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MEETING THE OF

James W. Crowiey
Extension Dairyman

University of Wisconsin

High Meat Prices, Mounting Food Costs, Food Shortages, and similar headlines are
very familiar in todayfs newspapers and magazines. For livestock producers, the head-
lines in farm papers are essentially the same. High Soybean Oil Meal, Protein Shortages,
Increasing Grain Costs, and similar stories raise many of the same concerns for livestock
producers as food prices do for the housewife.

The reasons for the high food prices and higher feed prices and the common sugges-
tions for partial solution for both the housewife and livestock feeder are also the same*
A large part of the increase in cost is explained by the complexity of inflation. Higher
wages, increased transportation costs, additional processing costs and all of the other
inputs into food production result in higher food costs. The delay in increasing food
costs during periods of plenty or surplus has resulted in rather sharp increases in the
last year. Dairymen are very familiar with the long delay which existed between the in-
creased cost of milk production and the selling price of milk. Thus, the dramatic increase
in the last year is largely explained by "catching up f ? with the inflation which has occurred
To a large degree, the increase in feed prices is also due to catching up with inflation.
$1 corn, $5 soybean oil meals and $20 hay existed through the 1950fs and 1960 fs s even
though tractors, trucks, taxes, etc, dramatically increased. Like meat and milk prices,
there had to be a realistic change eventually,

The relationship of grain prices to milk is not as favorable now as it was a few years
ago, but it is better than it was 20 years ago.

Table 1 shows that increased milk prices have not kept pace with grain prices in
1973. At the same time, it is important to keep in mind that milk prices have increased so
that some increase in feed prices should be expected. Also, general economic formulas
which determine whether or not it is profitable to feed grain would still favor feeding for
near-maximum production. For example, 1 Ib. of grain will produce 2 Ib. of milk and the
2 Ib. of milk are worth about three times the cost of the grain. The general rule is "milk
production should be profitable if feed price is half of the value of the milk produced."

TABLE 1,—Pounds of Grain Purchased by 100 Lb. Milk,

Year Milk/Grain Ratio

1940
1950
1971
1972
1973 (May)

1.14
1.20
1.70
1.72
1.50
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One of the suggestions to the general consumer for reducing food bills is to cut down
on waste or luxury consumption. In both human and livestock feeding there has been a
general philosophy of providing extra or surplus amounts !!just to be sure*" The luxury
consumption of extra protein, highest priced meats, specially processed or prepared
material, etc . for convenience or for unrealistic margins of safety become too much of a
luxury when prices get high.

For either livestock or humans, there is no suggestion of starvation or even under-
feeding, But there is in both cases a need to avoid waste. The general philosophy is
that the most limiting and thus most expensive resource must be used to the fullest ex-
tent. In recent years , feed costs have been comparatively low while labor, capital, and
other inputs needed for milk production were high* If the most limited resource for dairy-
men is labor, then the concern is to be sure labor is used to the fullest and one way is to
feed extra. But as feed prices increase, the feed could be the limited resource and thus
the extra t!to be suref! becomes unrealistic.

^
Low carryover, continued demand for both domestic and export trade, and very

questionable production this summer have resulted in general agreement that feed prices
will remain high. Futures on grains and especially the high-protein feeds are strong in-
dications that 1973-74 prices will remain high. Soybean oil meal may well be less than
last winter but there has been a lot of soybean oil meal sold on December futures for $200
a ton and raw beans at $5.50 to $6.00 a bushel.

Prices for feeds or feed products which have a more restricted market are expected
to be higher but will be more realistic. Home-produced forage crops in general (hay,
silages, and pasture) will cost more to produce or buy but the lack of competition for
human food or monogastric feeding will keep them more in line. Likewise, high-fiber
grain by-products and the non-protein nitrogen feeds provide dairymen with alternatives
which many feeders cannot consider .

Although feed prices will be higher this winter , they will not be completely out of
line with milk prices . They will be high enough to make time spent on careful selection
of purchased feeds profitable. Likewise, a dairyman will be financially rewarded for
doing a good job of producing feeds and for making the best use of both home-grown and
purchased feeds.

Frequently, the full value of high-protein forages, especially those produced at
home, is overlooked in the feeding program. An increase in soybean oil meal from $100
to $200 per ton increases the value of alfalfa hay by about 50% . The $20 hay becomes $30
hay and the $30 hay becomes $45. However, the increased value of home-grown hay or
hay silage will only be realized if the dairyman takes advantage of it in his feeding pro-
gram.



Since high-producing cows need the most protein,, save the best hay tor high pro-
ducers. Feeding hay or hay silage which contains 16 to 20% crude protein to low pro-
ducers, dry cows, or heifers is a luxury a dairyman can afford only if he has a surplus of
this kind of hay. The idea is to use the high-protein forages for high-producing cows and
and then use cheaper protein sources such as urea ior dry cows and heifers. By saving
the best hay for the highest producers, the dairyman essentially is following the tech-
nique used for many years of making some !!test cow" hay,

Another way of making better use of protein from the forages is to give full credit to
the forage in the total ration . Evaluate the forages by chemical test, personal observa-
tions, arid feed composition tables. When high-protein forages are used, make corres-
ponding decreases in the protein added to the grain mix. When protein feeds and energy
feeds are about the same price, a dairyman can afford the luxury of extra protein for
safety. When the protein feed costs four or five times as much as a feed of equal energy
value, it is essential to be sure that the protein is really needed rather than converted to
energy uses.

Feeding a total or all-in-one ration to dairy cows is a comparatively new and still
limited feeding system . However , the composition of the total ration is a very useful way
to illustrate, explain, and meet the requirements of the cow, even if different parts of the
ration are fed separately. For example , suppose a herd responds well both nutritionally
and economically to a ration made by mixing 50% roughage and 50% grain in a feed mixer.
Then a similar response would be obtained if the cow were fed a total ration of half rough-
age and half grain in separate feedings . Likewise, if a totally mixed ration containing a
specific chemical composition is good, then a total ration of similar chemical composition
is adequate even though the ingredients are fed separately.

TABLE 2. —Composition of Total Ration* Dry Matter Basis (NRC 1971).

Producing Cows1 Da i ly M i l k Production

Nutrient

Crude Protein %
Dig. Protein %
T.D.N. %
Crude Fiber %
Calcium %
Phosphorus %

Dry
Cow

8.5
5.1
53
15
0.34
0.26

Less than
44 Lb.

14
10
60
13
0.43
0.33

44-66
Lb.

15
11.4
65
13
0.47
0.35

More than
66 Lb.

16
12.3
70
13
0.53
0.39

*A11 values are given as m i n i m u m by N R C . General recommenda-
tions from research indicate that protein and T . D . N . values are
about optimum. Crude fiber is lower than optimum (17% would be
closer to a consensus for opt imum). Likewise, percent of calc ium
usua l ly suggested is 0.6 to 0.8% and percent of phosphorus is 0.4
to 0.6%.
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The difference between the total ration containing the hay, silage, and grain mixed
together and feeding them separately is primarily the control of what the cow eats. In the
case of the mixed ration the ingredients are consumed in the proportions used in the mix-
ture. In the case of separate feeding, the proportions are controlled by the amount of in-
dividual ingredients fed,

The composition as given in Table 2 generally agrees with suggestions by various
research workers throughout the country. Many would use 13% for minimum protein and
would consider 15 or 16% high or as adequate to insure safety for variations in feed qual-
ity. A higher level of crude fiber would usually be suggested. The 13% suggested by
NRC is minimum; 17% would be closer to a consensus figure. The T .D .N. level of 70%
even for highest producers would be maximum. Calcium and phosphorus levels would
also be considered minimum by many. Usual or common levels are at least 0 . 6 % calcium
and 0 . 4 % phosphorus.

An additional requirement of the total ration is bulk. The minimum crude fiber levels
and the maximum total digestible nutrient level require some roughage type of feed.
However, in addition to this chemical requirement, there is a need for physical coarse-
ness or roughage in the ration. Providing minimum crude fiber or limiting T .D .N. to 70%
with ground hay, for example, will not meet the physical requirement. Thus, a further
requirement would be to provide at least 30% of the total ration as long or chopped hay,
regular cut silage, or usual pasture forages. With long or chopped hay of average quality
and a 17% fiber content of the total ration, 30% or about one-third roughage would be
adequate. However, with excellent quality hay, finely chopped hay or silage, and high-
energy grain, 50 or 60% roughage would be needed.

Low_ Producers Need Less Protein

The general composition as given in Table 2 is liberal in protein compared to the
actual pounds required for low producers.

There are several points in Table 3 which can help save protein cost. First, cows
need pounds of protein rather than percent. With low protein prices, it is convenient and

TABLE 3.--Protein Required Feed Intake and Percent Protein
Based on N.R.C. Requirements.

1400 Lb. Cow — Daily Lb. of 3.5 Milk

20 40 60 80

C. P. Needed
D. M. Intake*
T.C.P.
D.M. Intake1"
T.C.P.

2.1
28
7.5
42
5.0

3.6
32
11.2
42
8.6

5.2
36
14.4
42
12.4

6.6
40
16.5
42
15.7

8.1
44
18.4
42
19.3

*
Assume 2 Ib. per cwt. plus 1 Ib. for 5 Ib. milk.

^Assuming 3% of body weight.
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economical to use one protein percent for ail cows. By being liberal, the low producers
are overfed. If protein is cut to all cows, then the high producers will become low pro-
ducers because of too little protein .

Two different estimates or thumb rules for guessing intake are used* Neither would
be correct for individual cows or even herds. Feed quality, systems of feeding, stage of
lactation, and many general environmental conditions could atfect intake. The important
point is that the best use of protein would be obtained if it was fed according" to need,
which is largely determined by production. For the coming season, a general low pro-
tein feeding with extra hand feeding for higher producers could make good wages for the
extra labor. For example, if the tola! ration contained about 12% protein, this would be
adequate for cows giving up to 30 Ib. of milk. Then, hand feed 1 Ib. of 40% protein sup-
plement for each additional 5 Ib. of milk.

Use Non-Protein Nitrogen_

It has been known for many years that the ruminant has two very advantageous abili-
ties in feed utilization. One is the ability to digest cellulose and the other is the ability
to utilize non-protein nitrogen. There have been literally thousands of research articles
and equal numbers of popular stories on use of urea and other non-protein nitrogen feeds.
These range from the extreme optimistic side of complete use of urea to the extreme pessi-
mistic side by those who still fail to believe any value can come from a "chemical feed, f !

Precautions, proper uses and limitations cannot be over-emphasized in using chemi-
cals in agriculture. However, an even greater disaster is the feeling that chemicals
should be ignored. Urea fits this general picture. In times of low protein prices, it is
easy to justify the luxury of safety and simplicity of avoiding non-protein nitrogen. But
when protein costs 25<t to 30* a pound in plant feed supplements, the luxury of complete
protein becomes too expensive. It requires about 7.5 Ib* of protein to produce 100 Ib. of
milk. Thus 1? Ib . of 44% soybean oil meal would be needed to provide this protein. At
current prices, the cost of natural protein supplements for milk production is about half
the value of milk. In other words, just as animal proteins have previously been too ex-
pensive for cow feed, soybean oil meal or other plant proteins are reaching a similar
point. At least the amount which can be economically justified should be the minimum
required to maintain good production.

Table 4 illustrates the dramatic increase in cost of of protein in soybean oil meal in
the last year. When the difference in cost of protein from various sources for 100 Ib. of
milk is 30 or 40 cents, the idea of convenience, maximum production, and a wide margin
of safety is not a serious concern. But when the difference is $1.50 or $2.00, the dairy-
man who insists on using only the complete plant protein supplement is obviously at a
great economic disadvantage. Urea cannot satisfy all of the protein needs but can be used
to very satisfactorily save some of the protein cost. One-half Ib. of urea plus 3 Ib. of corr
can replace 3 Ib. of S .O.M. daily in the ration on many farms. Low protein rations and
cows in periods of low production provide the best opportunities to use urea.
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TABLE 4.—Cost of Crude Protein Needed for 100 Lb. of Milk.

Feed Price of Feed Cost of 7.5 Lb. C.P.*

S.O.M.
S.O.M.

Early Bloom Alfalfa Hay
Early Bloom Alfalfa Hay

Urea + Corn^
Urea + Corn
Urea + Corn

$ 5
$15

$20
$30

6*8<t
10$

Cwt
Cwt

Ton
Ton

- 2<£ Lb.
- H Lb.
- 4<t Lb.

$0.85
2.55

0.41
0.62

0.42
0.61
0.79

Assumes total value or cost of feed is for crude protein. This
is not an accurate comparison of the total nutrient value of a feed*

"'"Using 6 Ib. of corn and 1 Ib. of urea to approximate energy and
protein value of comparative amounts of S.O.M.

Malnta in Good Production

It is possible that a feeding program for a high herd average would not be the most
profitable feeding. However, for most dairymen the program which results in highest
production is also the most profitable. Summaries of dairy herd improvement records and
farm management records always show an increase in income over feed cost as production
increases. The basic concept that added grain feeding can reach a point of diminishing
returns because of the comparatively high cost of grain has largely disappeared. The
point of diminishing returns because of heavy grain feeding is now associated with physi-
ological problems caused by excessive grain feeding such as low-fat test, displaced abo~
masum, off-feed, and lower digestibility of the ration, rather than cost of the grain.

The increasing cost of labor, depreciation, taxes, capital, mechanical equipment,
manure handling, and other operating expenses make high gross income per cow essen-
tial. The overhead cost for any cow makes it essential to select cows with ability to pro-
duce and essential to provide a ration which utilizes that ability to near-maximum capacity.

"You cannot starve a profit out of a good cow and likewise you cannot feed a profit out
of a poor cow . ? T This is still a very sound philosophy which basically summarizes the re-
lationship between amount of profit and level of production. A feeding program can only
be profitable when it is combined with good breeding, good management, and an efficient
system of housing, milking, and other operating costs.

With high feed prices, the luxury of overfeeding cannot be justified. At the same
time, underfeeding can be even more serious. If a cow needs 4 Ib. of soybean oil meal
daily to meet protein requirements, the cost at $15 per hundred is 60 cents per day.
Removing the supplement would decrease protein enough to lower milk production by
about 25 Ib. Thus, saving 60 cents in feed costs decreases income by about $1.50. How-
ever, if urea-containing feeds are used to supply the same amount of protein for 30 cents,
a drop of 4 or 5 Ib. of milk could still be justified as economically sound. Research



workers arid good dairymen have made the substitution with no decrease in production.
The essential point is to be sure that each dollar spent on special or traditional supple-
ments is just as profitable as a substitute.

SumiTiary

Profitable feeding requires high levels of milk production. Breeding, management,
disease control, and feeding must be combined to obtain miniiiium average production of
about 14,000 Ib. of milk or 500 Ib. of fat. Production levels in this general deter-
mine whether or not it is possible for the feeding program to be profitable.

The outlook is for high feed prices to continue. The consolation for dairymen is thai
good milk prices are also predicted and there are stilt many opportunities to utilize feeds
which are realistically priced. Forages, high-fiber grain products, and non-protein
nitrogen products provide dairymen with alternatives which are not available to many
livestock growers.



