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SULFUR REQUIREMENTS OF LACTATIN6 DAIRY COWS

R. Bouchard and H. R. Conrad
Department of Dairy Science

Five experiments involving 131 digestion balance trials were used to estimate
the sulfur requiremfents of cows producing between 45 and 75 Ib, of milk per day.
Six sources of sulfur were studied. They were methionine hydroxy analog, sodium
sulfate, calcium sulfate, a combination of potassium and magnesium sulfates,
molasses, and lignin sulfonate. Each source of supplemental sulfur was fed at
levels to supply from 0.06 to 0.30% sulfur in the complete diet, except for methio-
nine hydroxy analog which was fed at the level of 0.18% sulfur only.

Sodium sulfate, calcium sulfate, and the mixture of potassium and magnesium
sulfates were used effectively in meeting minimum requirements for lactating cows.
However, at optimum levels, calcium sulfate was converted less efficiently to pro-
tein for milk-protein synthesis. At high levels (twice requirements), calcium sul-
fate suppressed feed intake. In all cases digestibility was high, ranging between
60% and 75%.

Methionine hydroxy analog fed at the level of 43 g. per day maintained positive
sulfur and nitrogen retention but decreased the dry matter intake by about 4% with-
out decreasing milk production.

Molasses was used in conjunction with sodium sulfate and compared to diets
where all of the supplementary sulfur was furnished by sodium sulfate and where the
available energy was supplied by starch. Molasses increased the level of dry matter
intake by 9%, The sulfur from the mixture of molasses and sodium sulfate was used
as efficiently as sodium sulfate alone to maintain a positive sulfur balance.

Lignin-sulfonate, a pellet binder sometimes used in pelleted concentrates, was
tested as a source of sulfur. It was observed that dietary levels exceeding 2% of
the dry matter consumed decreased the total dry matter intake and had adverse ef-
fects on nitrogen balance. Absorption studies indicate that about 25% of lignin-
sulfonate-sulfur was absorbed. This was low compared to the other sources of sulfur.

It is concluded that lactating cows producing 45 Ib. of milk per day should
receive at least 34 mg. of sulfur per day per kg. of body weight and should not be
fed more than 60 mg. of sulfur per day per kg. of body weight from such inorganic
sulfur forms as sodium sulfate, calcium sulfate from agricultural gypsum, and a
mixture of potassium and magnesium sulfate (DYNA-MATE). Molasses is recommended as
a possible source of sulfur in purified diets but cannot be classified as a good
sulfur supplement because it is low in sulfur (0.22 to 0.27% sulfur).

Methionine hydroxy analog fed at 43 g. per day decreased feed dry matter intake
but its sulfur was absorbed at levels comparable to inorganic sulfate-sulfur and
supported optimum milk yields.

A sulfur level of 0.17 to 0.18% sulfur in the complete diet is suggested for
high-producing cows, along with a nitrogen-to-sulfur ratio of 12-to-l.
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PRESERVATION OF HIGH MOISTURE CORN - 1972

D. L. Palmquist
Department of Dairy Science

Research at OARDC concerning evaluation of high moisture corn (HMC) for lacta-
tion has been reported at Dairy Day for the past 2 years. In 1971 it was reported
that high moisture corn preserved either by ensiling or with acetic or propionic
acids did not maintain feed intake of milk production at the same level as dry grain.
This phenomenon has been investigated further and has been attributed to insufficient
protein supplement in the rations containing high moisture corn in the earlier
studies.

During the winter of 1971-72, three methods of preserving high moisture corn
were compared with dry grain treatment in a 2 x 3 factorial. Twelve cows were fed
the six grains along with corn silage and alfalfa hay in an incomplete block design.
The six grain treatments are shown in Table 1.

Preliminary results of the experiment are presented in this article, with due
caution as statistical analyses have not been completed.

Grain Preservation. Moderate to extensive mold was observed in the HMC stored
in the silo. This corn was ensiled at approximately 26-27% moisture, apparently
not wet enough to permit maximum fermentation and preservation from mold. The salt
and acid HMC's were stored in open bins. The salt HMC (preserved at 25% moisture
with ammonium salts of acetic and propionic acids) had a high pH. It heated and
molded extensively and had a definite odor of ammonia. The acid HMC, preserved at
25% moisture with acetic and propionic acids, maintained its bright yellow color,
did not heat during storage, and was mold-free.

Cow Performance* Grain concentrates 295 and 296 were fed in order to ascertain
the effects of the preservatives per se on acceptability. There was no evidence

TABLE 1* —-Ingredients Used in Grain Concentrates, Percent as Fed.

Ration No.
Ingredients

Rolled corn
Wheat bran
Crimped oats
Soybean oil meal
Di calcium phosphate
Iodized salt
Vitamin A- 30
Chemstore*
NH4 acetate + NH4

propionate
High moisture corn

257
50.00
10.00
10.00
26.60
2.70
0.60
0.05
.

