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METABOLIC DISORDERS IN HIGH PRODUCING COWS

D. E. Otterby and K. L. Siewert
Department of Animal Science
University of Minnesota

During recent years milk production of dairy cattle has increased greatly.

This increase in milk production has been due largely to improvement in the
genetic potential of our present day dairy cattle, to development of new
management techniques and to the use of more concentrates in the dairy cattle
ration, Because maximum return is desirable from our dairy cattle, it is essen-
tial to avoid anything that will tend to be detrimental to high milk production.
Metabolic problems, whether they be of nutritional or genetic origin, have often:
taken their toll on total milk production, When dairy cows are fed and managed
so as to maximize their producing capacity, metabolic problems are likely to
increase, Many herds are now averaging over 16,000 1b, of milk per cow per

year., This kind of production is likely to continue or increase in the future.
Herds that have attained this level of production are being fed many more 1b.

= of concentrate than previously. Ten years ago, the average amount of grain fed

& to dairy cattle enrolled in Minnesota D.H.l.A, was 3200 1b, (Wayne et al., 1968).
Today, it is over 5000 1b, There are some herds in Minnesota that are being

fed over 7000 1b, of concentrate per cow per year, These figures emphasize

{ that dairy cattle are being pushed for maximum production, To attain this high
production, the dairy cow must enjoy freedom from such metabolic disorders as
ketosis, milk fever, off feed problems and the like, In addition, such problems
as displaced abomasum and udder edema should be minimized,

In this paper, some of the metabolic disturbances common to dairy cattle and
i some of the problems that may be indirectly associated with feeding or nutri-
; tion will be discussed, No attempt has been made to cover each area in full
detail, The reader is referred to the literature cited for more extensive
treatment of these areas,

KETOS IS

; Ketosis is most common in high producing cows. Shaw (1956) estimated that L%
B or one million cows developed ketosis in 1956, This metabolic disturbance
usually occurs during the first 10 days to 8 weeks after calving. Three weeks
postpartum is considered to be the most critical period.

Ketosis is defined as a metabolic disorder in which the level of ketone bodies
in body fluids is elevated. The ketone bodies,gg -hydroxybutyric acid, aceto-
acetic acid and acetone are normally present in blood at less than 10 mg %.
However, blood levels may be as high as 50 mg % in ketotic cows. A change also
is noted in blood glucose and plasma free fatty acids. Blood glucose may be

i) one half of normal and plasma free fatty acids may be 5 times that of the

i normal level.

One of the predisposing factors to ketosis is that blood glucose is not ade-
quate to meet the demand for lactose synthesis. Shaw (1956) estimates that
over 1 kg, of glucose may be removed each day by the mammary gland of the high
producing cow. The ruminant must synthesize most of its endogenous glucose
because little dietary glucose escapes fermentation in the rumen. Gluconeo-
genesis from body protein and amino acid pools is not sufficient to meet the
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demand for glucose. Thus, other precursors of glucose must be supplied. When
high levels of grain are fed, large quantities of propionic acid are produced
by the rumen fermentation. Propionic acid is glucogenic and, therefore, is
desirable for maintaining normal levels of blood glucose. However, high grain
rations often depress milk fat synthesis and this must be taken into account
when planning the dairy cattle ration.

Another glucogenic material is propylene glycol. It has been used successfully
in prevention and treatment of ketosis. Hoover et al. (1969) have found decreas
incidence of ketosis in cows fed propylene glycol as compared to controls. They
fed .25 1b. of propylene glycol twice daily beginning 14 days prior to antici-
pated calving and continuing for 7 weeks postpartum.

The ketone bodies in the normal cow are produced by the rumen epithelium, liver
and mammary gland. When ketosis occurs, the liver produces ketone bodies at a
much higher rate. Kronfeld (1963) has concluded that ketogenesis in the mammary
gland is elevated when the problem occurs. However, Baird (1965) found the
mammary gland played only a minor role in ketone body production of both the
normal and ketotic cow. Ketone body production by the rumen epithelium is
dependent largely upon the quantity of butyric acid in the rumen. Thus, it is
desirable to avoid feeding materials such as high moisture hay silage that may
be high in butyric acid.

