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• Dairy cattle vary greatly in their capacity to produce 
milk and fat. Some animals produce only one or two 
thousand pounds of milk a year whereas other animals 
are capable of producing more than 30,000 pounds. 

The productivity of dairy cattle is determined, fund
amentally, by their inheritance for milk producing capaci
ty. Productivity is also influenced by environment. The 
environmental factors include the cow's nutrition or food 
balance, the variation in seasonal temperature, manage
ment, especially during the time of milking, and a num
ber of other factors of less importance. 

The average productivity of dairy cattle in the United 
States has been increasing gradually during the past 50 
years. The increase in milk production is due, in part, to 
increased inherited capacity resulting from selection of 
cows and sires (progeny performance) based upon various 
testing programs. During recent years, the artificial in
semination of large numbers of cows to sires with well 
established transmitting ability has contributed to in
creased inherited capacity. 

However, much of the increase in production is be
lieved to be due to improvement in dairy cattle nutri
tion and milking practices resulting from studies of milk 
"let-down" and discovery of the importance of rapid milk 
removal. 

The question may be asked, "Why has the genetic 
improvement of dairy cattle been so slow?" Dairy cattle 
geneticists appreciate that evaluation of progeny perform
ance of sires and of the productivity of cows is a time 
consuming process. The intensity of selection of dairy 
heifers is low due to the large proportion of animals re
quired for herd replacement. This applies to any system 
of genetic improvement, including artificial insemination 
programs. 

In the past, selection of dairy cattle has been based 
almost entirely upon the 10 month or yearly production 
record and rype evaluation. In the selection of dairy sires, 
productive progeny performance has been used as an in
dex of transmitting ability. Such indices are of value but 
it is believed that they should be supplemented by more 
fundamental indices of milk production capacity, such as 
the ability to secrete the hormones that influence capacity. 

For a clearer picture of the problem, let's pose the 
question, "What causes one cow to produce only 1000 
to 2000 pounds of milk in a lactation whereas other cows 
may produce 20,000 to 30,000 pounds of milk?" 

The usual answer to this question is, "The difference 
in the inherited capacity for milk production." This 
inherited capacity must be present in the physical make
up of the animal. But what glands and organs in the 
physical makeup influence milk production? 
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Since milk yield is dependent upon conversion of 
the feed consumed, it is of importance that the digestive 
tract be capable of using large quantities of feed . But of 
more fundamental importance is the functional activity 
of certain endocrine glands present in various parts of 
the body (Fig. 1). 

During the past 30 years the Department of Dairy 
Husbandry of the University of Missouri has pioneered 
in the study of endocrine glands and their hormones 
which influence the growth of the cow's udder, the in
tensity of milk secretion, and the mechanics of milk re
moval. This research and that conducted at other experi
ment stations suggest that the inherited capacity of a 
cow for high milk and fat production is dependent 
to a large extent upon her inherited ability to secrete 
optimum* amounts of a number of hormones which 
influence her productivity (Fig. 1 ). 

These studies indicate why the selection of breeding 
animals based upon milk yield has not been more effec
tive in improving milk production. It is believed that 

ENDOCRINE GLANDS OF THE DAIRY COW: Hormones 
play important roles in determining the inherited capac
ity of a dairy cow to secrete milk. The rate of secretion 
of hormone produced by each endocrine gland is regu
lated by the genes the cow inherits. However, this 
inherited rate of secretion is modified by environment-
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endocrine methods of selection will make more rapid 
progress possible in the near future. 