.
<•»

295

49.20
9.85
9.85

26.20
2.66
0.58
0.05
1.50

-
"""

296
49.10
9.83
9.83

26.10
2.65
0.58
0.05
-

1.80
***

Silo_

-
-

29.20
3.00
0.67
0.05
-

-
67.00

Acid
-
-
-

29.20
3.00
0.67
0.05
1.50

-
65.50

Salt
.

- I

29.20
3.00
0.67
0.05
-

1.80
65.20

*Acetic + propionic acids.
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that the preservatives added to dry grain were unacceptable to the cows. The low-
est dry matter consumption and the lowest milk production occurred on the salt diet,
consistent with its moldiness and ammonia odor. The acid diet maintained a high
level of milk production but milk fat percentage was apparently lowest on this diet.

Alternatives for Preserving HMC. There are several alternatives available to
the dairyman for preserving high moisture corn.

1. Most widely used is drying. At current prices, costs of drying 22% mois-
ture corn amounts to about 20 cents per bushel, not including hauling and storage
costs.

2. HMC may be ensiled in sealed or conventional silos. Experience at OARDC
indicates that preservation of ground, shelled HMC in conventional silos may lead
to high losses, and that preservation of ground HM ear corn at 32 to 35% moisture
may be optimal. The cob is a valuable addition as a feedstuff, but greatly in-
creases the storage space required.

3. Shelled HMC may be preserved with organic acids (propionic acid alone or
in combination with acetic acid) and stored in any type of storage bin or silo out
of the weather. The recommended level of acetic-propionic acids for 22% HMC is 1%.
At 24 cents per pound, this cost is about 15 cents per bushel. The HMC may be
harvested, treated, and stored directly, without concern for handling and moving
for drying.

Evidence is increasing that alternate methods of preserving HMC may reduce
costs of production and storage.
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HORMONAL INITIATION OF LACTATION

K. L. Smith, F. L. Schanbacher, and L. B. Willett
Department of Dairy Science

It was reported previously that the injection of 17B-Estradiol and progesterone
for 7 days can cause the formation of normal colostrum and induce lactation in non-
lactating, non-pregnant cows and heifers. Six animals have now completed full lac-
tations and these data are summarized in Table 1.

Only the Jersey (No. 1644) appears to have produced to her full potential. On
the other hand, all records except that of the Guernsey heifer (No. 2038) are equal
to or better than the best recorded lactation induced by hormone therapy. Produc-
tion by the Guernsey heifer does not appear to be a true representation of the
capabilities of the treatment in virgin heifers. Four virgin heifers are currently
milking in the OARDC research herd. A Holstein heifer produced 55 Ib. at peak lac-
tation and has produced 6,479 Ib. of milk and 245 Ib. of fat in 164 days. The
other three are Jersey heifers. Their current production figures are: No. 2057,
196 days, 5,324 Ib. milk, 290 Ib. fat; No. 2066, 194 days, 4,193 Ib. milk, 226 Ib.
fat; No. 2050, 69 days, 2134 Ib. milk, 132 Ib. fat. The Jersey heifer (No. 2050)
is currently producing 50 Ib. of milk per day.

With respect to No. 2038, the treatment was altered by injecting for 10 days
rather than 7 and by gradually reducing the amount of progesterone injected over a
5-day period rather than abruptly stopping injections on day 10. A second lactation
has since been induced in this animal. The second lactation appears to be more per-
sistent, but the level of production is again 30 to 32 Ib. of milk per day.

TABLE 1.--Hormone-induced Lactation Records.

Animal
Identification Breed

Previous
Lactation
History

Induced
Lactation

Production at
Peak Lactation

1644

GBS-1

1801

2003

2038

SH-1

Jersey Six previous lactations
Best record:
307 days, 7,138 Ib. milk,
400 Ib. fat

Brown Two records of more than
Swiss 20,000 Ib.

Holstein Two records of 19,000 Ib,

Holstein One record of 305 days,
12,903 Ib, milk, 345 Ib,
fat

Guernsey Virgin heifer

Holstein One record of 305 days
13,810 Ib. milk, 489 Ib.
fat

280 days, 7,594 Ib. milk,
495 Ib. fat

365 days, 15,125 Ib. milk,
650 Ib. fat

305 days, 14,900 Ib. milk,
511 Ib. fat

305 days, 11,757 Ib. milk,
339 Ib, fat

177 days, 3,938 Ib. milk,
187 Ib. fat

305 days, 13,250 Ib. milk,
516 Ib. fat

40-44 Ib./day

65-68 Ib./day

85-90 Ib./day

50-52 Ib./day

30-32 Ib./day

60-65 Ib./day
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Presently more than 50 lactations are in progress, representing approximately
60% success with the treatment. Experiments are underway to try to determine why
40% o£ treated animals are failures. Present results indicate that certain ovarian
situations present at the start of the series of injections tend to result in fail-
ure. Poor response has been seen when injections are begun in mid-cycle animals
having a fully functional corpus luteum and in animals with retained corpus luteum.