THE COST OF PROGRESS

F. L. Schanbacher and K. L. Smith
Department of Dairy Science

The crisis in todayfs food costs and production demands thai agriculture will be
placed in a more competitive environment in the future. It will be imperative that more
efficient means of food production be utilized in order to reduce the farmer1 s production
costs and allow him a reasonable margin of profit. The development of more efficient
methods of food production cannot be guessed at or arrived at by random processes.
They will arise only through controlled methodical research and development efforts. It
cannot be over-emphasized that this research is costly, Al«*o, in most cases the rate at
which new methods are developed and implemented is directly proportional to the amount
of money spent for research and development of the area.

With specific regard to the dairy industry, the primary point of economic gain for the
dairyman is the rate of rnilk synthesis by the mammary gland. All other factors are sec-
ondary to this single property of the dairy cow. In the past, much of the money provided
for research on mammary gland control and function has come from the National Institutes
of Health or similar non-agricultural sources of federal research dollars. Relatively
little has come from the industry which would derive the most direct benefit from such re-
search. Federal health research has recently been more directly channeled into national
health needs and is providing extremely limited support to agricultural areas of research.
Thus, if the agricultural industries are to have the research needed in order to progress,
more of the money for that research must be provided by the industry it will benefit. It
is important that this transition be made since it will, over the years, allow the dairy in-
dustry to advance economically.

It should be pointed out that without the basic research on reproductive physiology,
sperm properties, and genetics, the modern dairyman would not have the benefit today of
artificial insemination, easy selection of and access to high-quality sires, and upgrading
of herd quality through such selection.

Without basic studies on teat and mammary gland anatomy and physiology, there
would not be any mechanical milkers. Without modern antibiotics and disease prevention
methods, dairymen would be in even more constant danger from animal disease losses.

Consider what production and profit margins would be today without these basic
research efforts conducted years ago, at a time when little practical benefit of this re-
search could be foreseen. Thus today's profits can be directly attributed to the research
of yesterday. Continued funding of dairy science and other agricultural research efforts
will help insure profits in the more competitive future,



DOUBLE-CROPPING—CORN FOLLOWING MEADOW

G. B. Triplet!, Jr. and R, W. Van Keuren
Department of Agronomy

Dairymen may want to consider double-cropping of hay and corn* Double-cropping
consists of harvesting two crops in 1 year, such as soybeans planted following the har-
vest of a small grain crop, usually wheat or winter barley. However, with no-tillage
making it possible to plant directly into the sod, an early cutting of hay followed immedi-
ately by planting of corn for silage has been shown to be practical for feed production.

Conditions are ideal for rapid meadow growth in early spring and the first cutting in
late May is usually the highest yielding for the season. Corn planted for grain produc-
tion yields best with an early May planting date, before maximum meadow production
occurs. Thus, the producer who waits for a meadow cutting before planting corn sacri-
fices grain yield potential.

The authors have been investigating total plant yield of corn as related to planting
date and find that the yield of plants plus ears is highest about 2 weeks after planting
date for maximum grain production. Thus, if the corn is harvested for silage, early
planting is not as critical as for maximum grain yields, and corn for silage fits nicely fol-
lowing an early meadow harvest. The producer who grows corn for silage can add 1 to
1.5 tons of hay dry matter per acre to corn yields by harvesting the first cutting of hay
before planting corn.

For the double-cropping system to be most effective, the hay should be taken off,
possibly as haylage, and the corn planted before the end of May. If the meadow is mostly
grass, nitrogen should be applied in March or early April to increase production of the
meadow crop. Regardless of meadow composition, adequate fertilizer must be used for
satisfactory corn yields. In OARDC studies, the no-tillage method of corn planting was
used. The corn was planted as soon as hay was removed. The untilled soil helped con-
serve moisture present at time of hay harvest. The hay stubble was sprayed with herbi-
cides prior to corn emergence and no further field operations were necessary until time of
silage harvest. Details on cultural practices for no-tillage corn may be found in the Ohio
Agronomy Guide.

The spring of 1973 is an example of a time when double-cropping of hay and corn
would have been useful, A very wet winter with saturated soil conditions resulted in an
unusual amount of heaving by alternate freezing and thawing, reducing alfalfa stands in
many parts of Ohio. Farmers undecided about the amount of damage to their stands could
have delayed their decision whether to keep the stand until mid-May, when growth was
well started. They could then have harvested the first cutting of hay, and still planted
corn for a crop of silage if the alfalfa stand was not worth retaining.

Preliminary feeding trial results indicate that the silage from late planted corn is of
excellent quality for dairy animals. Double-cropping has not only produced more total
feed per acre than corn alone, but also more total protein per acre through the hay har-
vest . This double-cropping system should help Ohio farmers produce more high quality
feed per acre.
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PRESERVATION AND FEEDING OF HIGH MOISTURE CORN —1973

D. L. Palmquist and H. R 0 Conrad
Department of Dairy Science

Investigations on improved systems for preserving and feeding high moisture corn
were continued in 1972 and 1973, The wet fall and winter of 1972 were excellent examples
of the need to develop improved methods for handling the corn crop. Another critical
factor in 1972, and which will probably be more serious in 1973, is the shortage of fuel
needed for drying corn.

Since 1970, OARDC dairy scientists have been testing organic acids, primarily pro-
pionic acid, as preservatives for high moisture corn (HMC). Studies reported in pievi-
ous Research Summaries have indicated that HMC is well-preserved by propionic acid
and will support maximum milk production. A major shortcoming has boon an apparent
depression in milk fat percent when HMC is fed.

In the 1972 study , HMC at 33% moisture was shelled, ground, and ensiled in a con-
ventional 8 x 30 concrete stave silo or whole shelled corn was treated with 1.8", by weigh!
of a propionic-acetic acid mixture (80: 20) and stored in a 12 x 40 conventional concrete
silo. The acid-treated HMC was ground before feeding to the dairy cows.

The three types of grain (dry, ensiled, or acid-treated) were fed to 12 lactating cows
in two different feeding systems. The 1-1-1 system entails feeding equal parts of hay,
grain, and silage on an as-fed basis. Assuming corn silage to be approximately 50°0
grain on a dry basis, this feeding system is about 50% grain. The 1-2-3 system provided
1 part hay, 2 parts grain, and 3 parts corn silage as fed, and contained about 62 o grain,
Even though the grain level is significantly higher, it has been observed that the in-
creased corn silage protected against lowered fat production (Table 1) when coarsely
ground alfalfa pellets were compared to long hay. Due to the poor quality hay available
during the HMC study, the roughage fed was coarsely ground 3/8-inch alfalfa pellets
(17% protein). The HMC diets were supplemented with a protein-mineral mix to make
them equal to the dry grain concentrate. Each diet was fed for 4 weeks and then the cows
were switched to new diets. Thus, each cow received four of the six diets during the
16-week study.

TABLE 1.— Lactation Studies With Cows Fed Either Alfalfa Hay
or Pelleted Coarsely Chopped (3/8-inch) Dehydrated Alfalfa as 25%
of Ration in a 1-2-3 Feeding System.

No. of Dry Matter Milk *
Source of Alfalfa Cows Intake Produced Milk Fat

Alfalfa Pellets

Alfalfa Hay

6

7

(lb.)
14,187

14,048

(lb.)
18,899

18,135

(lb.)

728

666

(X)
3.9

3.7

^Actual 305-day 2x daily.
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TABLE 2.—Summary of Performance of Fed H i g h Moisture Corn.

DJLIntake _«JPJlIJllL^_ F^* _ _^_ 41 FCM _
Diet pounds kilograms kilograms Percent "kilograms

Dry
1-1-1

1-2-3

Acid-Treated
1-1-1

1-2-3

Ensiled HMC
1-1-1

1-2-3

48.6

51.5

HMC
44.0

48.8

37.8

46.4

(22.1)

(23.4)

(20.0)

(22.2)

(17.2)

(21.1)

57.2

59.8

55.9

57.9

55.0

60.5

(26.0)

(27.2

(25.4)

(26.3)

(25.0)

(27.5)

3.25

3.19

2.82

2.86

3.29

2.92

50.2

52.8

46.0

48.4

49.1

50.8

(22.8)

(24.0)

(20.9)

(22.0)

(22.3)

(23.1)

1-1-1 Equal parts as fed of 3/8-inch a l f a l f a pel lets* grain m i x * and corn
s i l a g e ® Approximately 50% grain.

1-2-3 1 part of 3/8-inch a l f a l f a pellets, 2 parts of grain rn ix f and 3 parts
of corn si lage, as fed. Approximately 62% g r a i n *

The most striking observation was the consistently higher dry matter intake and milk
production when the 1-2-3 feed ratio was fed, regardless of grain source (Table 2 ) , This
is an indication that the indigestible ''roughage) portion of the diet was limiting total feed
intake in the 1-1-1™ ration. By increasing the energy concentration and digestibility of
the diet, more feed was consumed and digested, with resultant increased milk production.
With exception of the acid-treated HMC, increased feed intake and milk production were
accompanied by decreased fat percentage. However, the 4% FCM data show that total fat
production was sustained or increased by the 1-2-3 ration. The 1-2-3 ration did not
further reduce fat percentage beyond the level observed with the 1-1-1 ration when acid-
treated HMC was fed. Apparently the fat had already been reduced by the 1-1-1 diet,

Thus, acid-treated HMC again has been observed to lower fat percentage when fed at
a relatively high level (50-62%) of the total ration. Studies are being continued to develop
feeding systems to prevent this fat reduction problem.

Acid treatment as a method of preserving HMC shows much promise as a means of
coping with harvest and fuel-shortage problems. It deserves continued research effort
to maximize its potential benefits in handling and feeding systems*

-n-



UREA AND AMMONIA-TREATED

H R. Conrad and J . W * Hibbs
Department of Dairy Science

During the past 10 years there has been widespread application of urea to corn silage
at the time of ensiling. Normally the urea is distributed over the top of loads of freshly
chopped corn. Recently another products aqueous ammonia, has been added as the nitro-
gen source rather than urea. The results with are encouraging. In either case,
this has been found to be one of the safest to incorporate non-protein nitrogen into
the feeds of dairy cows .

The recommended level for adding urea varies between 0 5° 0 ,75% (0.5% for 32S
dry matter silage and 0.75% for 40% dry matter) of the green material. Thus, the amount
of urea commonly added to corn silage (32° dry matter) is 10 Ib. ton The amount of
urea added per ton of chopped corn silag;e may be increased for either wetter or drier
corn. Suggested amounts are presented in Table 1. The authors have even greater
amounts of urea.

In OARDC experiments, corn silage (32% dry matter) with 20 Ib. of urea added per
ton was fed without adverse physiological effect to 30 cows» It was found that 20 Ib, of
urea per ton of 32% dry matter corn silage was sufficient supplemental nitrogen to main-
tain milk production at an average of 48 Ib. (3.5°0 milk fat) during the third to sixth
month of lactation. The highest milk yield was 75 Ib. per day. It was found that the cows
were producing at an average level of 1 to 4 Ib . below their expected level of production
(Table 2) .

In this experimental ration composed entirely of corn silage and cereal grain plus
urea and phosphate supplements , highly satisfactory but not maximum yields were ob-
tained. In digestibility trials , dry matter digestibility of the total ration was only 68.3%,
In the high-producing cows , this level of digestibility was too low to support milk produc-
tion equal to the initial yield at the time the cows were started on the experiment because
of the effects of digestibility on feed intake .

TABLE 1. ̂Amount of Urea to Add
to Freshly Chopped Corn at Different
Moisture Content,

Dry Matter
in Corn SHage Amount of Urea

(Percent)

27
32
40

(Lb. per Ton)

8
10
15
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TABLE 2 .—Dai ly M i l k Production When Urea Has Fed Via
Grain Concentrate or Corn Silage. (Average of Six Holstein
and Six Jersey Cows.)

Milk (4% FCM), (Ib./day)

Digestible Dry Matter
Intake, (Ib./day)

Urea in
Grain

44.6

24.8

Urea in

42.8

24.9

Thirty Ib. of urea added per ton of corn silage resulted in too much urea nitrogen to
maintain feed intake and milk yield. The data in Table 3 show depressed feed intake at
the 30 Ib. per ton level. On the basis of these results, it appears that 20 Ib. of urea per
ton may be added to corn silage for dairy cows if this is fed in a ration in which 50% of
the total dry matter intake is cereal grain to provide the needed energy for efficient urea
utilization.

Although adding urea to corn silage is sometimes a more economical and convenient
method of feeding urea than mixing it in the grain, some losses can be expected. In
three batches of urea-treated corn silage fed in 1966, Research Center dairy scientists
found that loss of nitrogen ranged between 0 and 18% of the total nitrogen. The average
loss was 11%. This compares to an average of 10% loss in several studies conducted at
other research institutions. There were no losses at 32% dry matter, whereas the maxi-
mum (18% loss) was observed in silage containing 45% dry matter.

Cost of this loss may be considered acceptable by most farm operators when the
labor saving, convenience, and safe mixing of urea afforded by this method are con-
sidered .

The limits of tolerance for non-protein nitrogen (ammonia, urea, and amides) may be
reached if urea-treated corn silage is the only roughage fed free choice and the amount

TABLE 3.—Typical Results When a 1,400 Lb. Holstein Was Fed
Corn Silage Containing 0, 10, 20, and 30 Lb. of Urea per Ton of
Freshly Chopped Material.

Urea
In Grain

(Percent)
3

1%

0

0

Additions
In Corn Silage

(Lb./Ton)
0

10

20

30

Digestible
Dry Matter

Intake

(Lb./Day)
33.9

32.9

34.6

29.3

Milk
Production

(Lb./Day)
66.9

67.7

65.2

56.5
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TABLE 4.--Pounds of Non-protein Nitrogen Consumed Daily at Various Levels of
Corn Silage Intake and When Either 10 or 20 Lb. of Urea Were Added per Ton.

Dry Matter
in Silage

(Percent)
28

32

40

48

Urea
Added

(Lb.)
10
20

10
20

10
20

10
20

Amount of Silage Eaten Daily (Lb.)
25

0.10
0.15

0.11
0.16

0.13
0.18

0.14
0.19

50

Lb. of Urea
0.22
0.33

0.23
0.34

0.26
0.37

0.29
0.40*

75

Consumed
0.32
0.48*

0.34
0.50*

0.39
0.55*

0.43*
0.59*

100

0.42*
0.63*

0.45*
0.66*

0.51*
0.72*

0.55*
0.76*

*Level at which feed intake may be reduced in a l,000-1b. cow«

eaten is relatively large. These limits were estimated from studies on feed intake, milk
production, and nitrogen balance trials during a period in which increasing levels of urea
had been fed* It was found that 0.4 to 0.5 Ib. of non-protein nitrogen in the feed per
1,000 Ib. of body weight resulted in decreased feed intake and lowered milk production.
Table 4 may be used as a guide to calculate the non-protein nitrogen consumed in corn
silage when either 10 or 20 Ib* of urea are added per ton*

Ammon i a T reatment

About 5 years ago» a group of researchers at Michigan State University initiated ex-
periments to test the addition of ammonia solution to corn silage. The motivation for
these experiments was the relative low cost of ammonia nitrogen. Their initial studies
showed that aqueous ammonia added to corn silage was used as efficiently as urea by
growing heifers and lactating dairy cows.