Several explanations have been postulated for the rapid increase in ketone
body production by the liver during the ketotic state. |In early lactation,
high producing dairy cows often cannot eat enough to meet their demands for
energy. — Therefore, fat mobilization increases and lipogenesis decreases
resulting in production of large quantities of acetyl Co A. Krebs (1966) has
suggested that in such cases there is an increase in gluconeogenesis which
reduces the amount of oxalacetate available for operation of the citric acid
cycle, Consequently, the acetyl Co A supply becomes abundant and is diverted
into ketone bodies. However, this hypothesis needs further clarification
(Kronfeld, 1969). Nevertheless, it appears desirable to avoid having cows in
excess condition at calving, |In addition, the cow should be fed liberally
during early lactation to attempt to meet her energy needs, Excess body fat
and underfeeding will lead to faster and prolonged fat mobilization after
calving. Furthermore, there is a greater chance for fat accumulation in the
liver with possible increases in the rate of ketogenesis.

Recent investigations by McCarthy et al. (1968) have indicated that ketosis may
be a problem of methionine deficiency and serum lipoprotein aberration. How-
ever, further work is needed in this area.

In a recent review, Schultz (1968) discusses feeding and management practices
that tend to reduce the incidence of ketosis. In brief, the recommendations

are based on attempts to prevent cows from becoming excessively fat prior to

calving and to balance feed intake with milk production so that blood glucose
levels are maintained. Also, the amounts of ketogenic materials offered the

cow should be minimized.

MILK FAT DEPRESSION

The reader is referred to an excellent report on this subject presented by
Schultz (1967). As mentioned previously, extremely high amounts of concentrates
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often bring about milk fat depression. When high concentrate-restricted for-
age, finely ground forage or pelleted diets are fed, the rumen microbial
population produces a greater proportion of propionic acid and smaller propor-
tion of acetic acid than when diets containing liberal amounts of long hay are
fed. These changes in ruminal volatile fatty acid production often lead to
depression of milk fat synthesis. The precursors of milk fat are acetic acid,
blood triglycerides and B -hydroxybutyric acid. When a high grain ration was
fed, higher levels of blood glucose and lower levels of blood acetic acid and
triglycerides were detected than when an ad libitum forage ration was fed.
Arterio-venous difference studies have shown significant decreases in uptake
of acetic acid by the mammary gland. Schultz (1967) hypothesized that higher
levels of blood glucose may increase insulin secretion which would stimulate
conversion of acetic acid into body fat. Thus, less acetic acid would be
available to the mammary gland for milk fat synthesis. Other work as pre-
sented by Van Soest (1963) has shown that a deficiency ofﬁg-hydroxybutyric
acid may account for milk fat depression,

Van Soest (1963) has reviewed several theories on milk fat depression and he
concluded that intermediary metabolism and the events occurring within the rumen
must be studied in relation to all body processes of the cow as a whole.

Various additives such as sodium bicarbonate, potassium bicarbonate and magnesium
oxide have been used to alleviate milk fat depression (Emery and Brown, 1961;
Schultz et al., 1965; Schultz, 1967; Emery et al., 1965). The bicarbonates alter
the rumen fermentation to one that is similar to that found when high forage is
fed while the magnesium oxide exerts its effect at the mammary gland.

While additives may be used to partially correct or prevent milk fat depression,
Schultz (1967) has recommended that the ration contain one-third forage or that
one 1b., of hay equivalent be provided for each 100 1b., bodyweight. Another
thumb rule is that there be 13-15% of fiber in the ration.

MILK FEVER

Incidence of this metabolic disturbance is exceedingly high in some herds.