When an animal fails to respond, injecting larger amounts of estrogen and/or
progesterone does not appear to improve chances for success. Some animals which
fail to respond to a first series of injections will respond later to a second
series.

Response does not appear to be a one-time phenomenon. Two lactations have been
induced in four animals. On the other hand, a few animals have been treated as
many as three times without success.

An attractive feature of this work is that all of the animals used were non-
breeders. Those which responded to treatment would have gone to slaughter if lac-
tation had not been induced. The first six animals treated (Table 1) produced a
total of 66,735 pounds of 4% milk worth approximately $4,270. A realistic appraisal
of this research effort indicates that total reproductive failure need not mean
total loss of the animal as a productive unit.



RECENT DEVELOPMENTS IN PARTURIENT PARESIS
(MILK FEVER) PHYSIOLOGY AND PREVENTION

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

Udder inflation, the first successful treatment for milk fever, was first an-
nounced in 1897* However, it was 28 years later (1925) when low blood calcium was
discovered to be associated with milk fever and intravenous injection of calcium
salts was begun as the treatment of choice. It was theorized that the low blood
calcium was due to insufficient production of parathormone, the hormone produced in
the parathyroid glands which causes stored calcium to be taken from bone and added
to the blood.

As with many diseases, further advances were not made until new discoveries of
basic knowledge, new methods, new instruments and new techniques were developed.

Perhaps the most important discovery related to milk fever in recent years was
the observation made by Pennsylvania workers that, contrary to the hypoparathyroid
theory of Dryerre and Grieg, milk fever prone cows have a high level of circulating
parathyroid hormone. This observation was made possible by the development of a
radioimmunoassay method, capable of measuring the amounts of parathormone circulat-
ing in the^blood.

This discovery ruled out insufficiency of circulating parathormone as the basic
cause of milk fever. However, the hypocalcemia seen in milk fever remained to be
explained.

The more recent discovery by Copp and Munson of the existence of thyrocalci-
tonin, the hypocalcemic hormone secreted by the parafollicular cells of the thyroid
gland, and the observation by Capen at The Ohio State University that the thyroid
glands of milk fever cows were depleted of thyrocalcitonin, strongly suggested that
thyrocalcitonin was the long-sought culprit causing the acute hypocalcemia in milk
fever prone cows. However, since the release of thyrocalcitonin is triggered by
hypercalcemia and there is no evidence of hypercalcemia at or after parturition, it
remains to be explained what causes the depletion of thyrocalcitonin in milk fever
cows. Perhaps the depletion of thyrocalcitonin is the result of continuous high
calcium intake prior to parturition when high calcium rations are fed.

The hypocalcemia in milk fever, despite the high level of circulating para-
thormone, indicates either: (1) that something is interfering with or blocking the
normal action of parathormone, or (2) that in some cows maximum bone resorption is
insufficient to meet the demand for blood calcium at the initiation of lactation.
Insufficiency of readily available calcium stores is related to nutrition during
the dry period and is more acute after 4 to 5 years of age when bone growth ceases
and growth is complete. This is the age when milk fever usually occurs for the
first time.

In Ohio experiments, vitamin D feeding was shown to increase the readily avail-
able calcium reserves. This was measured as a smaller decline in blood calcium un-
der the stress of ethylenediaminetetraacetic acid (EDTA) infusions.

It was suspected that estrogen, which is high in the blood of parturient cows,
might be involved in the failure of the blood calcium regulatory system to meet the
demands at beginning lactation. The results of Ohio experiments carried out by
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L. A. Muir and others showed that bone calcium resorption was not inhibited by in-
creasing blood estrogen through injections to levels usually occurring at parturi-
tion. However, injected estrogen significantly decreased feed intake* thus reduc-
ing the amount of calcium available for absorption from the intestinal tract. It
was further observed that the depressing effect of estrogen on feed intake could be
partially overcome by injecting progesterone,, an anti-estrogen effect,

In further experiments in which blood calcium was lowered by injecting EDTA,
it was found that the calcium entering the blood to replace that lost through EDTA
infusion was about equally dependent on dietary calcium and bone resorption,, as
monitored by hydroxyproline excretion.

In light of this evidence, assuming that calcium mobilization from bone is
maximal in milk fever prone cows to the extent of the readily available calcium
stores, the maintenance of a normal blood calcium level at beginning lactation,
aside from maintaining maximum bone calcium stores, is largely a problem of achiev-
ing maximum calcium absorption from the intestinal tract. In other words it is a
nutritional problem. The use of progesterone to offset the effect of estrogen on
feed intake at parturition is now under further investigation.

