is limited, glucose is extracted from

subsequently appears in portal blood is very limited. pjood to supply the energy requirements of the
Our research has shown that 45-88% of the glucose ntestinal cells.

released by digestion may be transported into the ce

lining the small intestine. However, we have also lﬁ1erefore, el I gl EesD CiEYEe Il SiEl

digestion may not appear in the bloodstream, its dit

demonstrated that only a small proportion of the . ;
y prop {se by intestinal cells spares blood glucose for use

glucose entering these cells is transported out into ot%er tissues (figure 2). In particular, the mamma
portal bloodstream — most is used to supply cellular 9 -np : ry

energy requirements. The low starch digestion gLandolrst Eg:g;hsa r?trﬁ:st?sr Sy @ oo gUesEst
capacity calculated in the earlier work was based on- PP y ’
the assumption that all glucose derived from starchresearchers:

digestion would appear in portal blood, an assumptionErasmus Okine’ and John Kennelly
we now know to be incorrect. TAlberta Agriculture, Food and Rural Development
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consuming 21 kg of dry matter and producing 32 kg
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