Stott (1966) has reported that 76% of the cows in one herd developed milk fever.
Milk fever or parturient paresis usually occurs shortly after parturition and

is caused by reduction in serum calcium levels. The problem is generally
associated with older cows rather than with first calf heifers. Calcium absorp-
tion by the intestine decreases rapidly as the animal matures (Hansard et al.,
1954). Aging animals have an even more limited capacity for absorption within
the intestinal tract and also excrete increased amounts of endogenous calcium,
In addition, Kleiber and Luick (1956) have shown that labile bone calcium and
phosphorus amounts to only 2% and 1%, respectively, in older cows. Thus, if
homeostatic mechanisms for controlling serum calcium fail at the onset of lac-
tation (which is probably the most critical period), milk fever results.

These mechanisms that control calcium homeostasis in the cow are not campletely
understood. Some cows are particularly more susceptible than others, The Jer-
sey breed seems to have more than their share of milk fever problems; however
cattle of other breeds also are often victims. Ward et al. (1954) have shown
that cows that developed milk fever were in negative calcium balance prior to
parturition, Boda and Cole (1954) reasoned that parathroid insufficiency might
be one of the primary predisposing factors to milk fever, Parathyroid hormone
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is one of the important means for controlling or maintaining calcium homeostasis.
If calcium is needed, the hormone stimulates resorption from bone. When cal-
cium is in plentiful supply, activity of the glands is depressed. The dry cow's
need for calcium is low compared to that of the lactating animal. In addition,
many dry cow rations are based largely on alfalfa hay which may contain excess
calcium in relation to the maintenance requirement. Moreover, such rations may
not be adequate in phosphorus, Thus, the dry cow may rely primarily on high
dietary calcium intake for homeostasis rather than upon the secretions of the
parathyroid glands (Mayer, 1968). Boda and Cole (1954) fed diets low in calcium
and relatively high in phosphorus to cows with previous histories of milk fever.
Incidence of the problem was drastically reduced in cows receiving low calcium
diets whereas control cows developed milk fever similar to the previous rate.
Stott (1966,1968) has reported similar results when herds with very high inci-
dences of milk fever were fed 1% monosodium phosphate in the grain mixture in
place of the usual calcium or calcium-phosphorus supplements, Stott and Smith
(1957) have shown that parathyroid activity probably is not the only factor
involved in development of milk fever, They removed the parathyroids from cows,
but yet no milk fever developed. However, a slight drop has been noted in serum
calcium in some studies of cows without their parathyroids, Subsequently,

Stott (1968) observed that parathyroid hormone was low in glands from cows having
milk fever as compared to those taken from cows during late gestation or early
lactation., Stott (1968) speculates that excessive calcium or low levels of
dietary phosphorus may be predisposing factors, Under such conditions, bone
reabsorption may occur to meet phosphorus needs, while excess calcium would
depress parathyroid activity. Kleiber and Luick (1956) have shown that high
levels of phosphorus in the diet will cause bone accretion and, hence, bone
stores may be increased.

Kronfeld (1968) hypothesized that the targets of parathyroid hormone may be less
responsive at parturition. Thus, even though adequate parathyroid hormone may
be present, the targets such as protein carriers or some enzymes in bone cells
and intestinal cells are not conditioned for the rapid response that may be
required after calving. A slight deficiency of calcium during the dry period
could conceivably correct the situation,

Stott (1968) has advanced another theory that may play an important role in
cows that develop milk fever, High circulating levels of estrogen at parturi-
tion may cause or stimulate bone accretion, thus drawing more calcium from
the blood stream and thereby put more strain on the homeostatic mechanisms,
More research is needed in this area.

Another important factor is the role of vitamin D in preventing milk fever. It
is known that D is necessary for absorption of calcium and for bone mobilization,
Recent investigations by Olson and DeLuca (1969) have shown that calcium trans-
port in intestinal preparations from D deficient rats was stimulated markedly

by the addition of 25-hydroxycholecalciferol, the active D metabolite, Addition
of Dy to similar preparations had no effect, The formation of the metabolite
is tgought to occur in liver, The authors are unaware of any research dealing
with the relationship of this metabolite and milk fever, However, extensive
research has been conducted on the use of massive doses of vitamin D to prevent
milk fever, Hibbs and Conrad (1965) report that feeding 20-30 million units of
D for 3-7 days immediately prior to calving will give about 80% protection in
cows with previous histories of milk fever, Apparently, D has a calciostatic
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action similar to that of parathyroid hormone, Longer feeding periods at these
high levels are not advised. Capen et al, (1968) demonstrated that cardiovas-
cular mineralization occurred when cows were fed massive doses for 30 days. In
addition, parathyroid hormone secretion and synthesis was depressed.