In the area of prevention through increasing intestinal calcium absorption,
the work of Ender and others in Norway is significant. They found that high acid
rations (rations high in metabolizable cations) will help prevent milk fever if the
calcium content is adequate. Alkaline rations (containing feeds such as alfalfa,
high in metabolizable anions) caused an increase in milk fever incidence, Ender
also found that feeding mineral acid treated alfalfa silage (AIV silage) was an
effective means for preventing milk fever, whereas alfalfa hay or untreated alfalfa
silage caused increased milk fever incidence. Ender and J. M. Payne in England also
report favorable results in preventing milk fever by adding ammonium chloride to the
ration during the dry period. Ammonium chloride has the effect of increasing the
acidity of the intestinal tract and enhancing calcium absorption.

Ohio research with vitamin D feeding and the work of Payne in England and
Sjollema in Holland (who injected vitamin D with equal effectiveness) all fit into
the approach to prevention through increased intestinal absorption of calcium.

Two methods of feeding vitamin D for milk fever prevention have been tried
successfully in Ohio studies. One is based on a high-dosage, short-time feeding
aimed at increasing intestinal calcium absorption at parturition. The other in-
volves a much lower dosage fed continuously on a year-around basis, aimed at achiev-
ing a high level of readily available calcium stores as well as increasing calcium
absorption at parturition.

In the short-term, high-dosage method, 20 to 30 million units of oral vitamin
D were given daily to milk fever suspects for at least 3 days before parturition
and for 1 day postpartum, with a safety limit of 7 days of vitamin D feeding. This
method provided about 80% protection compared to the controls, all of which had
milk fever at a previous lactation. Little protection resulted until vitamin D had
been fed for 3 days. Protection fell off rapidly 1 day after cessation of vitamin
D feeding.

It was difficult to predict the due date within these relatively narrow limits.
When this method of prevention is used, it is suggested that vitamin D feeding be
started 5 days before the predicted due date.
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In the continuous vitamin D feeding experiment, 3200 units of vitamin D per
pound of grain were fed, with a minimum of 3 Ib. of grain or 9600 units of vitamin
D per day. The maximum amount of vitamin D fed was about 500,000 units^per day.
Both milk fever prone Jersey cows and mature cows which had never had milk fever
were included in this study. Continuous vitamin D feeding to the milk fever sus-
pects reduced milk fever incidence from 59% to 27%, However, in the group which
had not previously had milk fever, vitamin D feeding slightly increased the inci-
dence from 21% to 28%.

The difference in response to vitamin D feeding between milk fever suspect cows
and those with no previous history of milk fever suggests that the two groups were
different with respect to calcium availability.

In the milk fever suspects, the increased intestinal absorption of calcium re-
sulting from vitamin D feeding was more advantageous than their active parathyroid
glands, which are known to be depressed by vitamin D feeding.

In the cows with no previous milk fever history, the evidence indicates that
their normal parathyroid activity, which was depressed by vitamin D feeding, would
have been of more benefit than the increased intestinal calcium absorption resulting
from vitamin D feeding. In other words, non-suspect cows were capable of responding
to parathormone whereas the milk fever suspect cows were not able to respond and
were thus helped by the vitamin D.

Noteworthy is the fact that regardless of previous milk fever history, vitamin
D feeding eliminated the differences between the two groups, leaving both equally
susceptible to milk fever (approximately 28%).

Another significant observation made from the digestion balance trial data was
that vitamin D did not increase intestinal calcium absorption unless there was suf-
ficient phosphorus in the ration to maintain positive phosphorus balance. Therefore,
it appears that if phosphorus is low in the ration, this must be corrected before any
benefit from vitamin D feeding or injection can be expected,

The feeding of 3 to 5 Ib. of grain greatly enhanced the phosphorus and calcium
absorption when added to an all-roughage (mostly alfalfa) ration. The failure of
corn starch to elicit this same response suggests that the added phosphorus in the
grain was responsible for the increased calcium absorption and improved calcium
phosphorus balance.

An exciting new development from the laboratory of H» F. De Lucca at the Uni-
versity of Wisconsin is the discovery and synthesis of the active form of vitamin D
(1-25 hydroxy cholecalciferol). Vitamin D after conversion in the kidney to the
active form (1-25 DHCC) causes the formation of a calcium-binding protein which is
needed for the active transport of calcium across the intestinal mucosa. This ac-
counts for the beneficial effect of vitamin D on intestinal calcium absorption which
has been repeatedly observed for many years.

Vitamin D can now be considered either as a vitamin nutrient or as a hormone,
depending on whether it originates in the feed or in the skin through ultraviolet
irradiation of 7-dehydrocholesterol, 25 DHCC (an intermediate product) has been
used successfully by the Wisconsin workers to prevent milk fever in milk fever prone
Holsteins, They used doses up to 1000 yg of 25 DHCC given orally 24 hours before
the predicted time of parturition and repeated every 48 hours until parturition to
maintain efficacy. Their work is continuing to determine the optimal dose and the
best route, frequency, and timing of injections.



The active form of vitamin D is faster acting than the products previously used,
which should result in less failures because of inability to predict the due date
within the necessary time limits. There is also less danger of soft tissue calcifi-
cation because of the shorter duration of administration.