If the secretion rate of a single hormone is deficient 
in an animal, then the milk secreting capacity of the ani
mal will be limited to the level permitted by that secre
tion rate. Some potentially high producing animals may 
be low producers due to a single hormone deficiency, 
whereas other animals may be low producers due to mul
ti pie deficiences. By the current selection system it is not 

*The term optimum or optimal is used frequentl y in the fol
towing discussion. It refers to a rate of hormone secretion 
which is the greatest amount favorable for the animal and 
the process stimulated. In animals with ;~Jow secretion rate, 
the injection or feeding of the hormone results in improve
ment in the animal up to a peak of activity. This is the op
timal secretion rate. When amounts of hormone in excess 
of the optimum are secreted, they either have no beneficial 
effect or may actually cause decreases in growth rate or lacta
tion. 

al conditions. Cows which have high production 
capacity are believed to be those which have genes 
making it possible for their endocrine glands to se
crete optimal amounts of the hormones required for 
udder growth, milk secretion, and milk removal. 
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ed, then the cow will be limited in her capacity to 
secrete milk. 

5. The parathyroid hormone controls the calcium and 
phosphorus levels of the blood. Large amounts of 
these two mineral elements are present in milk. When 
cows calve, they may show signs of "milk fever" 
caused by a lowering of these elements in the blood 
due to their rapid withdrawal by the mammary gland. 
The symptoms of "milk fever" indicate that the secre
tion of the parathyroid hormone is limited at the 
time; animals with adequate parathyroid hormone 
secretion rates do not show symptoms of "milk fever" 
or low blood calcium and phosphorus levels. It is al
so quite possible for a limited secretion of the para
thyroid hormone to limit the yield of milk through
out the period of high milk production yet not cause 
"milk fever." 

6. The adrenal hormones influence milk production bur 
their action is quite different from that of the hor
mones described previously. While low levels of these 
hormones are essential, the secretion of higher levels 
rna y actually depress milk secretion. 

These hormones play an important role when 
animals are subjected to stress of various kinds. When 
animals have ketosis due to poor rumen function 
which results in low levels of blood sugar, the adrenal 
hormones are useful in treatment but they reduce milk 
secretion temporarily because they result in stress con
ditions in the animal. And, while animals which have 
a high normal adrenal hormone secretion rate will be 
more efficient in overcoming the stress condition, their 
milk production will suffer under stress conditions as 
a consequence of the higher hormone secretion rate. 

7. The hormones described above play an important role 
in determining the volume of milk the cow is capable 
of secreting. A final problem of the dairyman is to 
successfully remove all the milk present in the udder 
at milking time. Disturbances at milking time reduce 
the amount of milk removed, but even when all the 

best milking practices are followed from 10 to 25 per
cent of the milk of many cows is not normally re
moved. Failure to remove this milk at each milking 
reduces the storage capacity of the udder and reduces 
the persistency of the cow: that is, she declines in 
milking rate more rapidly. 

The inability of the milker to remove this milk 
under favorable milking practices is due to an insuf
ficient discharge of the milk " let-down" hormone, 
oxytocin, when milking is started. 

Oxytocin, present in the posterior lobe of the 
pituitary gland, stimulates the "let-down" of milk. 
The stimulus of milking causes the discharge of this 
hormone into the blood which flows to the cow's ud
der. The hormone causes contraction of the secretory 
elements of the udder, forcing the milk into the 
cisterns where it can be removed quickly by hand or 
by milking machines. 

Many cows discharge insufficient amounts of this 
hormone at milking time. This has been shown to be 
true by the fact that when oxytocin is injected at the 
end of the milking period an additional amount of 
milk (up to 25% more) can often be removed by re
milking. Since the fat content of this milk is much 
above average, the percentage of fat left in the udder 
is greater than that of milk. 

From this discussion of the mechanics of the lacta
tion cycle it is apparent that the high producing cows of 
the several dairy breeds have inherited optimal secretion 
rates of the hormones important for high production. 
The problem is, how can more of these highly produc
tive cows be bred. 

It is the opinion of the writer that this can be ac
complished by the determination in breeding stock of 
the hormone secretion rates which may be limiting their 
milk producing capacity. If the limitation involves only 
a deficiency of one or two of the more important hor
mones, their mating with sires whose progeny show high 
secretion rates for these deficiencies would tend to cor
rect the deficiencies in their progeny. 