Hibbs and Conrad (1965) also have studied the effect of continuous feeding of
100,000 to 500,000 units of vitamin D daily on the prevention of milk fever,
Protection was obtained for cows with previous histories of milk fever, but
cows with no previous history of the problem were affected slightly more,
though nonsignificant, than controls. Thus, it appears that use of high levels
of D may be most useful for those cows that have been previously afflicted with
the problem,

Concentrate feeding during the dry period has lessened the incidence according

to some experiments (Hibbs and Conrad, 1965; Kendall et al., 1963). Emery et al.,
(1969) have reported that more cases of milk fever were observed in cows fed
grain during the dry period. The latter experiment involved 50 cows. The use-
fulness of grain feeding during the dry period to prevent parturient paresis
needs further investigation.

Although all of the metabolic control mechanisms for prevention and control of
milk fever are not known, the available evidence indicates the proper calcium
and phosphorus supplementation is necessary to minimize the occurrence of the
disorder, Use of vitamin D according to the Ohio recommendations (Hibbs and
Conrad, 1965) appears to give good protection provided one has some knowledge

of expected date of calving., A shortage of phosphorus during lactation and the
dry period may be a prime factor in predisposing a cow to milk fever. According

to NRC requirements (1966) a cow that weighs 700 kg. (1540 1b,) and produces

45 kg, (99 1b.) of milk containing 3,5% fat needs 144 g, calcium and 108 g,
phosphorus daily, |If the cow is short of phosphorus during lactation as well
as during the dry period, serious problems could develop, Thus, use of supple-
ments containing adequate phosphorus are a necessity for modern day dairy cows.
While the significance of the calcium to phosphorus ratio is not completely
understood for ruminants, it seems wise for dairymen to strive for a ratio that
approaches 2:1 or 1:1.

LACTICACIDOSIS AND OFF FEED PROBLEMS

Obviously, any time off feed problems occur in high producing cattle, output of
milk will decrease, Sometimes off feed problems are a result of increased lac-
tic acid production within the rumen, Lactic acid is a normal constituent of
many feeds such as corn silage, oat silage and alfalfa silage (Owens et al.,
1968; Derbyshire et al., 1966; Gordon et al., 1961). Lactic acid is also a
common intermediate in many of the biochemical pathways that occur for the
transformation of carbohydrates to volatile fatty acids. Under normal condi-
tions within the rumen very little lactic acid accumulates. However, very large
amounts sometimes are produced because of some abnormal feeding situation.
Dunlop and Hammond (1965) have found high concentrations of lactic acid within
the rumen when animals engorge themselves with grain. The engorgement resulted
not only in the animal going off feed, but, in some cases, death.

Other workers have shown that high amounts of grain given to unadjusted animals

will cause off feed problem. Uhart and Carroll (1967) demonstrated that steers
changed abruptly from a ration of alfalfa hay to one containing 90% barley and
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milo went off feed within 2 or 3 days after change of ration, They also found
lactic acid increased within the rumen while pH and ruminal volatile fatty acid
decreased., Blood pH, pCO and urine pH declined in most of the steers on trial,
Six days later the animals resumed eating and appeared to be adapted to the higl
grain ration. Rumen and blood characteristics were similar to those of animals
that had been fed high grain rations for long periods of time,

Apparently, there is a low turnover of lactic acid when ruminants receive diets
composed largely of hay, Furthermore, the most common isomer of lactic acid is
the L(+) form, but under abnormal feeding situations the D(-) isomer is produce
in rather large quantities (Mackenzie, 1967). This isomer is not readily metab
lized by rumen bacteria and by body tissues, though there is some evidence for
the conversion of the D(-) isomer to the L(+) isomer under certain dietary con-
ditions (Whanger and Matrone, 1965).