The available evidence indicates that, compared to normal cows, milk fever
prone cows (despite their normal high level of circulating parathormone at parturi-
tion) must for some reason depend less on their stored reserves of calcium and to a
greater extent on intestinal calcium absorption to help maintain normal blood calcium
following parturition and at beginning lactation.

The blood calcium drain at parturition appears to be more closely related to
the rapid initiation of normal milk secretion rather than colostrum production,
which is formed gradually as an accumulation product in the mammary gland and thus
represents a more gradual drain on blood calcium. The amount of calcium excreted in
colostrum at the first and second milking after parturition was found to be no
greater in normal cows than in milk fever prone cows.

Thus, the feeding of low alkaline rations with a narrow Ca:P ratio containing
adequate (but not excessive) amounts of both calcium and phosphorus plus vitamin D
or any other safe ingredient which will enhance calcium absorption or maintain
normal feed intake would appear to be indicated for milk fever prevention in milk
fever prone cows.
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COLOSTRUM — THE ONLY SOURCE OF PASSIVE PROTECTION FOR THE NEWBORN CALF

K. L. Smith, F. L. Schanbacher, and J. W. Hlbbs
Department of Dairy Science

Immunoglobulins or antibodies are important factors in protection of a newborn
calf from disease, A calf has little or no antibody present at birth and therefore
has more of an absolute requirement for colostrum than the young of species in
which placental transport of antibody occurs. The importance of colostrum to a calf
cannot be over-emphasized.

The mother's colostrum is the only natural source of antibody available to a
calf. How can a dairyman best utilize the large volume of colostrum produced by a
cow to give her calf maximum protection at birth?

Evidence to date indicates that to optimize the chances for resistance to dis-
ease 3 the presence of high levels of antibody are required both in the blood and in
the digestive tract. Protection at both sites can be achieved by ingestion of large
amounts of colostral antibody. Protection of the blood requires that the ingested
antibody be absorbed from the gut.

Research reported in 1970 by Kruse (Anim. Prod., 12: 627) shows that the amount
of antibody absorbed is dependent on the time after birth that the antibody is in-
gested and the amount of antibody actually consumed. At birth, the ability of a
calf to absorb antibody from colostrum is maximal but the efficiency of absorption
is generally 25% and seldom exceeds 50%. This means that only 25% of the ingested
antibody will be absorbed into the blood. By 20 hours after birth, the efficiency
is 12% and by 36 hours there is no further absorption of antibody. Kruse, on the
basis of his work, showed that a calf should receive colostrum within 5 hours of
birth to insure an adequate level of protection*

Another important point is that the more colostrum that a calf ingests in the
first 5 hours after birth, the better the chances for protection. Thus, feeding
colostrum at limited fixed amounts appears not to be a sound management practice
during the first 24 hours after birth.

Maximum use of first-milking colostrum is essential for best protection. As
the efficiency of absorption decreases, the level of antibody in the colostrum de-
creases with each successive milking. At 24 hours after parturition (the third
milking) the antibody concentration in the colostrum is only one-third of the value
at first milking.after parturition. To ingest an equivalent amount of antibody, a
calf would have to drink three times as much third-milking colostrum as first-milk-
ing colostrum; to get an equal amount of antibody absorbed into the blood (at 24
hours after birth the efficiency of absorption is one-half that at birth), the calf
would have to ingest six times as much colostrum. If 4 Ib. of first-milking colos-
trum would have been sufficient to optimize a calf's chances for protection at birth,
24 Ib. of third-milking colostrum would have to be ingested at 24 hours to give
equivalent protection. It is unlikely that a calf would drink 24 Ib.

These simple calculations show the value of the first-milking colostrum as a
source of antibody to a young calf. Dairymen who freeze and store colostrum should
concentrate their efforts on first-milking colostrum. In addition, all first-milk-
ing colostrum should be fed, with emphasis on calves less than 1 week of age.



There are large variations in colostral antibody concentrations from cow to cow.
In general, older animals have higher levels than first-calf heifers. Other factors
such as prepartum milking and short dry periods will reduce the antibody concentra-
tions.

While absorption of antibody into the blood is of unquestionable importance,
the presence of colostral antibodies in the digestive tract of a young calf may be
of equal importance under certain conditions. First-milking colostrum has a rela-
tively higher concentration of those antibodies which appear to be able to function
in the adverse environment of the digestive tract. These particular classes of
antibody are present at very low levels in normal milk and absent in milk replacers.

First-milking colostrum would appear to be the most desirable, inexpensive
source of protection for young calves available to dairymen. The points to remember
are:

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

2. See that newborn calves ingest all of the first-milking
colostrum which they can consume in the first 5 hours
after birth.