More recently a commercial silage additive containing ammonia, minerals, and mo-
lasses was developed (ProSil manufactured by Ruminant Nitrogen Products Co. , Adrian,
Mich.). Trials with lactating cows which compared silages treated with urea or ammonia
solution have resulted in comparable or slightly higher milk yields during a 90-day per-
iod . Some of the experimental results from Michigan are shown in Table 5.
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TABLE 5.--Mi Ik Yields and Feed Intake of Hoi stein Cows Fed Urea
or Ammonia-Treated Corn Silage.*

Preservative

Control
Urea
Ammonia (ProSil)
Ammonia (ProSil)
Aqueous Ammonia

Dry
Matter

(Percent)
32
31
31
42
42

Dry
Matter
Intake
- - (Ib.
41.3
38.0
39.0
38.7
40.0

Milk
Production

per day) - -
59.4
59.7
59.9
59.4
59.0

Projected Milk
Yields for Lactation
(Ib. per 305 days)

15,108
15,433
15,996
15,658
15,215

Adapted from: Huber,
to Silage for Dairy Cattle.

J. T. 1973. Non-protein Nitrogen Additions
Proc,9 Distillers Feed Conference, 28: 53-60,



ALFALFA AS AN EXTENDER OF UREA IN DEHY-100

H. R. Conrad and J. W 8 Hibbs
Department of Dairy Science

Cows will eat a concentrate mixture containing 1°0 urea without much hesitancc.
Similarly, most concentrate mixtures fed to dairy cows will cover up the urea taste suf-
ficiently so that 2% urea may be used. It was found in preliminary research that by pel-
leting the urea with alfalfa meal or other sources of fiber, the depression in feed intake
commonly occurring in cows fed high-urea rations could be overcome sufficiently to allow
maximum milk yields.

The pelleted combination of alfalfa meal and urea (named Dehy~10Q because it con-
tains approximately 100% crude protein equivalent) has provided a highly effective
means of extending the quantity of urea which may be included in the rations of high-
producing cows to 40% of the total dietary nitrogen. Alfalfa was chosen as the fiber
diluent because in previous studies diets containing alfalfa yielded the greatest synthesis
of amino acids in the rumen.

The authors have routinely pelleted the Dehy-100 mixture, which contains approxi-
mately 66% dehydrated alfalfa meal, 32% urea, and 2% dicalcium phosphate. While pel-
leting Dehy-lQG requires careful pacing of the process by the mill operator, there have
not been any problems of significance in the pelleting operation. A firm pellet suitable
for moving in mechanical conveyors is produced. The rate of production is about one-
half normal capacity. Description of the mill used and the specifications followed in the
pelleting process are presented in Table 1.

High fiber feeds usually generate more heat in passing through a pellet mill. There-
fore, including the dehydrated alfalfa as the principal carrier for pelleting urea results
in a higher level of heat production in the pellet mill. Since the production rate is simul-
taneously reduced, feeds remain in the mill longer and undoubtedly absorb more heat.
For these reasons, less heat is required in the steam mixing chamber where the tempera-
ture range is usually kept between 120°-125° F. This is a somewhat lower temperature
for the steam mixing chamber than sometimes recommended for high urea feeds in other
carriers.

TABLE 1.--Pellet Mill Description and Specifications Followed
in Pelleting Dehy-100.

Specification or
Item Description

Type of mill California Pellet Mill
Power rating 40 h.p.
Rated capacity 3.0 tons per hour
Dehy-100 capacity 1.5 tons per hour
Temperature in steam mixing chamber 120 -125 F.
Time in cooling chamber 15 to 20 minutes
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TABLE 2.—Milk Yields, Protein, and Fat from Cows Fed Dehy-100
as a Replacement for Soybean Meal. (Eleven Cows, Actual 305-Day,
2x-Day Milking.)

Source of
Nitrogen

Soybean Meal

Milk

(Lb.)
17,974

Protein

(Lb.)
548

Fat

(Percent)
3.37

Fat

(Lb.)
606

4% FCM

(Lb.)
16,297

Dehy-100 17,390 530 3.59 621 16,283

All pellets are cooled in a one-half ton cooling chamber for approximately 20 minutes
and placed in paper bags for storage. The feed urea compound loses its protective coat-
ing (usually a kaolin compound) during pelleting and therefore becomes hydroscopic and
takes up water under moist conditions. However, the Dehy-100 keeps well in the sewed
paper bags without the absorption of significant amounts of moisture in periods of high
humidity. Open bin storage results in swelling of the pellet during periods of high
humidity or when added to moist corn meal or other dairy feed ingredients containing 13%
to 20% moisture.

Two phosphorus supplements, monosodium phosphate and dicalcium phosphate, have
been used successfully in feeding trial experiments. They are included at the 2% level
in the Dehy-100 mixture. On the basis of milk yields and acceptability of dairy feeds
containing Dehy-100 as the nitrogen supplement, the phosphorus supplements were ap-
parently of equal merit.

Both crystalline and prilled urea have been used in Dehy-100, The authors have not
observed any notable differences in acceptability to dairy cows. With either form of urea,
disintegration time of the Dehy-100 pellet in the rumen of fistulated cows was apparently
equal, ranging between 20 and 30 minutes. There were some observable differences from
visual inspection. Urea crystals were easily seen with the unaided eye in Dehy-100 pel-
lets fabricated from prilled urea, but largely obscured when crystalline urea was used.
An insignificant amount of urea fines was seen in the Dehy-100 pellets. The source of
dehydrated alfalfa meal used in Dehy-100 has ranged between 17.5 and 18.7% protein.

This nitrogen supplement (Dehy-100) contains 16% total nitrogen. When added to
corn meal and ground oats at the 10% level, it results in a concentrate ration containing
18 to 19% protein equivalent and 3% urea. The concentrate fed in the control periods
contained soybean meal on an isonitrogenous basis. The concentrates were fed at the
level of 32 Ib. per day.

The results presented in Table 2 were obtained with 11 Holstein cows in a switchover
experiment. The experimental periods were for full lactation periods or 305 days. All
of the cows fed Dehy-100 as the only supplemental nitrogen produced exceedingly well.

The results show that a nitrogen supplement composed of two parts of alfalfa meal
and one part urea improved the edibility of urea-containing concentrates while sustain-

-17-



ing maximum feed intake. Milk yields of cows fed Dchy-100 were equal to those receiving
soybean meal as the protein supplement. It is pointed out that 35 to 45'!, of the total ni-
trogen eaten by these cows was urea nitrogen. The cows consumed a maximum of 1 lb.
of urea and 2 lb. of dehydrated alfalfa daily in the form of Dehy~100. The maintenance
of high production in cows fed Dehy-100 demonstrates the usefulness of this product as
a substitute for more costly forms of protein supplement.



ALFALFA'S VALUE IN THE DAIRY RATION

J. W. Hibbs and H. R. Conrad
Department of Dairy Science

The value of alfalfa in the dairy ration, is dependent on: 1) its digestible nutrient
content, 2) how completely these nutrients can be utilized from the total ration, and 3)
the relative value of other feeds which can be used to supply these nutrients. Recent in-
creases in cost of other feeds make high quality alfalfa worth relatively more to dairymen
than in past years.

The nutrient content of alfalfa is well known (8) * It is especially high in protein and
calcium and is a good source of both macro and micro mineral elements needed by the ru-
men organisms for normal rumen function (1, 5, 7) . The major factor affecting the feed-
ing value of alfalfa as well as other legumes and grasses is the reduction in digestibility
and rate of digestion reflected in lowered voluntary intake with advancing maturity (2) .

As shown in Table 1, the alfalfa-brome forage dry matter declined in digestibility an
average of 0 .26% per day or 1.8% per week between the pre-bud stage on May 17 when it
was 66.3% digestible and the mature stage on June 23 when it was only 55.3% digestible.
During" this same 6-week period, 4% FC milk production dropped from 42.5 Ib. per day to
19.5 Ib. per day in cows fed this forage free choice green chopped from the same field
with about 3 Ib . of concentrate per day. The drop in milk production was a reflection of
the reduced digestible forage intake, which declined from 23,0 to 14.7 Ib. per day per
1000 Ib. of body weight during this 6-week period* During this period, fecal dry
matter remained fairly constant despite the changes in digestibility and intake.

Based on the calculations of Conrad and coworkers (3) using Ohio digestion trial
data, it was found that rate of digestion is the factor primarily concerned in determining
how much a cow can eat in a 24-hour period when ration dry matter digestibility is below
about 65% and indigestible residue (fecal dry matter) is limiting intake. Above about 67%
digestibility, factors other than indigestible residue govern intake, It was found that cows
fed average high roughage dairy rations excreted 10.7 Ib * of indigestible dry matter per
1000 Ib. of body weight per day in the feces. Thus dry matter intake when digestibility

TAIU 1 . — L f f e c t o4

and M i l k Pr eduction
Sta je o* f l f t t j r i t j o f Gi cen Cnuo^eJ A1 ul fd-iJrodie Forage on Digestibi l i ty, Forage Intake,

Stage of
Mdturi ty

( A l f a l f a )

Pre-bud
D id
Early bloon
f ' id -Dloom
Full bloom
Late bloom
Mature

Harvest
Date

(Uooster)

Pay 17
May 24
Hay 31
June 7
J J i e 14
June 21
June 2P

Dty Matte*
Diqest ib i l i ty

r e^cent

bo c

55 J
C3.1
61 3
59,4
57. 5
55 8

D.M
i n t a t e

! b Day

1000 Lb. ;W

34.0
33.2
32.0
30.6
29,2
27.0
26.3

Digestible
D.M. Intake

Lb./Day

1000 Lb !I

23.0
21.6
20.2
18.C
17.4
16.0
14.7

Fecal
D.M.

Lb./Day

1000 Lb. BW

11.1
1 1 . 6
11.8
11.8
11.8
11.8
11.6

MiH
Production

Lb./Day

42.5
39.5
34.0
31.4
26.5
23.4
19.5

*Fed free choice with 3-j Ib. ^rain concentrate per day to Jersey and Hoi stein cows.
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is below about 67% can be predicted by using the following equation (3) if body weight
and ration digestibility are known.

Total Dry Matter Intake = Lb. Body Weight x 10.7 Lb. Fecal Dry Matter
1000 Lb, 1 - Percent Digested

A 1400~lb. cow fed a 65° digestible high roughage dairy ration would therefore be
able to consume 42.8 Ib * of ration dry matter in a 24-hour period. For any given high
roughage ration, the average factor of 10.7 Ib. per day per 1000 Ib. of body weight for
fecal dry matter will vary somewhat depending on the rate of digestion.

Thus, in high-producing cows fed high roughage rations, rate of digestion of the
forage as it relates to the ability of cows to consume feed is a major limiting factor on
milk production. Perhaps the best measure of forage quality is digestible dry matter in-
take or digestible energy intake per day per kg. of body weight^' , which combines both
digestibility and rate of digestion and takes into account the size of the animal. It should
also be pointed out here that the grasses, even when percentage digestibility may be sim-
ilar to alfalfa, have a slower rate of digestion resulting in lower voluntary intake (6) .
When finely ground forages are fed, rate of passage is increased independent of rate ot
digestion, resulting in higher intake than when the same forage is fed unground.

When high quality alfalfa is the only source of roughage, both the protein and calcium
contents of the ration are apt to exceed the needs even of high-producing cows. There-
fore , alfalfa finds its most efficient use when fed in combination with other feeds which
are deficient in these nutrients. It is for this reason that feeding high quality alfalfa to
supply the protein and calcium, along with corn silage and concentrates to supply the
needed energy and phosphorus, has proven to be such a successful feed combination for
high-producing cows.

Feeding corn silage or grass forage with high quality alfalfa is also a way to avoid
the non-infectious diarrhea which often occurs when high quality alfalfa is fed as the
only forage. This type of diarrhea appears when the alfalfa ash content is high and
apparently is due to the osmotic action of the high mineral level in the lower gut. When
this occurs, no evidence of irritation is seen in the large intestine and colon on post-
mortem examination. The problem is easily overcome by feeding some grass hay or corn
silage , either of which are lower in mineral content.

Table 2 shows the digestible protein and net energy content of various feeds and for-
ages arid illustrates the effect of stage of maturity of the forages on these important nu-
trients . As the alfalfa-bromo forage matured, the protein content declined rapidly from
21.9% on May 17 to 10.01 on June 21. This resulted in a drop from 338 Ib. of digestible
protein per ton to 116 Ib. per ton. Net energy during this same 6-week period declined
from 1240 megacalories per ton to 760 megacalories per ton, and non-protein net energy
declined from 742 meal per ton to 586 meal per ton. These data emphasize the fact that
high quality forage makes a major contribution to the energy needs of livestock in addi-
tion to its high protein content.

The dollar value of forages must be considered in terms of the relative cost of other
feeds which can be used to supply protein and energy in dairy rations. The following is



.2L>..'Protein and Net Ener9-y Contents of Various Forages and Other Feeds

Alfalfa

Alfalfa-Brome

Corn Silage

Stage of
Maturi ty

Harvest
Date

(Uooster)

Total
Protein

(Percent)

Digestible
Protein

(Percent)

Digestible Net
Protein Energy
Lb /Ton Meal/Ton

Pre-bud
Early bloom
Full bloom

Pre~bud
Bud
Early bloom
Mid-bloom
Full bloorn
Late bloom

May 18
June 3
June 15

May 17
May 24
May 31
June 1
June 14
June 21

25.3
21,9
18.0

21.9
18.9
15.9
14.0
12.0
10.0

20.0
16.9
13.2

16.9
14.1
11.3
9.5
7.7
5.8

400
338
264

338
282
226
190
154
116

1240
980
900

1240
1120
1040
960
900
760

Non-protein
riE

Meal/Ton*

650
482
470

742
704
706
680
673
586

Corn Silage (Dough)

Milk
Dough
Late dent

+ Urea (10 Lb./Ton)

Dehy-100 (2/3 Alfalfa Heal-1/3 Urea)

Com and Cob Heal
Corn (Shelled)
Soybean Meal (44%)

9.
8.
7.

12.

100.

8.
9.

44.

0
2
7

6

0

0
0
0

4
4
3

8

89

3
4

37

.9

.1

.7

.2

.5

.9

.9

.4

98
82
74

164

1790

78
98

748

1360
1300
1240

1300

600

1440
1620
1592

1216
1138
1130

1138

361

1324
1475
488

*Digestible protein contains 1.4755 Heal (Thems) of ME per pound.

TABLE 3.—Value of the Digestible Protein and Non-'Yotein Net Energy in Foraaes and Other feeds When Corn
Costs $50 per Ton and Soybean ?4ea1 Costs $120 or $200 per Ton.