Possibilities for Breeding Methods 

Based on Secretion Rate 
Indexes of Hormones Affecting Udder Size 

The size of udder and the number of cells capable of 
secreting milk are fundamental in regard to the capaciry 
of a cow to secrete milk. The number of cells, in turn, is 
determined, primarily, by the hormones which stimulate 
their growth: estrogen and progesterone. 
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Progress is being made in estimating secretion rates 
of the progesterone. Present evidence indicates optimal 
growth of the udder requires certain levels of both of 
these. -

Currently, the best indication of the extent of udder 
growth in the individual cow is her milk yield at the 
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time of maximum production, one to two months after 
calving. Cows with small udders will be capable of secret
ing no more than 10, 20, or 30 pounds of milk per day, 
whereas cows with greater udder capacity may yield up 
to 100 pounds or more per day. The small udder,and 
yield, in turn, indicate a deficiency of one or more of the 
hormones. 

Indexes of Hormones That Stimulate Milk Secretion 

Lactogen was mentioned as the hormone secreted 
by the anterior pituitary which stimulates the udder cells 
to secrete milk. 

At present no method has been developed to esti
mate directly the lactogen secretion rate. However, de
ficiency in lactogen secretion by high producing cows 
can be estimated by injecting them with this hormone. 
If a cow increases in milk yield upon the injection of 
lactogen, her milk secretion apparently is limited by in
sufficient lactogen secretion and she would produce more 
milk if she was capable of secreting larger amounts of 
this hormone. The extent of her deficiency in lactogen 
secretion can be estimated by her response in milk yield 
as graded increases in lactogen are administered. 

The pituitary secretes the greatest amounts of this 
hormone in early lactation, then the amount secreted de
clines gradually. With the decline in hormone secretion, 
milk secretion declines due to the lack of hormone. 

In cows with small udders, producing only limited 
yields of milk, small amounts of lactogen are adequate to 
stimulate all the milk the cow is capable of secreting. If 
large amounts of lactogen are secreted by such cows, the 
excess amount is of little value but will tend to prevent 
the decline in milk yield so long as it is secreted in ex
cess of requirements. 

In cows with large udders, capable of secreting large 
amounts of milk, the rate of secretion of lactogen must 
be high to maintain secretion of large amounts of milk. 
The lactogen -must be there in sufficient quantity to real
ize the udder's full potential. 

Thyroxine, secreted by the thyroid gland, plays an 
important role in milk secretion. Experiments show that 
cattle vary greatly in thyroxine secretion rate, some secret
ing five times as much hormone as others. 

Thyroxine is the first hormone whose secretion rate 
we have been able to determine directly in dairy cattle. 
By the use of radio-active iodine (P 31

) it is now possible 
to estimate the daily secretion rate of thyroxine. Thus 
animals can be culled on the basis of their thyroxine 
secretion rate. 

While estimation of thyroxine secretion rate can be 
made directly, such information should be supplemented 
by the response of the cows to injections of thyroxine or 
to the feeding of thyroprotein. If a cow shows little or 

6 

no response to the thyroid hormone a lack of this sub
stance apparently isn't hindering her production. 

Tests revealing the thyroxine secretion rates in cattle 
at various seasons of the year have shown that the secre
tion of this hormone declines in the spring and summer 
and increases in the fall and winter due to the changing 
temperature. In Missouri , dairy cows secrete only one
third as much of the hormone in the summer as in the 
winter. This seasonal variation in thyroxine secretion rate 
largely explains why cows secrete less milk during hot 
weather than during cold weather. 

It has been shown, also, that underfeeding depresses 
thyroxine secretion rate. Thus cows which are poorly fed 
will secrete less thyroxine and produce less milk. Many 
other factors which influence the thyroxine secretion rate 
are being studied. 