3. Feed all of the first-milking colostrum to calves preferably
less than 1 week of age.

4. Colostral antibody will be absorbed into the blood for a period
of 24 to 36 hours only and at a declining rate.

5. The presence of colostral antibody 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, including colostrum,
should be fed to calves at any age prior to weaning in order to
save feed cost. It is an excellent source of nutrients, especially
protein and energy.
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TOP-GRAZING PROVIDES QUALITY PASTURE FOR DAIRY COWS

H. R. Conrad and R. W. Van Keuren
Departments of Dairy Science and Agronomy

Several years of experience with high-producing cows at the Ohio Agricultural
Research and Development Center show that carefully managed pasture forages pro-
duced in small paddocks for grazing may be used successfully in meeting the protein
needs of dairy cows in the summer feeding program. The most productive combination
to date has been alfalfa overseeded with ladino clover.

The objective of the short-term paddock system is to provide a continuing
supply of high-protein, immature forage for cows to graze throughout the summer.
This means keeping the forages in the growing or vegetative state. It also implies
that the grazed forage will be highly digestible.

In 1971 and 1972, a combination of alfalfa and ladino clover was used. Essen-
tially a top grazing procedure was employed. Thus cows were removed from a paddock
when forage was 8 to 10 inches high. This level of grazing was accomplished by
combining parts of both rotation and strip-grazing methods into the short-term pad-
dock system. Short grazing periods of 3 to 4 days were used. Pasture plots (1.5
acres) were divided by electric fencing.

High dry matter silage which was cut for harvesting in the third week in May
was fed to other cows selected as experimental controls and kept in the barn for
the summer feeding period. Supplemental rations consisted of about 13 Ib. of grain
concentrate and 12 to 20 Ib. of corn silage daily. The grain concentrate consisted
of corn, oats, and minerals.

A summary of results for milk production of cows grazing alfalfa-ladino clover
pastures is presented in Table 1. Results obtained previously (1967-1969) with
alfalfa-bromegrass pastures also are included. Highest milk yields were obtained
with cows grazing pastures containing mostly alfalfa. In each case the average
milk production was comparable to that obtained in barn feeding experiments. High-
est milk yield for an individual cow has been 98 Ib. per day.

Mean lactation day for the milk yields presented in Table 1 was 145 days. The
experiments were initiated between May 1 and May 8 and terminated September 10.
Since declines in milk yield (persistency) were essentially linear and ranged be-
tween 0.13 and 0.17 Ib. per day, it may be concluded that an average of 45 to 55 Ib.
of 4°o fat corrected milk (FCM) will be sustained in cows on alfalfa pastures.

A major objective of this study was to produce high-protein forage. An analy-
sis of protein consumption is presented in Table 2, along with stocking rates and
amounts of supplemental feed eaten. It is noteworthy that slightly more than 1600
Ib. of protein were consumed on each acre grazed. Its value was estimated to be
$175. It is doubtful if a more economical system could be devised for harvest of
this amount of protein.

Bloat is a common problem in cows on legume pastures. In these studies,
poloxalene (the bloat-preventing surfactant) was added to the concentrate ration so
that each cow received between 10 and 20 grams daily. Bloat was not seen in any
cows.
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PERFORMANCE OF COWS ON VARIOUS PROPORTIONS
OF ALFALFA, CORN SILAGE, AND GRAIN CONCENTRATE

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

Today many of the nutrition problems encountered in dairy cows can be avoided
by feeding appropriate combinations of alfalfa, corn silage, and grain concentrate,
The results presented in the table below were obtained with groups of five to
seven Holstein cows milked twice daily for 305 days. Total protein content of the
diets ranged between 14,5 and 15.5% for the full lactation.

Lactation Performance of Holstein Cows

Feed Components,

Alfalfa

60

42

42

25

17

17

0

0

Corn
Silage

20

16

16

25

17

17

30

96

Percent
Grai n

Concentrate

20

42

42

50

66

66

70

4

Partition of
Protein, Percent

Forage

88

53

53

40

25

25

15

50

Concentrate

12 (corn)

47 (corn-soy)

47 (urea-corn)

60 (corn-soy)

75 (corn-soy)

75 (urea-corn)

85 (corn-soy)

50 (urea)

Production,
Milk

17,761

17,462

18,051

17,511

18,253

16,769

17,653

14,530

Ib.
Fat

524

575

626

650

623

602

498

546
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PROGRESS IN PELLETING ALFALFA FOR DAIRY CATTLE

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

Pelleting coarsely ground alfalfa promises to be one valuable method of pro-
viding this high quality forage in the overall approach to dairy cattle feeding.
Use of coarsely ground alfalfa pellets in feeds of dairy cows has merit. Jt has
high potential for meeting nutrient demands of the cow, especially protein and
vitamin A, and the mineral demands of rumen microbes, particularly in areas where
alfalfa is available and corn silage, a nutrient-deficient forage, is fed extensively.

Further improvement is needed in the cellulose digestibility of coarsely ground
alfalfa pellets. However, the process brings to the market a competitively priced
alfalfa protein, while providing a bonus in the form of several mineral nutrients and
carotene (the precursor of vitamin A). Moreover, pelleted alfalfa is readily adapt-
able to recent trends toward mechanized feeding of complete mixed dairy rations.