Stage of
Maturity

Alfalfa Pre-Lloom
Early bloom
Full bloom

Harvest
Date

(Uooster)

Hay 18
June 3
June 15

Value of
Digestible Protein

per Ton

$57.82
48. CS
38.16

Value of
Non-Protein

NE/Ton

$15.78
11.71
11.41

Total Value/Ton
If Corn Costs
$50/Ton aid SBM
Costs $120/Ton

$73.60
60.57
49.57

Total Value/Ton
If Corn Costs
$50/Ton and SBM
Costs $200/Ton

$113.51
94.78
75.61

Alfalfa-Brome

Corn Silage

Pre-bud
Bud
Early bloom
Mid-bloom
Full bloom
Late bloom

Milk
Dough
Late dent

May 17
May 24
May 31
June 7
June 14
June 21

Corn Silage (Dough) + Urea (10 Lb./Ton)

Dehy-100 (2/3 Alfalfa Meal-1/3 Urea)

Corn and Cob Meal
Corn (Shelled)
Soybean Meal (44%)

48.86
40.77
32.67
27.46
22.26
16.77

14.17
11.85
10.70

23.71

258.76

11.28
14.17

108.13

18.02
17.10
17.15
16.52
16.34
14.23

29.53
27.64
27.45

27.64

8.76

32.16
35.82
11.85

*When corn costs $50 per ton and SBM costs $120 per ton.

66.88
57.87
49.82
43.98
38.60
31.00

43.70
39.49
38.15

51.35

267.52

43.44
49.99

119.98

99.17
84.17
69.85
60.18
50.83
39.63

45.63
40.22
38.03

61.24

464.96

42.34
50.00

199.98



a description of the basis and methods for calculating the values shown in Table 3. These
values were calculated by using Petersenfs formulas (9) for evaluating feeds. The formu-
las were modified to use estimated net energy rather than cottonseed meal. The calcula-
tion of digestible protein in these tables has been based on Reid!s (10) formula: percent
digestible protein = (percent total protein x 0.93) — 3.5.

One hundred Ib. of 44% protein soybean meal contain 37 ,4 Ib. of digestible protein
and 79 .0 therms of net energy. About 30% of the absorbed protein is converted to pro-
ductive energy (milk protein) in the cow. Of the remaining 70%, 38.6% may be diverted
to net energy other than milk protein.

Absorbed protein has a caloric value of 5 .7 kilocalories per gram (1 kcal = 1,000
calories). One gram of digestible protein has a net energy value of 3.25 kcal per gm.
(30% x 5.7 kcal) + (70% x 5.7 kcal x 38 .6%) . Therefore, 37.4 Ib. of digestible protein x
1.4755 therms per Ib. (3.25 kcal per grn . x 454 = 1475.5 kcal per Ib. = 1.4755 therms
per Ib.) = 55.18 therms of net energy from the protein of 100 Ib. of soybean meal. Thus,
100 Ib, of soybean meal contain 24.42 therms of non-protein net energy (79.6 - 55.18 =
2 4 . 4 2 ) . This amount of non-protein net energy is contained in 33.112 Ib. of shelled corn,
which also contain 1.623 Ib. of digestible protein. Subtracting 1.623 Ib. of digestible
protein from the 37.4 Ib, contained in 100 Ib. of soybean meal, a value of 35.78 Ib. of
digestible protein ascribable to the difference in cost between 100 Ib. of soybean meal and
33.112 Ib. of shelled corn is obtained.

Digestible protein and net energy values were calculated by using Ohio digestion
trial data (4) in the case of alfalfa, alfalfa-brome forage, and corn silage or taken from
Morrison's tables for other feeds. Net energy was calculated as follows: pounds of
digested dry matter x 1816 x .83 x .70 (1816 is the average caloric (kcal) value of 1 Ib.
of digested dry matter, .83 is the proportion of metabolizable energy, and .70 is the pro-
portion of metabolizable energy converted to net energy). These coefficients are taken
from Energy Metabolism in Ruminants by K. L. Blaxter.

Mathematically stated, the formula for calculating the value of 1 Ib. of digestible pro-
tein when soybean meal costs $120 per ton and corn costs $50 per ton is shown below,
The value of 1 Ib. of digestible protein was calculated by dividing the value of 100 Ib. of
soybean meal minus the value of the pounds of corn containing the amount of non-protein
net energy in 100 Ib. of soybean meal by the pounds of digestible protein ascribable to
the difference in cost between 100 Ib. of soybean meal and the amount of corn containing
the amount of non-protein net energy in 100 Ib. of soybean meal.

(100 Ib. x $0.0600) — (33 .112 Ib. x $0.0250) = $.14456 per Ib. dig. protein.
35.78 Ib.

Thus, when corn costs $50 per ton and soybean meal costs $120 per ton, 1 Ib. of
digestible protein is worth 14.5$. When corn is $50 per ton and soybean meal is $200
per ton, 1 Ib. of digestible protein is 25.6$.

The value of one megacalorie (therm) of non-protein net energy was calculated as
shown mathematically in the next formula by dividing the value of the pounds of corn
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containing the amount of non-protein net energy in 100 Ib. of soybean meal minus the
value of the digestible protein in this amount of corn (using the value of a pound of
digestible protein as calculated in the preceding formula) by the megacalories of non-
protein net energy in 100 Ib. of soybean meal,

(33.112 Ib. x $0.0250) - (1.623 Ib. x $0.14456) = $0.02429 per meal of
24.42 megacalories non-protein net energy.

Thus when corn costs $50 per ton and soybean meal costs $120 per ton, a megacalorie
(therm) of non-protein NE is worth about 2.5*. When corn is $50 per ton and soybean
meal is $200 per ton, a rncal of non-protein NE is worth 1.7*. These formulas may be ad-
justed to fit any price combination by inserting the desired dollar values. In using these
dollar values, it is assumed that the feeds are consumed in a balanced ration.

Table 3 shows the changes in dollar value of the digestible protein and non-protein
net energy in the forages as they matured, and in other feeds when corn is worth $50 per
ton and soybean meal is worth either $120 per ton or $200 per ton.

The declines in protein and energy with advancing maturity are reflected in the dol-
lar values. For instance, on May 17 the digestible protein in a ton of alfalfa-brome forage
was worth $4S»8G and the non-protein net energy was worth $18.02* By June 21, 6 weeks
later, the digestible protein value had declined to $16*77 and the non-protein net energy
to $14.23, The decline in total value of the digestible protein and the non-protein net
energy during this period was from $66.88 to $31.00 per ton.

When corn costs $50 per ton and soybean meal costs $200 per ton* the value of the di-
gestible protein and non-protein net energy of the alfalfa-brome forage would be $99.17
per ton on May 17, declining to $39.63 on June 21. At these prices for corn and soybean
meal, the value of the protein in corn actually exceeds its non-protein net energy value.
When (as it did on May 31, 1973) the soybean meal price climbed to $370 per ton and corn
was $50 per ton, the value of the alfalfa-brome cut on May 17 was calculated to be $167.73
for its digestible protein and non-protein net energy. The alfalfa pre-bloom cut on May 18
(Table 3) was worth $198.26 and the value of Dehy-100 (a pelleted mixture of two-thirds
alfalfa and one-third urea) was equal to $884.74 per ton.

When the declines in digestibility and nutrient content of forages with advancing
maturity are considered along with the effects of these changes on milk production and
dollar value in relation to other feeds, the importance of early harvesting can not be over-
emphasized. Early harvesting is especially important when the forage is to be fed to
high-producing cows or if the expense of additional processing, such as dehydration,
pelleting, wafering, etc. , is to be justified.
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BIG-PACKAGE FORAGE

R. W. Van Keuren, W. £ . CHI, and H. R. Conrad
Departments of Agronomy, Agricukui al Engineering, and Dairy Science

New equipment for packaging handling forages has appeared recently on the
market. These machines provide an increase in capacity with a decrease in labor. Al-
though designed originally for beef operations, dairymen have shown an interest in these
new systems of forage handling. A few dairymen have purchased these machines and are
now using them in their feed programs.

The equipment makes several kinds and sizes of packages. These include machines
which make portable stacks of various sizes (Hesston Stakliand, Farm and Stack System,
McKee Stak1 n fMover, Lundell Stak-Maker, and Moeller Stack Wagon), and large tied
round bales (Vermeer Hay Baler), and untied bales (Hawk Bilt Roll Baler).

Several of these machines are being used currently in studies on hay handling and
feeding studies with dairy cattle, beef cows, and sheep at the Ohio Agricultural Research
and Development Center. This report considers how this equipment might fit a dairy
feed program based on information obtained to date.

_BjgHPackage Jdea

The idea of large packages of forages is not new- In 1963-64, Conrad and Hibbs of
the OARDC Dairy Science Department, in cooperation with Eric Mengering, then with
Landmark, used a paper baler to make up large, high-density bales of dehydrated alfalfa
and corncob meal to make a complete dairy ration. These bales weighed 800 to 1,200 Ib.
and required a fork lift to handle. Excellent milk production was obtained in feeding
trials with big bales.

The current equipment is designed to handle Jong hay or flail-chopped material, put-
ting it in a package which requires a stack mover or a tractor-mounted bale lift for hand-
ling . These packages are also designed to be stored outside, eliminating the need for
under-cover storage.

Stacks

A Hesston StakHand 30 was first used at OARDC in the fall of 1971. Several large
fields of corn stalks, following corn picking, were harvested and a satisfactory job was
done of picking up the material directly, without cutting and windrowing. Some pro-
ducers use flail-chopper windrowers to put the stalks in windrows for faster and cleaner
pick-up. Samples of the material in the stacks were taken immediately after harvest and
the composition is shown in Table 1, The material harvested was low-quality roughage
and would require supplementation for either dairy heifers, dry dairy cows, or beef
cows.

An electric fence was put around the stacks and dairy heifers were allowed access
to one stack at a time. Poor utilization was obtained. The heifers wasted much of the
material and bedded down on top of the stacks. The material had heated and mold had
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TABLE 1.--Percent Dry Matter, Percent Crude Protein, and Digestibility
(DMD)t of Corn Stalks, Wooster, 1971.

Field

L

N

Date Stalks
Harvested

11-5-71

11-5-71

11-15-71

11-15-71

Av.

Percent Dry
Matter

55.2

44.0

63.7

58.3

53.0

Percent
Protein

5.2

5.7

6.1

6.7

5.9

DMD

58.5

57.7

49.2

53.2

54.6

Protein determined by Kjeldahl method.
tDry matter digestibility (dry matter disappearance, Tilley-Terry jn^

vitro method.

formed, reducing intake. For best utilization, it became obvious that a rack should be
placed around the stacks to keep the cattle off. However, several producers have re-
ported satisfactory use of unfenced corn stalk stacks with beef cows.

Hay in Stacks

Both alfalfa and orehardgrass were made into stacks in 1972 at the OARDC Dairy Re-
search Unit for feeding studies with dairy cattle. The feeding data are not yet available.
In general, both alfalfa and orchardgrass kept satisfactorily in the stacks. One problem
which has occurred with stacks is uneven settling, so that rain collects in pockets and
causes some wet spots in the stacks.

FIG. 1.—Corn stalk stack made with Hesston Stak-
Hand 30.
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TABLE 2.
in Stacks.

Harvest
Date

9-10-71

9-7-72

--Percent Dry Matter and Protein of Orchardgrass Aftermath Stored

Sampl i ng
Date

9-10-71
12-13-71

9-7-72
11-20-72
1-5-73
3-14-73

Percent Dry
•v Matter

84.6
81.8

86.5
75.8
82.8
84.7

Percent
Protein

8.0
8.4

11.2
11.0
13.8
12.6

*Protein determined by Kjeldahl method.

Stacks made with Hesston StakHand 30.

Studies of StakHand 30 stacks of orchardgrass and tall fescue utilized by sheep and
beef cows showed that the stacks retained their quality well and proved satisfactory for
wintering. As with the dairy cattle, it was found that for best utilization it is necessary
to either put a rack around the stack or feed in a bunk. Equipment is available for mov-
ing the stacks and for feeding mechanically.

Orchardgrass aftermath hay was harvested with a Hesston StakHand 30 at Wooster in
1971 and 1972. Samples were taken at harvest and during the winter (Table 2) . Some
fluctuations occurred in percent dry matter and protein. The fluctuations largely reflect
differences in sampling, rather than an increase in percent protein during the winter.

-
Round Bales

Many dairymen are familiar with the small 45-50 Ib. round bales made with the Allis-
Chalmers Rotobaler. Large 200-3,000 Ib. versions of these can be made with the Vermeer
Hay Baler. A number of bales of tall fescue were made with the Vermeer 605 Hay Baler at
the Eastern Ohio Resource Development Center (EORDC) near Caldwell in June 1972.

FIG. 2.—Stacks made with StakHand
30 placed near pole barn for feeding.

FIG. 3.—Stacks should be fed in a
rack to reduce waste.
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TABLE 3.—Size and Kind of Package, Capacity, and Costs for Several Kinds of Hay-making Equipment Used in Studies at OARDC.

CD

Manufacturer-
Rated

Equipment Package Size

AC-Rotobaler

Econ Fodder
Rol 1 er

Hawk Bilt
Roll Baler

Vermeer 605
Hay Baler

Hesston
StakHand 30

Hesston
StakHand 10

-

up to
400-500 Ib.

up to
1,500 Ib.

up to
1,500 Ib.

up to
3 tons

up to
1% tons

Size* and Kind Capacity"** Estimated
of Package Packages/Hr. Tons/Hr. Investment

41-63 Ib,
tied round bale 100

200 Ib.
untied bale 40

600 Ib.
untied bale 28

1,000 Ib,
tied round bale 12

1.5-2.2 ton
stack 4

.75 ton
stack 5

2.5 $3,000

4.0 $3,000

8.4 $4,000

7.8 $4,000

6-8.0 $8,200

4.0 $5,000

Operating
Annual Costs

Fixed Cost* per Ton

$ 600 $1.80

$ 600 $1.12

$ 800 $0.54

$ 800

$1,640 $0,56-$0.75

$1,000 $1.12

Fixed and Operating
Costsjer Ton

100 Tons

$7.

$7.

$8.

$8.

$16.96-$17.

$11.

Annually

80

12

54

58

15tt

12

Based on 1972 operating data, OARDC.

Based on 1972 operating data, OARDC and based on about 2-ton per acre hay; used 50 Ib. av. bale size for AC-Rotobaler,

*Using 20% annually of original cost to cover depreciation, interest, repairs, taxes, insurance, and housing.
**
Operating costs were charged at $4.50 per hour for tractor and labor; twine at $0.15 per Vermeer bale.

ftAt 200 tons, $8.76-$8.95 per ton.



FIG. 4.—Alfalfa baled with a Ver-
meer Round Baler and stored outside.

FIG. 5.—Rack for feeding Vermeer
round bales in drylot. One side is
hinged for easy access.

These bales were left in the field where dropped by the baler and retained their hay
quality satisfactorily during the winter of 1972-73.