Studies of the growth hormone have been conduct
ed with lactating cows to a limited extent. Injection of 
the hormone for periods of one week have resulted in 
increases of milk production up to 6 pounds or more per 
day. In the case of longer continued injection of the 
growth hormone, the milk yield has increased as much 
as 15 pounds per day. These studies indicate the marked 
influence of the growth hormone on the intensity of milk 
secretion. 

Some animals show little or no response to growth 
hormone whereas others show a considerable response. 
The extent of response to growth hormone is believed to 
indicate a lack of optimal levels being secreted by in
dividual cows. Naturally the response to the growth hor
mone will be greatest when it is deficient in animals 
which have high secretion rates of other essential hor
mones. 

At pres~nt, no methods of directly estimating the 
growth hormone secretion rate in cattle are available. 
However, progress is being made and this may be possi
ble within the next few years. 

Measuring Parathyroid Secretion Ability 

Direct methods of estimating the parathyroid hor
mone secretion rate in experimental animals are being 
developed. Their use in dairy cattle will be difficult but 
not impossible. 

Currently, the most effective method of measuring 
deficiency involves the use of an orally effective corn
pound, dihydrotachysterol (AT 10) , which has been 
shown to have physiological properties similar to the 
parathyroid hormone. The feeding of this preparation in 
optimal amounts may stimulate increased milk secretion 
in cows which are deficient in parathyroid hormone. 
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Measuring Adrenal Hormones 

Hydrocortisone is one _of the most important hor
mones secreted by the adrenal cortex. A method of de
termining the secretion rate of this hormone has been 
developed at the Missouri Experiment Station. Additional 
research is required to determine the role of adrenal hor
mones in the lactation process. 

Oxytocin, the "Let-Down" Stimulator 

While methods of estimating the amount of oxyto
cin discharged at each milking have not been developed, 
it is relatively easy to measure the deficiency. The greatest 
amount of hormone is required by cows at the peak of 

7 

lactation. At this time, the amount of residual milk pres
ent in the udder at the end of each milking can be de
termined by injecting oxytocin and remilking. The de
gree of deficiency in oxytocin secretion can then be cal
culated from the percentage of residual milk. 

Normally, to obtain the residual milk, it is neces
sary to inject directly into the blood 10 international 
units (I. U.) of oxytocin. It has been shown by work at 
this experiment station that the injection of 2o I.U. of 
oxytocin subcutaneously will permit the removal of the 
residual milk equally as welL The subcutaneous method 
of injection of the hormone is much less disturbing to 
the cow. 
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this experiment station that the injection of 20 LU. of 
oxytocin subcutaneously will permit the removal of the 
residual milk equally as welL The subcutaneous method 
of injection of the hormone is much less disturbing to 
the cow. 



In This Bulletin 
This bulletin presents a brief summary of the role of 

endocrine glands in relation to udder growth and milk 
secretion. It also tells how this knowledge can be used to 
guide selective breeding for higher milk production. 

The capacity of dairy cattle to secrete large amounts 
of milk and fat is dependent upon general body size and 
udder size. The yield of milk at the time of maximum 
production and the persistency of the secretion of large 
amounts of milk throughout the lactation period are de
pendent upon the rates of secretion of a number of hor
mones. 

When dairy cattle secrete less than optimal amounts 
of one or more of these hormones, their ability to pro
duce large amounts of milk will be limited. 

If progress is to be made in the genetic improvement 
of the milk producing capacity of dairy cattle, it is neces
sary in the selection of breeding animals to determine 
their capability of secreting large amounts of the es
sential hormones for udder growth and milk secretion. 

We have two ways of estimating hormone deficiency 
in breeding animals. In the case of some hormones, meth
ods have been developed for the direct estimation of the 
daily secretion rate. In the case of other hormones, we 
must turn to the response of the cow to injection or 
feeding of hormones. If no increase in milk yield is ob
served, it is concluded that no deficiency exists in respect 
to a given hormone at the cow's level of milk yield. 
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