Studies have been underway at OARDC for several years on the use of alfalfa
processed in different ways as feed for dairy cows, measuring effects on total ra-
tion digestibility and milk yields.

In the initial experiment, studies were made of pellets pressed through a 3/4-
inch cylindrical die and cut about 1 inch in length.

Comparisons were made with freshly cut, third cutting, fie Id-chopped alfalfa
and with a conventional corn silage and alfalfa hay ration. These experiments
showed that the pelleted alfalfa made from fieId-chopped, dehydrated forage was
highly acceptable to the cows if 3 to 5 Ib. of hay were included in the daily ration,
Milk production was equally as good as that produced on the control ration and butter-
fat percentages were slightly less. The conclusion was that optimum milk yields may
be obtained by using the coarsely chopped pelleted alfalfa.

From the nutritional standpoint, cellulose digestibility was reduced to 4l,5'o
compared to 67,5°o for the control ration. However, daily feed intake rose to com-
pensate for the reduced digestibility. As a result, the average daily digested dry
matter intake was essentially the same with the pelleted forage and control rations.
The higher intake represented an additional ration cost.

The reduction in cellulose digestibility, even though it did not lower butterfat
percent significantly, is evidence that the forage in the 3/4-inch pellets was too
fine for complete cellulose digestion before passing from the rumen, Furthermore,
when the cows were first shifted to pellets as the sole roughage, they started eating
the shavings used for bedding and day-to-day feed intake varied widely. Thus it was
necessary to feed 3 to 5 Ib. of long hay daily. It is interesting that as little as
3 Ib. of hay had the desired effect of stopping the shavings consumption and irregular
feed consumption.

In current experiments, coarsely ground alfalfa pellets purchased from Ohio
Blenders in Toledo are being used. These pellets were produced from alfalfa ground
through a 3/8-inch hammermill screen and pelleted through a 3/8-inch die.

A two-lactation switchover trial is in progress with lactating cows. Alfalfa
is being fed either in the form of 3/8-inch pellets made from dehydrated alfalfa or



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

Source of Alfalfa

Alfalfa Pellets

Alfalfa Hay

No. of
Cows

6

7

Dry Matter
Intake
(lb.)

14,187

14,048

Milk
Produced

Ob.)

18,899

18,135

Milk
(lb.)

728

666

Fat

(*)

3.9

3.7

long-cut alfalfa hay as a partial source of the roughage. This experiment has been
underway for 1 year, About 25% of the daily dry matter intake is alfalfa. Another
25% of the dry matter intake is furnished from corn silage and 50% from grain con-
centrate. Records have been completed for a few 305-day lactations.

Milk yields and feed intake are reported in Table 1. On the basis of the high
milk yields, it seems obvious that the coarsely chopped alfalfa pellets (3/8-inch
chop) will effectively substitute for alfalfa hay in rations which also include a
substantial amount of corn silage. The presence of corn silage is important in
order to maintain normal milk fat test. It is noteworthy that normal milk fat per-
centages and high total milk fat yields were maintained for each cow. Feed intake
was commensurate with the high milk yields.
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ONCE-A-DAY FEEDING OF CALVES

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

Feeding milk to calves once a day reduces labor or allows the same labor to
care for twice as many calves. It also permits additional convenience in allowing
free determination of the time of day to feed. More important, calves seem to do
well when fed once daily. This system has been tested and proved successfully at
research centers in Great Britain, Indiana, Nebraska, Michigan, West Virginia,
Mississippi, Illinois, Minnesota, and New York.

The experiments in progress at OARDC are designed to determine if once-a-day
milk feeding may be used successfully with the high roughage feeding programs. To
date, 8 of 12 Holstein calves have completed 7-week feeding trials. Table 1 sum-
marizes results for calves completing the milk feeding period.

Growth was normal in both groups. Statistical testing for differences in
weight will be carried out on completion of the experiments. Once-a-day feeding of
the same amount of milk fed on a twice-a-day basis to the control group did not in-
crease the number of digestive upsets. In fact, another group of 43 calves fed
whole milk free choice from 3 days of age to 6 weeks on a once-a-day basis consumed
from 16 Ib. to 30 Ib. daily, an average of an extra 100 Ib. of milk. No notable
differences in number or severity of digestive upsets were observed.

In these studies, Holstein calves were fed up to 18 Ib. of milk daily for the
first 2 weeks, but were restricted to 12 Ib. daily after 2 weeks of age and weaned
during the 7th week. First milking colostrum from the calves1 dams was hand fed to
3 days of age. The extra milk was fed the first 2 weeks to meet the higher energy
requirements for maintenance previously observed in calves during this period.

TABLE "L—Body Weight Gains and Growth of Calves Fed Whole Milk to 7 Weeks of
Age When Fed Once Daily Compared with Twice-Daily Feeding.