Some dairymen are using the Vermeer Hay Baler for putting up hay, including alfalfa.
Although the bales can be kept outside with a minimum of deterioration from exterior
weathering or from contact with soil, some prefer to put their high quality alfalfa under
cover. The bales, which averaged 1,300 Ib. at EORDC , can be stacked two high, using
a special fork mounted on the front end loader of a tractor.

The Hawk Bilt Roll Baler has been used in studies at the EORDC during 1972-73.
Bales of tall fescue hay made in June 1972 and left in the field retained their quality sat-
isfactorily into the winter. Beef cows utilized the bales satisfactorily for winter feeding.

The Econ Fodder Roller (Table 3) is a machine imported from Australia several
years ago before the present "big-package" equipment was available in the United States.
It is similar in principle to the Hawk Bilt Roll Baler, making a somewhat smaller, untied,
loose round bale. It has also proved satisfactory for field storage of hay for winter feed-
ing of beef cows and sheep.

Comparison of Equipment

Table 3 gives comparative information on several kinds of hay equipment under study
at the OARDC . All of these have been used for varying amounts of time. All will make a
hay package which retains the quality of the hay satisfactorily if adequately dried prior
to baling. Research is being conducted to determine adequacy of drying for different
sizes and different densities of the bales. Capacity in acres per hour and cost per ton
are based on data gathered at OARDC and several branches.

All of these machines are being sold in Ohio and have been purchased by Ohio pro-
ducers , except for the Econ Fodder Roller. Other equipment is commercially available
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and is reported to handle and store hay in a satisfactory manner. The information pre-
sented in this report is for educational purposes only» and no discrimination or endorse-
ment is implied.

Table 3 shows that the costs per ton on a 100-ton annual basis are similar for the
Hawk Bilt, Vermeer 605, and Hesston StakHand 10. The larger capacity Hesston Stak-
Hand 30 requires 200 tons annually to be competitive in per ton cost.

It appears that the larger packages» especially the larger stacks» should be fed so
that access to the hay is controlled, such as by using a rack or feeding in a bunk. If
the hay is to be moved, it needs to be placed near an all-weather road. Soft wet fields
during the winter of 1972-73 prevented getting on fields to move hay.

Improvements in handling square bales, such as the development of stacker wagons,
have also been made. The purpose of this report was to discuss the new large round bale
and stacking equipment which might be of interest to Ohio dairymen .
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FAT

D. L,
of Science

Dietary factors influencing milk fat synthesis have been a subject of intensive re-
search at OARDC for the past 6 years. time, new appreciation for the impor-
tance of fat in the dairy ration was developed. This has led to some unique approaches to
studying milk fat synthesis.

A feed supplement developed which allows dietary polyunsaturated fatty acids
to bypass the rumen without being saturated (biohydrogenated). These polyunsaturated
fatty acids are then transferred to milk fat, resulting in a greatly increased ratio of poly-
unsaturated to saturated fatty acids in the milk.

The normal diet of the dairy cow has an abundant supply of polyunsaturated fatty
acids. However, the rumen microorganisms, essential for digestion of cellulose, also
have active mechanisms to saturate the dietary fat. This saturated fat is then incorpo-
rated into the animal products, meat, and milk. In OARDC studies, full-fat soyflour, a
refined product produced for human food containing about 15% polyunsaturated fat,
was treated with formaldehyde. The formaldehyde caused an insoluble protein coating
to form around the fat, and this material was no longer available (it was "protected")
for digestion by the rumen microorganisms. However, the more acidic conditions of
the lower stomach of the cow dissolved the protein and released the polyunsaturated
fat for absorption from the intestine.

In the preliminary studies reported here, the effectiveness of the protection proce-
dure and the efficiency of utilization of the supplement were studied. The protected
supplement increased the polyunsaturated fatty acids in milk fat from about 4% in normal
milk to 20% in the experimental milk. Thus, the protection process was apparently effec-
tive. It was noted that some other saturated fatty acids were increased, indicating that
the protection process was not complete (part of the supplement was biohydrogenated in
the rumen).

Total fatty acid in the protected diet about three times as high as the control diet.
Digestion studies showed that tiie additional fat in the supplement was efficiently utilized
by the cows and increased the milk fat about 0 , 5 % . The protein digestibility was de-
creased, apparently because the formaldehyde was not completely removed during diges-
tion, leaving part of the protein unavailable,

What is the significance of these studies? First, this approach has opened new ways
to study fat utilization by the generally, and milk fat synthesis specifically. Valuable
contributions to basic understanding of fat metabolism in cows have already come from the
preliminary studies. Second, possible future commercial development of polyunsaturated
milk fat (and other animal products) could lead to new avenues of product marketing.
Australian studies have already shown that polyunsaturated animal products fed to nor-
mal persons can significantly lower plasma cholesterol. There are many Americans who
avoid inclusion of animal products, especially milk fat, in their diets because it is highly
saturated. Development of polyunsaturated milk fat could increase the sale of milk and
improve the nutrition of people who do not now consume adequate amounts of milk.



MAGNETS ACTIVATE FOR TOP-PRODUCING

D. E, Pritchard
Department of Dairy icitnce

Establishing graded levels of feeding concentrate! related to the amount of milk pro-
duced is an important aspect of modern dairy herd management. Dairymen who feed
their cows concentrates only in the milking parlor often find that the top producing cows
cannot consume enough nutrients in the time allowed to iupport the production of which
they are capable.

To increase the amount of concentrates consumed, some dairymen allow the higher
producing cows to remain in the parlor after they are milked, but this practice increases
the time required to milk the herd.

Other dairymen are feeding extra concentrates outside the parlor, Unless the herd
is penned according to level of production, this practice tends to overfeed low producing
cows and cause excessive fattening. In herds which are large enough to justify penning
according to level of production, many dairymen do not have adequate facilities to con-
veniently split the herd.

Other dairymen with herds grouped according to production level find that boss
cows and individual cow consumption rates present problems in group feeding. How
then can dairymen automatically and economically feed certain cows individually more
concentrates and make such a procedure feasible, practical, and profitable?

One method presently being tried by several dairymen in Ohio is to use a magneti-
cally activated feeder. Two types are available. With one type, the cow wears a collar
to which a magnet is attached. With the other type, the cow wears a chain collar which
activates the motor of the feeder. When a cow puts her head into the feeder, both types
deliver concentrates from a storage bin to the feed box at approximately the rate that the
cow can eat (about one-half pound per minute). Cows equipped to activate the feeder can
eat as much concentrate as often as they desire. The other cows cannot activate the con-
centrate feeder.

The feeders are available with the storage bin a® part of the feeding unit, or the feed-
ing unit can be purchased and a storage bin supplied by the dairyman.

The objective of the feeder seems sound—getting more nutrients (concentrates) into
those cows producing large volumes of milk. But do ctows having access to such a feeder
produce more milk during a lactation? And are extra concentrates fed in this manner a
practical and profitable practice?

To answer these questions, a 2-year study was conducted in a 100~cow registered
commercial Holstein dairy herd.
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Study Design

Alternate cows as they freshened were assigned to wear a magnet attached to their
collar. They wore the collars from freshening until they were producing less than 45 Ib.
of milk daily. Fifty cows wore magnets and 50 cows served as controls.

Complete 305-day mature equivalent (M.E.) production records or extended 305-day
M.E. production records from cows sold prior to completing a lactation, were collected.
Average daily concentrate consumption per cow from the feeder was obtained. The con-
centrate mix fed through the feeder was the same composition as that fed in the parlor.

Comments about the feeder were solicited from the owners of the experimental herd
and from other dairymen who have this type of concentrate feeder.

Findings

The 50 cows assigned to wear magnets wore them for an average of 162 ± 74 days.
This was the period of time the cows produced above 45 Ib. of milk daily, as based upon
DHI test-day production information. Control cows produced above 45 Ib. of milk for an
average of 112 ± 72 days. While these average values appear different, they were not
significantly different because of the tremendous variation.

TABLE 1.—Results of Feeding Cows Concentrates by
Magnetically Controlled Feeder (Experimental) or in the
Milking Parlor (Control),

Cows with
Magnets

Control
Cows

Age at freshening (months)

Number of days cows^produced
above 45 Ib. milk

Average pounds concentrate
consumed daily from feeder

Average pounds concentrate
consumed daily in parlor

Approximate cost of extra
concentrate per lactation

53.8 ± 22.7

1621* - 74

about 8

about 8-10

$26-$39

52,8 * 24.5

112 i 72

about 12

Based upon DHI test-day production data.
^This value is also the average number of days that

magnets were worn.
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TABLE 2.—305-Day M.E. Milk Production Data.

Cows with
Magnets

Lb.

Lb.

of milk

of butterfat

14,920 ±

554 -

2,124

95

Control
Cows

14,363 t

552 -

1,836

91

During the time cows wore magnets, they consumed approximately 8 Ib. of concen-
trates per cow per day from the magnetically activated feeder. With the feeding equip-
ment used in the milking parlor of the test herd, it was not possible to determine how
much concentrate was consumed in the parlor by those cows wearing magnets on their
collars „

Owners observed that the cows wearing magnets consumed less concentrate in the
parlor than the control cows, which were consuming about 12 Ib. of concentrate daily per
cow. This amount was estimated at 2-4 Ib. daily per cow. With this assumption, one con-
eludes that the test cows each ate about 4-6 Ib. more concentrate daily than the control
cows, or about 650 to 975 Ib. more concentrate during the 162-day test period.

If the concentrate cost 4 cents per pound, the cows wearing magnets ate $26 to $39
more concentrates during their lactations than the control cows. While the exact quantity
is unknown, it is assumed cows wearing magnets ate less roughages during their lacta-
tion. The cost of these roughages should be subtracted from the $26-$39 additional cost
of concentrate to provide a more accurate cost of feed consumed by the test cows (Table 1) .

Average 305-day M.E. production of both milk and butterfat suggest that the cows
which wore magnets out-produced the control cows. However, a statistical analysis of
the data revealed no significant difference between the two groups of cows in either
pounds of milk or butterfat produced. The variation within groups and 50 cows per
group kept the difference of 557 Ib. of milk and 2 Ib. of butterfat from being statistically
significant at a 90 percent confidence level.

The value of the extra milk at 6.5$ per pound was worth $36.50 per cow per lactation.
The dairymen in this study obtained enough additional milk to pay for the increased feed
consumption.

Discussion and Summary

The data from this study are probably affected by the fact that the owners of the test
herd have for several years sold their best animals as breeding stock. This practice has
probably lowered the production response of the herd. It must also be remembered that
all cows did not consume the same amount of concentrate from the feeder, and thus they
did not all show the same production response.

The test herd owners commented that some cows ate more concentrate from the feeder
than others, and responded with more milk production. To obtain more positive results
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and to more fully realize the potential benefits of using such a feeder, the production level
at which magnets are removed should be 55 to 60 Ib. of milk daily. Several dairymen who
are now using these higher cut-off values are obtaining quite satisfactory results.

The data suggest that cows wearing magnets will produce at higher levels for a longer
period of time. This very interesting suggestion would tend to support the basic reason
for using such a feeder—getting more nutrients into cows during that period of their lac-
tation when they are giving very large volumes of milk and require large quantities of
nutrients.

Another comment made by several dairymen who have a magnetically activated feeder
is that they like the feeder because it speeds up their milking operation—they don't have
to wait for cows to consume concentrates in the parlor. While the production response of
the test cows was not significantly different from the controls, owners of other herds us-
ing such a feeder have observed a response of more than 1,000 Ib. of milk.

It should also be considered that the use of such a feeder may prevent a production
drop caused by roughage quality. So a small or no production response when using such
a feeder may really mean more milk than the actual values show.

The decision as to whether or not to purchase a magnetically activated concentrate
feeder must be made by each individual dairyman after he reviews the factors in his
operation which could affect the results.
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THE EVALUATION OF BARRIER COATINGS IN FARM SILOS
WHICH WERE PCS-CONTAMINATED

L. B. Willett
Department of Dairy Science

From the early 1940fs through 1970, many silos throughout the Mideast and Midwest
were treated with a coating material called Cumar 1 which contained polychlorinated bi~
phenyls (PCBTs) . Residues of the PCB's from this coating will contaminate silage and in
turn the body fat and milk of animals consuming feed from a silo treated with this Cumar
coating. A detailed description of this contamination process is presented in the follow-
ing article.

During the past 2 years, 12 coating systems have been tested in the OARDC Department
of Dairy Science to determine if they will form a barrier to PCB residues. Five of these
coatings were tested with three fillings of silage in sections of a PCB-contaminated silo.
The remaining coatings were tested on PCB-contaminated concrete stave blocks which
were placed in 55-gallon drums of chopped corn. These were allowed to ensile for 4
months. Two stave block trials were conducted.

The results of these trials indicated that some coating systems were totally ineffec-
tive » while others provided an effective barrier to PCB residues.

Based on the results of the silo and block trials and commercial availability, two coat-
ing materials were selected for use on two dairy farm silos. Both silos were known to
contain sufficient PCBrs to cause the residue level in the herd milk to be above the action-
able level.

Silo 1 (Fig. 1) was built in 1957 end coated at that time with the PCB-containing
Cumar coating. All traces of the original coating were gone and the silo had never been
recoated. The concentrations of the PCB residues in scrapings from the wall and in
silage collected near the base of the silo are shown in Fig. 1.

In May 1972, the silo was thoroughly cleaned with a wire brush and two coats of
hydraulic cement2 with an acrylic bonder^ were applied. Twelve days later, the silo
was filled with chopped grass. In October, the silo was filled with chopped corn.

The silo coating called Cumar which contained Aroclor 1254 (Monsanto) should not
be confused with Neville R-1-6A resin, which has the same name.

^Thoroseal — Standard Dry Wall, Inc.» Miami, Fla.

3Acryl 60 -- Standard Dry Wall, Inc., Miami, Fla,

4The use of trade names is only to identify the products used. The use of trade
names is not an endorsement of the product used nor meant to discriminate against simi-
lar products not used.
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treatment and after recoating with hydraulic cement with an acrylic bonder.
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Samples were collected at intervals of approximately 2 weeks. Each sample was a
composite of silage collected within 2 inches of the silo wall from four locations.

Following recoating with the hydraulic cement barrier coating, the levels of PCB
residues in the silage adjacent to the wall were maintained below 0.5 p .p .m. Samples of
milk from the farm bulk tank were collected on the same days that silage samples were
collected. The PCB concentration in the milk continued to decline throughout the experi-
ment.

Silo 2 (Fig. 2) was built and treated with a material containing PCBfs in 1954. All
traces of the original coating had come off the silo walls. In 1966, the lower 8 feet and
the pit were coated with a furfuryl alcohol resin5 coating. Scrapings of the silo wall and
silage samples collected adjacent to the furfuryl coating were low in PCB concentration.
However, those collected above this recoated area were considerably higher.

In Sept. 1972, the silo was thoroughly cleaned with high-pressure water. Then it
was recoated from the base of the pit to 37 feet above ground level with two applications
of water-based epoxy .6 The silo was filled with chopped corn 19 days after coating. A
second filling occurred in Feb. 1973, when corn silage from a stack silo was used.
Samples were collected in the same manner as described for Silo 1.