When an animal becomes engorged with grain, the normal rumen flora changes and
is replaced by bacteria that produce large amounts of lactic acid. The pH of t
rumen contents may drop to such a low level that rumen epithelium may slough of
into the rumen fluid (Mackenzie, 1967). In addition, amino acids may be
decarboxylated to form histamines and other amines and unidentified toxic facto

Tremere et al. (1968) have observed that once a day feeding of grain and increa:
ing the rate of feeding too rapidly caused dairy heifers to go off feed. |In
their trial an all wheat ration or a ration consisting of 50% wheat was fed to
heifers in a series of experiments designed to monitor metabolic changes that
occur in off feed conditions. When wheat was fed, there were high concentratio
of lactic acid, low rumen pH values and large refusals of feed, While lactic
acid concentrations in rumen fluid were not so high when the 50% wheat ration w
fed, the heifers did go off feed. In another trial, buffers were infused into
rumens of some animals in an attempt to prevent the off feed condition. The pH
the rumen was maintained above the levels of the previous trials; however, the
heifers still went off feed, Tremere et al., (1968) concluded that other factor
addition to the effect of lactic acid are involved when this problem occurs, F
ther work by these same investigators showed that gradually increasing the amou
of concentrates in the ration and/or increasing the frequency with which concen
trates were fed was effetive in preventing the animals from going off feed. Th
speculated that feeding several times daily resulted in a more uniform producti
and utilization of end products of the rumen fermentation. Thus, the evidence
indicates that abrupt changes in ration composition should be avoided. In addi
tion, frequency of feeding and the rate at which concentrates are increased are
important in preventing cattle from going off feed.

LEFT DISPLACEMENT OF THE ABOMASUM

Though displaced abomasum is not a new problem and is not necessarily a nutri-
tional problem, it is briefly discussed in this paper because of its possible
association with feeding practices, The incidence of this disorder seems to be
increasing; however, this is undoubtedly due in part to increased examination o
cattle that appear to be ill, According to Robertson (1968) left displacement
of the abomasum appears to occur more frequently during the months of November
through May than at other times., In his study, which involved 201 cases, 86%
of the cows that suffered displaced abomasums were affected during a period of
two weeks prior to calving and two weeks after calving., Almost 25% of the cows
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affected showed some symptoms on the first day after parturition. There
appeared to be some association between abomasal displacement and the amount

of grain that was included in the ration. Robertson (1968) states that there
is some re-arrangement of abdominal organs during the latter part of pregnancy
because of the space occupied by the uterus and its contents. When large
amounts of grain are fed, the abomasum may become hypotonic or atonic, Immedi-
ately after parturition, the empty uterus allows the other organs to fall into
normal position, but the hypotonic or atonic abomasum becomes displaced or

does not return to its normal position. The exact causes of abomasal displace-
ment and relationship of heavy grain feeding to this problem are largely
speculative. Further research is needed to clarify the effect of heavy grain
feeding prior to and after parturition.

OTHER NUTRITIONAL OR NUTRITIONALLY RELATED DISORDERS

Disorders such as ruminal parakeratosis, liver abscesses, laminitis, feedlot
bloat and other problems have received more study in beef cattle than in dairy
cattle. Miller and 0'Dell (1969) stress that more attention should be given

to these problems in dairy cattle. When cows are fed high levels of concen-
trates for extended periods, these disorders associated with high grain feeding
could very well increase.

A recent study by Emery et al. (1969) has suggested that prepartum grain feeding
may increase the incidence of udder edema in heifers but not in cows. Though

no direct evidence was presented, they theorized that cows may possess a more
developed lymphatic system that allowed for better drainage from the tissues.
The cattle in this trial were fed a good quality forage and were in good condi-
tion prior to calving.

SUMMARY AND CONCLUSIONS

Metabolic problems in high producing dairy cows may reduce production sharply.
A good many of these disorders seem to occur at calving or during the initial
stages of lactation., There may be multiple problems., Proper nutrition and
careful feeding practices will help to avoid some of the disturbances; however,
much research is needed in this very important area.
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