The levels of PCB residues in the silage collected above the coating were very high.
However, PCB residues were significantly reduced when collected adjacent to the surfaces
coated with the water-based epoxy (Fig. 2) . The high PCB concentrations observed near
the top of the coated area probably resulted from settling of the silage and the downward
migration of silage juice.

The results of these studies indicates that barrier coatings can effectively reduce the
levels of PCB residues in silage when used under actual dairy farm conditions. Two
trials on each silo have been completed and evidence of coating failure has not been ob-
served. Mechanical unloaders are used in both silos.

Studies on these silos are continuing in order to determine how long the coating
materials will continue to be effective barriers to PCB residues. The coatings also will
be studied for signs of failure and loss of bonding to the wall.

Silenzcrete — Universal Cooperatives, Alliance, Ohio.

®OQ9 Epoxy — Action Plastic! Inc., Charlotte, Mich.
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DECONTAMINATION OF SILOS CONTAMINATED WITH POLYCHLORINATED
BIPHENYLS (PCB's)—SOME IMPORTANT CONSIDERATIONS

L. B. Willet t
Department of Dairy Science

The organic acids produced during the ensiling process attack and erode the surface
of concrete silos* Whether a silo is of poured or stave concrete construction, the walls
are porous and therefore a large surface is subject to attack (Fig. 1A).

For many years various coating materials have been used to lessen erosion of the
silo wall. Generally these coatings have taken the form of: 1) an expendable concrete
plaster, 2) a material to fill the pores in the concrete which reduced the surface subject
to acid attack, and 3) barrier coatings which prevent the contact of organic acids with
the silo wall.

One such barrier coating was Cumar, which contained polychlorinated biphenyls
(PCB) and terphenyls (PCT) in its formulation. This material was first used in the early
1940rs, with application as a protection for the grouting between concrete stave blocks
and as a silo surface coating.

When Cumar was applied to the silo wall, the solvents of the coating penetrated into
the concrete, thus carrying the PCB and PCT residues into the silo wall (Fig. IB) . After
the Cumar cured, there did not appear to be any impetus for further migration of the resi-
dues.

When the silo was filled, the organic acids produced dissolved some of the PCBfs
from the Cumar coating, thus contaminating the silage (Fig. 1C). Then this PCB residue
diffused through the silage away from the silo wall.

With time, failure of the Cumar coating occurred and flakes of this material, which
fell into the silage, caused localized areas to become highly contaminated (Fig. ID).

In areas where the Cumar had failed or had completely come off the wall, the organic
acids from the silages penetrated into the pores of the silo wall and dissolved some of
the PCB residues (Fig. IE) . These residues then diffused into the silage. Silos, last
coated with a PCB-containing coating 16 years ago, still cause significant contamination
of the silage long after all traces of the coating are gone.

During the past 2 years, research on the decontamination of PCB-containing silos has
been conducted in the Department of Dairy Science at OARDC . This research has demon-
strated that PCB residues from a silo can be effectively reduced by cleaning the surface
of the PCB-contaminated silo and recoating the surface with a material which will prevent
contact between the silage acids and the concrete walls which are PCB-contaminated
(Fig. IF). Considering time, expense, and convenience, recoating is a more practical
approach in many instances than removal of the silo.

If a silo is to be decontaminated by recoating, dirt and loose particles of old coatings
and/or deteriorating wall surface must be removed.





Sandblasting is an excellent method of cleaning a silo wall surface upon which a new
coating is to be applied. When this method is used, care should be taken to control the
dust, debris, and sand as these can spread PCB contamination to other areas of the farm.
However, the expense involved with sandblasting makes this approach impractical under
most circumstances.

Washing the surface with high-pressure water (500 p.s.i.) has been shown to be an
effective means of cleaning silo walls. When this method is used, the runoff must be con-
trolled to prevent PCB contamination of waterways. Time must be allowed for the silo
walls to dry prior to application of the coating. Therefore, some delay must be considered
when water is used. This is particularly important in the winter when frost may build in
the silo walls, preventing good bonding of the coating.

Wire brushing of the silo surface is also effective but requires a great deal of time
and labor.

A special problem is presented in preparing to recoat a silo which still has a previous
coating intact or was constructed of wax-treated blocks. Unless the surface is removed or
a firm rough surface prepared, the chances of good bonding of the new coating are greatly
reduced. A coating should never be removed with an organic solvent, as this method will
spread the PCB contamination and may leave the surface unfit for recoating. With sol-
vents, there is also the danger of fire and/or toxic vapors. Sandblasting may be the best
way to remove an intact coating.

The coating used as a barrier to PCBTs must withstand the harsh environment inside
a silo, plus prevent the acids in silage juices from reaching the silo wall. Some of these
coating properties are listed below.

1. The coating must bond well to concrete.

2. It must be waterproof, non-porous, and cover completely .

3. It must be acid-resistant, as pH values as low as 3.5 are encountered.

4. Temperature ranges from below freezing to 160° F. must be withstood
without failure.

5. It should be tough so that machinery, such as unloaders, don't cause
it to flake off.

6. The coating should not contain chlorinated hydrocarbons or toxic
chemicals which will contaminate the silage.

7. The coating should meet Occupational Safety and Health Act (OSHA)
standards to protect the workers applying the material from toxic or
flammable vapors. Likewise, the product needs to meet local air pollution
control regulations.
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8. The coating should not contain a solvent in which PCB!s are readily soluble,
as PCB!s from the silo wall may migrate into the new coating as it is applied.

9 . Application of the material should be uncomplicated.

10. The cost of the coating should be low enough so that the entire recoating
operation is not excessive when compared to the cost of replacing the silo.

Before purchasing a silo coating, the owner should obtain a guarantee from the
manufacturer stating that the product does not contain chlorinated hydrocarbons or
toxic chemicals which may contaminate the silage.
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HORMONAL INITIATION OF LACTATION IN HEIFERS

K. Larry Smith, F. L. Schanbacher,
L. B. Willett, and D. R. Redman

Departments of Dairy Science and Veterinary Science

Reproductive problems which prevent conception and thus lactation may affect 10°o
of all dairy cows. Thus, it would markedly increase the efficiency ol dairying if it were
possible to artificially induce lactation in problem breeders, thereby eliminating the cost
of maintaining the animals during the period of reproductive difficulty. Research results
at OARDC have shown that injection of a combination of two naturally occurring hormones
(17p-estradiol progesterone) for 7 days can initiate lactation in cows. Approximately
60% of the animals treated have lactated and production has averaged 80% to 70% of their
best previous lactation,, While it is obvious that this technique being developed at OARDC
has not been as successful as pregnancy and parturition, this research indicates
that the technique be improved and that it is a positive toward a more efficient
dairy industry.

While the problem breeder is a real problem, artificially induced lactation may have
further applications, such as obtaining early milk production from heifers prior to their
first normal calving. Early milk production would reduce the cost of raising dairy herd
replacements and result in increased efficiency on dairy farms. Previous attempts at
OARDC and the Wisconsin Agricultural Experiment Station to achieve early production by
breeding heifers at 10 months of age were not totally successful due to considerable dif-
ficulty at calving (Hibbs and Conrad, Ohio Report 50: 72, 1965; Wicker sham and
Schultz, J. Dairy Sci. , 46. 544, 1963; Hibbs and Shultz, Hoard's Dairyman, May 25, 1966),
Initiating the first lactation with hormones would eliminate this problem,

TABLE 1.--Hormone-Induced Lactation in Heifers.

Heifer

2050
2093
2057
2067
2066
2143
2146
2149
2150

Breed

Jersey
Jersey
Jersey
Hoi stein
Jersey
Hoi stein
Hoi stein
Hoi stein
Hoi stein
AVERAGE

Age
(Months)

36
31
30
29
28
17
15
14
14

23.8

Weight
(Lb.)

1014
865
957

1395
834
849
849
689
778
914.4

Lactation
Length
(Days)

305
200
305
195
305
200
35
35
200

197.8

Milk Yield*
305 D., 4% FCM

(Lb.)

12,540
8,543
9,119
9,893
6,652
4,924
3,650
2,691
5,491
7,055.9

Peak Daily
Yield
(Lb.)

53.7
33.2
32.1
55.7
31.7
27.7
22.0
16.5
26.8
33.3

Milk yield values for heifers with lactations less than 305 days in length have
been projected to 305 days. Lactations were purposely terminated prior to 305 days
in all but three heifers in an effort to conserve animals for additional induced lac-
tation experiments.
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Experimental attempts to initiate early lactation in heifers have been carried out at
OARDC. Table 1 summarizes the results observed following hormone-induced lactation
in heifers. The heifers ranged in age from 14 to 36 months and lactations were initiated
over the entire age range. The results show that previous growth of the gland through
normal gestation is not required for successful hormone initiation of lactation. In all
cases, major growth of the gland occurred during the 14-day period immediately follow-
ing the actual period of hormone injection. Lactations were purposely terminated prior
to 305 days in all but three heifers in an effort to conserve animals for additional induced
lactation experiments.

Production was generally lower than that seen in heifers calving at comparable ages.
However, it should be pointed out that heifers 2143, 2146, 2149, and 2150 would have had
to conceive at 8, 6, 5, and 5 months of age, respectively, in order to calve at ages corres
ponding to the age when lactation was initiated. Since first estrus seldom takes place be-
fore 8 months of age, it would be impossible for a heifer to lactate at 14 months of age
where the lactation resulted from a normal pregnancy. These results suggest that young
heifers can be brought into lactation before they could be bred normally.

The variability in response to the hormone treatment which was observed with adult
animals was also evident with heifers. Thus, at present the treatment cannot be recom-
mended as a practical procedure for obtaining early production from heifers. However,
the authors are encouraged by these early results and have experiments underway which
may lead to a better understanding of the variability and thus result in an improved treat-
ment with practical application.
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MILK PRODUCTION AND INVOLUTION OF THE MAMMARY GLAND

Floyd Schanbacher and K. L, Smith
Department of Dairy Science

The production of milk by the mammary gland is generally viewed as a process which
is controlled mainly by how fast milk can by synthesized. Thus, production limitations
are viewed as limitations on the ability of the gland to synthesize milk. Several
are involved in the control of milk synthesis. This article briefly discusses the relation-
ship of these factors to each other and their potential effects on production.

Research efforts at OARDC have been aimed at gaining a better understanding of the
control of milk synthesis in the mammary giand. Studies on the initiation of lactation are
yielding new insights into which hormones are involved in causing lactogenesis. In ad-
dition » these studies are yielding information regarding cellular differentiation events
during the initiation of lactation. Such studies have shown that, at least for certain milk
proteins, the mammary gland retains control over the synthesis of these proteins even in
the involuted state. It is also clear that certain milk proteins change dramatically during
differentiation, involution, and even infection of the mammary gland, and are thereby
markers for such processes within the mammary gland *

The combined view of these research results as well as the results from other labora-
tories suggest some interesting aspects of the control of milk production. First, it is clear
that in the absence of the proper hormone signal, the mammary gland will not undergo
adequate differentiation and milk production will not occur. Second, adequate nutrients
must be available for the synthesis of milk components. Thus, the nutritional status of
lactating animals must be closely controlled in order to maintain maximum production and
efficiency. When the two foregoing conditions are satisfactory, then ideally the rate of
milk production in the mammary gland should be maximal. However, other factors appear
to be involved in the limitation of milk synthesis.

Studies on the involution process suggest that the control of milk synthesis may be
mediated in part by mechanisms which appear to be involved in the involution process
itself. The authors have found the presence of certain milk proteins to be indicative of
involution. Changes in such proteins have occurred as early as 48 hours after cessation
of milking, suggesting that after even this brief period of milk accumulation, the involu-
tion process is already underway. Since the normal milking interval is approximately 12
hours and is only one-fourth the time required to detect changes indicative of involution»
it is likely that the mammary gland may be undergoing such changes by the end of each
normal milking interval. Other researchers have suggested that the rate of milk synthe-
sis is indeed reduced in the latter part of the milking interval when compared to the rate
immediately after milking. Thus, involution processes may play a significant role in re-
ducing the rate of milk synthesis and thereby the total milk production.

Several mechanisms are known by which milk synthesis can be inhibited during in-
volution. One of these is milk stasis, which is defined as the accumulation of excessive
fluid volumes in the udder in the absence of milk removal. This leads to increased hydro-
static pressure so that blood supply to the udder is decreased as well as alveolar disten-
tion and consequent decrease in alveolar function. The net result of milk stasis is a ces-
sation of milk production.
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A second factor which can decrease milk synthesis is feedback inhibition. This is a
mechanism whereby the synthesis of a milk protein ceases when its concentration in milk
reaches a certain point. During periods of milk accumulation, the protein may accumulate
to the point that its synthesis is stopped.

Most of the effects of short-term milk stasis and feedback inhibition are apparently
reversible. However, it is clear that prolonged milk stasis leads to rapid, irreversible
changes in the mammary gland so that involution ensues. While current research tech-
niques allow detection of changes in milk composition which are indicative of involution,
they do not yet allow determination of when the transition from reversible inhibition of
milk synthesis to irreversible involution occurs. It now appears that the natural tendency
for the mammary gland to involute may be in direct competition with the impetus for the
mammary gland to continue to synthesize milk proteins, particularly during the latter
stages of lactation. If this is so, then the dairyman is constantly balancing between milk
synthesis and involution processes. If the balance is tipped in favor of milk synthesis,
he becomes a financial success. However, if the balance swings toward involution, the
results can be disastrous. Unfortunately, many management problems such as incomplete
milking, disease, prolonged milking intervals, injury, etc,, appear to tip the balance
toward involution.

It is clear that there is a need for more research on the control and mechanism of in-
volution processes in the mammary gland. Such studies are being made at OARDC and
involution is being viewed not as a separate curious phenomenon, but instead one which
is closely related to and an integral part of the milk synthesis process. Such integrated
approaches to the study of milk production will ultimately make a significant economic
impact on the dairy industry.
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WHEY PROTEIN CHANGES DURING ACUTE MASTITIS

R. J. Harmon, F. L. Schanbacher,
L. C. Ferguson, and K. Larry Smith

Departments of Dairy Science and Veterinary Science

The dairy industryfs No. 1 disease problem is mastitis, which results in losses to
the nation!s dairy farmers exceeding $400 million annually. These costs include losses
in rnilk production as well as costs of treatment, culling, and replacement of infected
cows. Recent surveys have shown that approximately 50% of the cows in the United
States are infected with pathogenic organisms in an average of two quarters per cow.

Previous research efforts have resulted in effective antibiotics which can control
clinical manifestations of the disease. More recently, teat dipping has been shown to
reduce the spread of pathogenic organisms and dry treatment with appropriate antibiotics
can reduce the number of infected quarters. While these results represent real progress
toward better control of the disease, progress toward a complete understanding of the
basic self-protective mechanisms of the mammary gland has been slow by comparison.

Research at OARDC has led to improved methods of quantitating and detecting in-
dividual proteins which exist in the milk protein complex. Applying these methods,
significant changes in milk whey proteins have been observed to occur during acute
infection of the bovine mammary gland. These changes in protein composition appear to
reflect changes in the functional status of the mammary gland. Recent studies of clinical
cases of mastitis in the OARDC herd show that lactoferrin, an iron-binding, bacteriostatic
protein, increases in concentration in infected quarters up to ten times that found in
non-infected quarters in the same cow. As the infection subsides, the lactoferrin concen-
tration decreases and by 15 to 20 daysT post-infection, lactoferrin concentration is compar-
able to the concentration found in uninfected quarters.

In addition, results of these studies show that prior to infection, lactoferrin is a
minor whey protein component, while 3 to 5 days1 post-infection, lactoferrin is a major
whey protein.

This marked change in lactoferrin during infection has not been previously described.
While the complete significance of the increased lactoferrin concentration is not completely
understood, the possible relation of these changes in lactoferrin to protection of the bovine
mammary gland from infection is under intense investigation.
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FORMATION OF BOVINE COLOSTRUM AND ITS IMPORTANCE
TO THE NEWBORN CALF

K. Larry Smith and F. L. Schanbacher
Department of Dairy Science

A number of important biochemical events occur within the cow as parturition ap-
proaches. These events prepare for the transition of the calf from the warm, safe en-
vironment of its mother fs uterus to the germ-infested world in which it must attempt to
survive.

One of these important events is the preparation of milk which provides food and
nourishment to the young calf. Prior to production of normal milk, the cow further
attempts to protect her newborn by providing it with colostrum. Both colostrum and
milk are produced by the mammary gland of the mother but the two (colostrum and milk)
are uniquely different in composition.

The major food components of milk (protein, fat, and sugar) are each synthesized by
secretory cells within the mammary gland. The basic building substances which are used
by the mammary gland to synthesize milk proteins, fats, and sugar are transported by the
blood to the mammary gland. As the blood passes through the mammary gland, these
basic building substances leave the bloodstream and are taken up by the secretory cells
in the gland. Each of the secretory cells then takes the basic building substances and
constructs milk proteins, milk fat, and milk sugar. Thus, the mammary gland constructs
all of the major components present in milk.

A major difference between colostrum and milk is the type of protein present. Colos-
trum contains large amounts of a protein called immunoglobulin or antibody. Antibodies
are produced by animals in response to infection or the presence of any number of foreign
substances. For example, the foreign substances may be bacteria, viruses, or proteins
from unrelated animal species. Collectively, all foreign substances are called antigens.
When the body detects a foreign substance, it produces antibodies which can specifically
bind the foreign substance and help remove it from the body. Antibodies are specific for
a particular antigen and thus an antibody which reacts with bacteria will not react with a
virus and vice versa.

The antibody protein is not constructed by the secretory cells of the mammary gland.
Antibody molecules are built from basic building substances by special cells located in
the spleen and lymph nodes and are then secreted into the bloodstream. As the cow ap-
proaches parturition, a message is sent to the mammary gland to prepare for the birth of
the calf. The message is delivered by hormones. Prior to the actual birth, the secretory
cells begin to develop the machinery necessary for the construction of the various milk
components. During this prepartum period, the cells also develop to a high level the
ability to transport antibody molecules. As the blood, carrying antibodies, passes
through the mammary gland, some of the antibody molecules leave the bloodstream and
are picked up by the secretory cells. The secretory cells apparently do not alter the
molecules in any way but simply transport them across the cell and deposit the antibodies
into the secretion of the mammary gland.
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Immediately prepartum, the major function of the secretory cell is to transport com-
pletely constructed antibody molecules from the blood to the secretion of the mammary
gland. The result of this increased antibody transport is the buildup of high levels of
antibody in the secretion. Since the machinery necessary for the formation of normal
milk components is also developing, all of the normal components of milk are present.
The product which the mammary gland prepares from the transported antibody molecules
and constructed normal milk components is called colostrum.

At birth, additional messages, again probably delivered by hormones, are sent to
the secretory cells. The message instructs the cells to stop transporting antibody mole-
cules and to concentrate their efforts on construction of normal milk components.

Four days post-calving, the transport of antibodies by the secretory cell is minimal.
There are probably at least two explanations for the cessation of antibody transport.
First, if the cow continued to transport large quantities of antibodies into the mammary
gland, there would be a significant drain on the motherrs reserves of antibodies. Since
the antibodies in the mother's blood protect her from infection, continued loss through
the mammary gland could seriously jeopardize her health. Second, within a few weeks
of birth, the calf will synthesize its own antibodies. Until its own antibody-producing
system begins to operate, it will be protected by the antibodies received from its mother's
colostrum.

The various types of specific antibodies which the mother has in her blood will re-
flect the variety of infectious agents with which she has come in contact. Thus, from
colostrum the calf will receive a wide range of specific antibodies which will protect it
from a variety of infectious bacteria and viruses. While the authors believe that colos-
trum feeding should be considered an absolute essential for the newborn calf, dairymen
should be aware that feeding colostrum to the calf will not always guarantee that the
young calf will be safe from infectious diseases. As pointed out above, the mother's
specific antibodies will reflect her environment and not necessarily the environment in
which the calf will be raised. Under certain types of housing situations, it is conceiv-
able that the mother may never come in contact with the infectious agents present in the
environment in which the young calf is raised. Under these conditions, colostrum will
have limited protective ability, no matter how much is consumed by the calf.

The degree of protection afforded the calf will also be influenced by: 1) the amount
of colostrum consumed, 2) how soon after birth the colostrum is consumed, 3) the anti-
body concentration of the colostrum ingested, and 4) the amount of ingested colostrum
absorbed from the gut of the calf into the blood. Some protection may also result from
the presence of unabsorbed antibodies in the lumen of the intestinal tract.

The mother's colostrum will provide maximum protection provided the following
points are taken into consideration:

1. First-milking colostrum is the best source of antibodies.

2. Newborn calves should be permitted to ingest all of the first-milking
colostrum they can consume in the first 5 hours after birth,
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3. All first-milking colostrum should be fed to calves preferably less
than 1 week of age.

4. Following birth, colostral antibodies will be absorbed from the gut of
the calf for a period of 24 to 36 hours only and at a declining rate.

5. The presence of colostral antibodies in the digestive tract is of marked
benefit to a young calf in addition to its effect after absorption into the blood.

6. All milk produced before it is marketable (first six milkings) » including
colostrum, should be fed to calves at any age prior to weaning in order to
save feed costs.

While the high antibody content of colostrum makes it a unique mammary gland prod-
uct, colostrum is also an excellent food source, being especially high in protein and
energy. In addition, colostrum has a high content of vitamins and minerals required for
the normal health and well-being of the young calf. Dairymen should not underestimate
the benefits to good health and nutrition which can be derived from feeding all the colos-
trum.



HEMOLYTIC DISEASE OF NEWBORN CALVES

H. C. Nines
Department of Dairy Science

Hemolytic disease of the newborn has been demonstrated to occur in a variety of
animal species» and the potential for its manifestation is probably present in every
species capable of antibody production. It is recognized under a variety of names,
the most common being erythroblastosis fetalis, which is usually associated with the
human Rh incompatibility syndrome. In domestic animals, it is often termed neonatal
isoerythrolysis (the official U.S . veterinary designation).

As it most commonly occurs, the condition develops when blood group antigens from
the fetus pass into the maternal circulation and induce an antibody response. The blood
group antibodies which are produced may cause a problem in two different ways. In
some species, such as man, some of the small antibodies readily pass the placental bar-
rier and get into the fetal circulation where they attack the fetal red blood cells. In
cattle, pigs, and horses, few antibodies apparently cross the fetal barrier. In these
species» the young are born almost devoid of antibodies, but they readily acquire a
supply from their mothers through ingestion of colostrum.

Many antibodies are highly concentrated in colostrum and during the first 24 to 36
hours after birth, these young animals are able to readily transfer antibodies from their
intestinal tracts to the bloodstream. Usually the ingestion of colostrum is a good thing,
as it affords the young a considerable measure of protection which they otherwise would
not have. However, in some instances the mother will produce blood group antibodies
which are specific for antigens on the red blood cells of the young, and these antibodies
will also often be concentrated in the colostrum. When ingested by the young animal»
they will pass into the bloodstream and attack its red blood cells.

Although this condition can theoretically occur in almost any species of animal, in
some natural immunization is apparently very rare. Until recently there were no well-
documented reports of hemolytic disease in calves, and it was generally believed that
the syndrome occurred rarely, if at all, in cattle, Reports during the 1950fs indicated
that even by experimental immunizations it was unlikely that the syndrome could be pro-
duced in cattle. However, reports of the occurrence of the disease in cattle began to be
made with increasing frequency beginning about 1968. Subsequently, some cases of the
disease were reported to be associated with prior vaccination of the dam with blood cell
origin vaccines against the parasitic diseases babesiosis and anaplasmosis.

Recent investigations in this Department* have indicated that red blood cell origin
vaccines such as the anaplasmosis vaccine currently marketed in the United States, as
well as other vaccines such as some for leptospirosis and vibrio fetus, contain bovine
blood group antigens potentially capable of producing a blood group antibody response
following vaccination. Although the vaccines in this latter group were not prepared from

The cooperation of Fort Dodge Laboratories, Fort Dodge, Iowa, is gratefully
acknowledged.
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red blood cells» many of them either contain bovine blood serum or were produced on
culture media containing bovine blood serum. At present it appears that while blood
group antigens are in many of these vaccines, they may not pose a serious problem when
the vaccines are used at recommended vaccination dosages. Therefore, although the
potential for blood group antibody production and subsequent hemolytic disease should
be recognized, except in cases of red blood cell origin vaccines, the risk involved is
probably very small, and should not influence any decision about vaccination.
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CHROMOSOME SURVEY OF YOUNG BULLS IN ARTIFICIAL INSEMINATION

N. S. Fechheimer
Department of Dairy Science

Chromosomes are the vehicles on which the genetic factors or genes are located.
These genes provide the link from one generation to the next. Abnormalities of the
chromosomes can therefore effect serious consequences» including reduced fertility,
embryo death, and stillbirth or early postnatal death of calves.

During the past 3 to 4 years, a particular type of abnormality has been detected
among cattle in Scandinavia, Great Britain, France, West Germany, Italy, and the U . S .
The aberrations being detected involve a fusion of two chromosomes into one large
chromosome. Animals possessing such a chromosome therefore have a reduced number
of chromosomes. Some evidence is available indicating that although fertility of bulls
bearing this compound chromosome is not impaired, the fertility of cows is impaired. In
some breeds of cattle, the frequency of animals with the compound chromosome is as
high as 10-15%.

To ascertain the extent to which cattle of the common breeds are afflicted with chro-
mosome abnormalities, a survey was made of all young bulls entering three large artifi-
cial insemination organizations over a 3-year period. Blood samples from these bulls
were sent to the Department of Barry Science laboratory where cultures of the leucocytes
were established. The chromosomes of the proliferating white blood cells were carefully
examined.

Results from this survey are summarized in Table 1. A total of 743 samples were
received. Of these, 537 were from Holsteins. Fewer samples representative of other
breeds of dairy and beef cattle were examined. One Ayrshire bull possessed a Y chro-
mosome which was markedly longer than the comparable element from other bulls. This
type of variation is not detrimental in any way and ought not to be considered an abnor-
mality . Another Ayrshire, one Brown Swiss, and 11 Holstein bulls contained cells with
sex chromosome complements characteristic of females, i.e. XX, in addition to cells
normally expected in males, i.e. XY. These animals were chimeric, possessing cells
of two different types. This phenomenon is believed to arise as a result of an exchange
of primordial, circulating cells with co-twins of the opposite sex at an early fetal stage.
It is not yet clear what the effect of this type of chimerism may have on the reproduction
capacity of bulls.

It is reassuring to note that no animals were found with structural aberrations of
chromosomes. Apparently dairy cattle, particularly Holsteins, and the major beef breeds
of British origin are relatively free of these abnormalities.

-54-



TABLE 1.--Numbers of Bulls of Various Breeds with Normal
and Variant Chromosomal Complements.

Breed
No. Normal
(60, XY)

No. Bearing
Variation Total

Dairy

Ayrshire
Guernsey
Holstein-Friesian
Jersey
Brown Swiss
Red and White

Beef

Total

5
26
526
34
7
1

729 14

7
26
537
34
8
1

Angus
Red Angus
Charolais
Hereford (H.)
Hereford (P.)
Red Poll

90
3
15
12
9
1

0
0
0
0
0
0

90
3
15
12
9
1

743

Bull contained a long Y chromosome.
^Chimeric containing two populations of cells: 60, XX

and 60, XY.
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MANAGEMENT CONDITIONS LEADING TO LEFT DISPLACED ABOMASUM

Glen D. King
Bendmead Farms, Milliard, Ohio

Left displaced abomasum in dairy cattle (LDA) has been more or less a problem for
the past 10 years. Prior to 1962, the roughage program at Bendmead Farms was based
on hay, grass silage, and limited corn silage with green chop in the summer. In 1962,
corn silage was fed as the main roughage throughout the year. The reasons for this
were higher energy yield per acre, adaptability of harvest to mechanical handling» and
less work load at time of harvest. From 1962 to 1970, cows producing more than 60 Ib.
of milk per day were fed extra grain in an old stanchion barn adjacent to the parlor hold-
ing pen. Until 1968, 12 to 15 Ib. of hay were fed per head. In 1966, urea was added to
the corn silage at the rate of 10 Ib. per ton of silage. In 1968, more silage storage was
added and hay was reduced to 5 Ib. per day. High moisture shelled corn fed over silage
and free-choice Biofos were used beginning in 1969.

Between the years 1962 and 1969, there were about seven cases of LDA in the herd,
all of which were operated on successfully and returned to the herd to make acceptable
milk records. At the time of diagnosis, all affected cows were in average or below aver-
age condition.

As herd size was increased in 1971, more silo capacity was added. The dry cows
were fed limited hay, free-choice corn silage, and no grain. A magnetic type feeder
was installed to feed high producing cows extra grain.

From December 1971 through April 1972, four cows were lost and were diagnosed
as LDA. These cows had undergone surgery to correct the displacement and did not
recover. Three of them were problem breeders averaging more than 18 months1 calv-
ing interval, and all were over-conditioned. Upon post mortem examination, two of the
cows had an extreme amount of fat deposits surrounding the liver.

To overcome this problem, some changes in feeding management were made. Dry
cows were given first choice of limited hay; silage feeding of dry cows was limited to
20 Ib. per day; corn silage was chopped without a recutter screen; and vitamin A, D,
and E were added to the concentrate mixture. Since making these changes, no cases of
LDA have been observed.

The problem of fat cows was solved by feeding the dry cows a more balanced ratio
of hay to corn silage. LDA probably cannot be 100 percent prevented in any herd which
has a history of it. With proper feeding, management, and immediate consultation with
a veterinarian, about 90 percent of all cases can be cured* however.

The herd average for Bendmead Farms from 1963 through 1972 is shown in Table 1.
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TABLE l.--Herd Average at Bendmead Farms,
Milliard, Ohio, 1963-72.

Average Production
Year Cow Years Milk (Lb.) Fat (Lb.)

1963
1964
1965
1966
1967
1968
1969
1970
1971
1972

37.6
39.4
40.4
44.3
51.8
56.8
59.2
67.0
68.3
80.5

15,069
15,931
15,985
15,835
14,539
15,690
16,164
16,257
15,939
15,154

522
571
574
571
509
588
603
610
610
582
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LEFT DISPLACED ABOMASUM FIELD DIAGNOSIS

Lawrence E. Heider
Ambulatory Clinician

The Ohio State University Veterinary Clinic

Displaced abomasum is the term applied to the disease condition associated with
movement of the abomasum (the fourth or true digestive stomach) from its normal posi-
tion on the right ventral abdominal wall to the left lateral abdominal wall. The movement
of the abomasum is believed to be preceded by failure of the abomasal musculature to
contract with subsequent distension with gas. The movement of the abomasum is not
always to the left. With less frequency, the abomasum can move dorsally or to the right.
It is likely that these conditions known as right displaced abomasum, abomasal dilata-
tion, and abomasal atony are all variations of the same syndrome.

There are several causes for abomasal atony or failure to contract. It is known that
if the rumen fluid from normal cows on high grain rations is injected into the abomasum
of normal cows on all-roughage diets, the injected abomasum will temporarily cease con-
tracting .

The addition of various chemicals to the contents of the small intestine (duodenum)
will also cause cessation of abomasal motility. Among these are solutions of dilute hydro-
chloric acid, proteins, as little as 5 ml. of a 50% emulsion of fat, and strong solutions of
glucose. Histamine injection will also cause inhibition of gastric motility. Histarnine is
relased when cells are destroyed as might happen in an infection such as metritis. Hor-
monal changes such as occur at calving also interfere with abomasal motility.

The history common to LDA cows is recent parturition. The cow is generally 4 or
more years old. Some 3-year-olds and an occasional 2-year-old can be affected. The
owner generally reports that the cow has a potential for high production. Quite com-
monly the owner reports that there was some problem at or near calving, ranging from
dystocia to the observation of abnormal vaginal discharge following calving. In all cases,
the cow is examined because she is not eating and her milk production has diminished.

As the cow is examined, the temperature is usually normal. Some cows have a low
fever but the temperature rise is probably in response to an infection, not to the LDA.
The feces are almost always abnormal. Most are constipated and show a mucous pellicle
on the feces. Some have developed a dark fetid diarrhea. This is a serious sign and an
indication that the condition has been present for several days. When the cow is ex-
amined for ketones, there is always a positive reaction, usually a strong reaction, and
there is reason to believe it occurred prior to the LDA. As the cow is ausculated, nor-
mal heart and lung sounds are heard. The rumen sounds are usually absent. Upon
percussion, most of the cows have a high-pitched resonant sound described as a ftping!f

over a considerable portion of the left abdominal wall. This sound can be diagnostic but
is not always easy to differentiate from similar sounds caused by rumen gas or other gas
pockets which can occur in this area. The cows are usually slightly dehydrated and
appear depressed. The cow is always palpated rectally when LDA is suspected. This
sometimes aids in confirming the diagnosis and reveals the condition of the uterus and
other abdominal viscera.
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When LDA is tentatively diagnosed, the animal is referred to the in-patient clinic
for surgery. The greatest chance for successful recovery and prevention of further
economic loss is with surgery. Surgery , in most cases, results in rapid return to pro-
duction and condition.

There are other means of attempting correction, but they are less likely to result in
recovery. It has been suggested that truck or trailer rides will cause replacement.
This can happen but not always. Causing the animal to scramble up an incline has also
been suggested as an alternative to surgery but it is the least effective non-surgical
method of correction.

It is possible to replace the abomasum by casting and rolling the cow. This is not
too difficult, but whereas it is always successful, it is also temporary. Rolling to effect
replacement is the choice of non-surgical means of correction, with surgery being the
preferred corrective method.

Estimated economic aspects of LDA using either surgical or non-surgical correction
with production and cost assumptions are:

50 Ib. day average production
$6.00 cwt.
$250.00 salvage value
$200.00 I .O.F.C. (income over feed cost)

Surgical Correction 95% successful

Cost $125.00
Prod, loss 18.00 (6 da. X 50 Ib. X $6.00)

$143.00

Value of cow for salvage maintained (95% chance)
Production potential maintained (95% chance)

Non-Surgical Correction

Average 3 calls to correct
5th reoccurrence = unsuccessful

Average call fee $18.00 X 3 = $54.00
Loss of production if successful 36.00 (12 da. X 50 Ib.

X $6.00)
Potential loss of salvage 62.50 ( .25 X $250)
Potential loss of production 50.00 (.25 X $200)

Total $202.50

Production and salvage potential maintained (75% chance)
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Salvage

Frequently impossible because of drug residue
(30-day slaughter time after use of P/S-combiotic)
Frequently impossible because of systemic Illness

Potential salvage loss 0 to $250.00 Av. $150.00
Potential production loss 200.00 200.00
Average one call 18.00 18.00

$218.00 to $468.00 $368.00
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SURGICAL CORRECTION OF LEFT DISPLACED ABOMASUM

Clen F. Hoffsfs
D.V.M. , M.S., College of Veterinary Medicine

The Ohio State University

The incidence of left displaced abomasum (LDA) has been gradually increasing over
the last several years. At The Ohio State University more than 250 cases of LDA were
surgically corrected during 1972. Ten years ago, only a few cases were seen at OSU.
There were 12 cases from one herd of approximately 100 lactating cows during the month
of April 1971. The increased incidence is not just here in Ohio. All states in the North-
eastern United States report a similar incidence, and areas of the country which previ-
ously did not have the condition now are finding it regularly.

The diagnosis of LDA is confirmed by listening for the typical sounds in the upper
left flank region. The abomasum in the left displaced position comes to rest in this posi-
tion . The sounds are high pitched pings and tinkles and occur spontaneously or are
elicited by a sharp snap of a finger on the cow!s side. Many times cows with LDA refer-
red to the OSU Veterinary Clinic do not have the typical sounds on arrival. This is be-
cause the truck ride may allow the trapped abornasal gas to jiggle out. The abomasum
may even replace during the truck ride.

One of the most important aspects of examination for LDA is the finding of other con-
current diseases. Between one-third and one-half of the cows with LDA also have me-
tritis. Mastitis and hardware disease are found fairly often. Many times the other dis-
eases are of primary and major significance and the LDA is secondary.

There are three acceptable methods of surgical correction of LDA. The first method
is to place the cow on her back. An incision is made in the cowfs abdomen, the abomasum
is replaced and sutured to the incision. This method is the oldest of the acceptable pro-
cedures and is probably the most popular,

The second method is to operate from the left flank with the cow in a standing position,
A long suture is placed in the abomasum. It is then replaced and the two ends of the su-
ture are put through the abdominal wall (from inside out) in the lower right area. This
suture then is tied from the outside.

The third method is the one currently preferred at OSU and by most veterinarians in
Ohio. The operation is performed from the right flank with the cow in the standing posi-
tion. The abomasum is deflated with a needle and an attached rubber tube transports the
gas to the outside. An average of 2500 ccs of is removed. The abomasum is then
replaced. The omentum (a connective tissue which attaches to the abomasum) is then
attached to the abdominal wall and incorporated in the closure of the incision. The omen-
turn holds the abomasum in correct position like a sling.

All of these methods have been evaluated by long-term follow-up studies. All of the
methods have equal success. Between 85-90^ of the cases ore profitable cows fol-
lowing these surgical procedures. The standing position is preferred in most cases be-
cause it Is easier on the cow and It is easier to keep the surgery area sterile.



Another technique being used in some areas is to put the cow on her back» roll her
to bring the abomasum to the top, and then blindly stab through the abdominal wall and
abomasum and then back out through the abdominal wall. A darning needle and heavy
suture are usually used. This procedure will work on some cows, but since the inside
of the abomasum is entered, there is a risk of peritonitis. This is not recommended
except as a last alternative to slaughter.

Following surgery, most cows will make rapid recovery with minimum treatment.
Since almost all cows with LDA have ketosis, glucose is usually given after surgery.

Cows should be given all the hay and grain they will eat because once they are back
on feed, the ketosis disappears. Cows which are dehydrated are given fluids and elec-
trolytes. Cows with metritis are treated with antibiotic infusions and drugs to make the
uterus contract. If the uterus is greatly enlarged, the contents are often siphoned out.
Antibiotics are used only when there is a fever or mastitis and then those with short with-
drawal times are selected. The time required for recovery depends primarily on the
duration of the displacement and the number of complicating conditions. Excessively fat
cows with fatty infiltration of the liver generally make slow recoveries. The average cow
is back in production, off treatment, and ready for dismissal from the hospital in 1 week.
Many cows are uncomplicated and are operated on an out-patient basis. The average LDA
will cost about $100,

The surgical treatment for LDA is considered to be almost always successful. Only
about 3% will re-displace after having had the surgery. Those cows which die or never
become profitable are the cows which have serious concurrent diseases.
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MANAGEMENT SUGGESTIONS FOR PREVENTING
LEFT DISPLACED ABOMASUM IN DAIRY COWS

John R. Staubus
Extension Specialist, Dairy Science

The Ohio State University

Prevention, rather than treatment, certainly seems desirable in the case of left dis-
placed abomasum. This is not a new idea because it has been applied to many abnor-
malities and diseases in the past.

A review of literature and a compilation of field observations indicate that the feeding
programs used during the dry period are the most critical factors. The three types of
feeding programs which apparently predispose cows toward left displaced abomasum are:
high level of concentrate feeding, feeding all pulverized roughages, and feeding all soft
roughages.

A recent research report from Purdue in which varying ratios of the dry matter were
provided by roughages and concentrates sheds some light on the problem. When cows
received 75% of their dry matter from roughage and 25% from concentrates during the
dry period, 0% of the cows developed left displaced abomasum. Where the ration during
the dry period was changed to provide 60% of the dry matter as roughage and 40% from
concentrates, 20% of the cows showed left displaced abomasum. As further changes
were made to provide 45% of the dry matter from roughage and 55% of the dry matter
from concentrates, or 30% of the dry matter from roughage and 70% of the dry matter
from concentrates, 40% of the cows developed left displaced abomasum. Therefore, a
reasonable rule for dry cow feeding programs would be "do not provide more than 30%
dry matter as concentrates during the dry period ,!!

This rule would indicate that the free-choice feeding of corn silage to dry cows is
not desirable. Good quality corn silage on a dry matter basis is approximately 50%
concentrate and 50% medium to poor quality roughage. Such a level of concentrate feed-
ing is considered too high. Normal corn silage is usually low in protein, calcium, phos-
phorus, magnesium,, and sulfur.

High levels of concentrate feeding may exert effects by increasing the amount of acid
formed as the concentrates are rapidly fermented to acetic, propionic, and butyric acids,
As the acid content of the rumen is increased, the pH is lowered and the net effect may be
to reduce the motility of the abomasum.

If all of the roughages in the ration are pulverized, the rate of passage of the materials
through the rumen will be increased. Such an increased rate of passage will lead to less
rumen fill and reduced weight of material within the rumen. Pulverized materials reduce
the amount of time spent ruminating and therefore the amount of saliva passed into the
rumen. The readily digestible portions of the pulverized roughage are rapidly converted
to acid by fermentation in the rumen* An increase in synthesis of acids in the presence
of reduced amounts of saliva which provide a buffering action in the rumen can lead to
lower pH and perhaps reduce motility in the abomasum.
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When silages and pasture are the only roughages provided for dry dairy cows, the
rate at which the materials can be consumed is increased. Increasing the rate of con-
sumption of high moisture materials can reduce the amount of rumination needed and re-
duce the amount of saliva secreted. These two factors also can lower the pH of the rumen
contents.

Feeding Recommendations for Dry Cows

1. Grass or mixed grass and legume hay seem to be the ideal feeds for dry cows.
Such feedstuffs seem to adequately supply the nutritional needs for late gestation and
maintain normal rumen function.

2. Limit the amount of corn silage fed to 30 Ib. or less per cow per day. When a
palatable feed is fed in limited quantities, adequate feeder space should be provided so
all cows can eat at the same time. This reduces the possibility of certain animals obtain-
ing more than their share.

3. Feed straight legume hay with corn silage to create a desirable calcium-phos-
phorus ratio in the range of 1.5:1 or no more than 3:1. Legume hay may have a very
wide calcium-phosphorus ratio, whereas corn silage has a very narrow ratio. There-
fore , the combination of the two is better than either one fed individually. Either narrow
or wide Ca:P ratios may predispose cows toward milk fever.

4. Limit the intake of concentrates to a maximum of 6 Ib. per head per day during
the dry period.

5. Allow cows to regain good body condition while still in milk. According to re-
search data from the U . S . Dept. of Agriculture at Beltsville, M d . » cows fatten much
more efficiently during lactation than they do during the dry period. Do not continue to
build body condition of dry cows during the dry period. Extremely fat cows usually ex-
hibit symptoms of "fat cow syndrome.n They are less resistant to infections such as me-
tritis and mastitis. They are more likely to go off feed after freshening. They respond
less well to corrective surgery for left displaced abomasum „

6. Provide the necessary calcium and phosphorous supplements as well as trace
mineralized salt free-choice when no concentrate mixture is fed.

7. Lead feeding during the dry period is recommended for thin cows but not fat
cows. Even those cows which require lead feeding should be limited to less than 30%
dry matter intake as concentrates. Include the 50% concentrates on a dry matter basis
in corn silage in making these calculations.

Suggestions for Feeding Cows after Freshening

Hay is a good but not essential feed for dairy cows. The use of a dry concentrate
mixture or some dry hay along with other fermented feeds usually increases dry matter
intake and therefore production. However, milking cows seem to respond better on all-
silage roughage programs than dry cows.

-64-



Bring cows onto concentrate feeding carefully. Under normal conditions, the con-
centrate intake of recently freshened cows can be increased 1-2 Ib. per day without
throwing the cows off feed. Fresh cows should be worked onto a full feed of concentrates
in the milking parlor before being subjected to concentrate feeding in the lot or having
magnets attached for use on a magnetic feeder. It is important that cows not be thrown
off feed immediately after freshening. Off feed cows seem to be predisposed toward left
displaced abomasum.

Cows which are in negative energy balance and are mobilizing body stores of fat for
milk production need a higher percentage of crude protein in their ration than cows which
are in energy balance.

Cows fed pulverized roughages may respond with a decreased butterfat percentage.
Rations which contain less than 15% crude fiber on a dry matter basis also predispose
cows toward a depression in butterfat percentage.

Whenever possible, reduce the opportunity for cows to select the roughage they like.
Concentrate mixtures of necessity must be formulated to complement average forage in-
take . Those cows which select one type of roughage over another may deviate consider-
ably from average forage intake. This may be a particular problem when two roughages
which vary widely in protein percent are fed.
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