Twice-a-Day Qnce-a-Day
Feeding Feeding

Milk eaten (Ib.) 455 439

Birth weight (Ib.) 90 93
Body weight at 7 wk. (Ib.) 155 150

Withers height at birth (cm.) 75 74
Withers height at 8 wk. (cm.) 85 84
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PALATABILITY OF PHOSPHATE SUPPLEMENTS

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

The objectives of these studies were: 1) to determine the acceptability of
mono-ammonium phosphate salts of different pH by dairy cows; 2) to determine the
absolute palatability of mono-ammonium phosphate, dicalcium phosphate, monosodium
phosphate, and limestone as free choice mineral supplements for dairy cows; and 3J
to determine the feasibility of including mono-ammonium phosphate and mineral mix-
tures containing potassium sulfate and magnesium suifate of limestone as sources of
mineral nutrient in grain concentrate for dairy cows.

Mineral Consumption. The weekly consumption of minerals was measured in this
study. Minerals were fed free choice to cows in two herds which were stanchion fed
grain concentrate and forage. One mineral only was fed per experimental period. In
this way absolute palatability was measured. The cows as a group had access to the
minerals 2 hours daily.

Approximately 50 Ib. of a mineral were placed in the mineral feeder at 7-day
intervals and weighed back at the conclusion of the 7-day feeding period. Two repli-
cations for each mineral were carried out in each experimental herd. Order of feed-
ing within replicates was randomized. Studied were dicalcium phosphate, pH 4.3;
mono-ammonium phosphate, pH 5.6; mono-ammonium phosphate, pH 4.1; monosodium phos-
phate, pH 4.3; and limestone. Mean results for all cows are shown in Table 1 in
terms of grams consumed per day per cow.

Mono-ammonium Phosphate Consumption and Meal Size. In this experiment, the
meal-by-meal consumption of concentrates with 2% mono-ammonium phosphate was studied
in a continuously monitored feed manger. Limestone and the mixture of potassium and
magnesium sulfate were also used. Ingredients in the grain concentrates are shown
in Table 2.

Grain concentrate (28 Ib.) was offered to each cow daily in two equal feedings
of 14 Ib. Forage, alfalfa hay, and corn silage were fed in a separate feed box. The

TABLE 1.—Daily Mineral Consumption for Dairy Cows Was Lowest for the Non-
calcium Phosphate Supplements.

Mineral

Dicalcium phosphate

Mono-ammonium phosphate (2)

Mono-ammonium phosphate (3)

Monosodium phosphate

Limestone

pH

4.30

4.14

5.62

4.27

alkaline

Average Standard Error
Daily Intake of Means

(g.)
92.8

24.2

16.0

32.5

80.5

16.8

4.4

3.3

7.7

11.4
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TABLE 2.— Ingredients Used in Grain Concentrates, Percent.

Ration No.
Ingredients

Rolled corn

Wheat Bran

Crimped Oats

Soybean Meal

Salt

Vitamin A

Monosodium phosphate

259

50.00

10.00

10.00

26.35

0.60

0.05

«...

260

50.00

10.00

10.00

26.35

0.60

0.05

....

261

50.00

10.00

10.00

26.35

0.60

0.05

2.00

272

50.00

10.00

10.00

26.35

0.60

0.05

— —

Mono-ammonium phosphate No. 3 (pH 5.6) 2.00

Mono-ammonium phosphate No. 2 (pH 4.1) -- 2.00 — 2.00

Dynamate (K2SQ4 + MgS04) -- -- — 1.00

Limestone 1,00 1.00 1.00

quantity of concentrate consumed and the number of meals made of the various concen-
trate diets were recorded for two complete test days. Results are shown in Table 3.

Some of these observations are noteworthy when compared with the most acceptable
diet containing monosodium phosphate and limestone. Meals were longest when the mono-
ammonium phosphate of pH 5.6 was fed. This was the case with spontaneous meals in
particular. In contrast, when low pH (4.1) mono-ammonium phosphate was used, meal
length and meal size were reduced to about one-half while the number of meals was in-
creased by more than 50 percent.

With MgSC^ and Î SQ̂  in the concentrate at the 1% level, the cows ate readily
the first day. However, on the second day both cows reacted and deviated from the
normal feeding pattern. One cow essentially refused to eat the concentrate, but
readily ate diet 261 (which contained monosodium phosphate and limestone) at the con-
clusion of the 24-hour period. The second cow consumed the concentrate, but as a
series of short gulping meals spread over a longer period of time.

Relative Palatability of Ammonium Phosphate When Fed in Combination with Mag-
nesium Sulfate. Initial selection of the concentrates was studied in this experi-
ment, including the choice of first bite and during a 20-minute period thereafter.
Thirty-four cows were offered the two diets, D-260 and D-272, simultaneously in 5 Ib.
lots at the morning feeding. The feed was placed in the manger quickly by the same
person. Alternate cows received the experimental diet (D-272) first and then the
control diet, so that one-half of the cows were offered D-272 first and the other
half D-260.
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TABLE 4. — I n Test of Rela t ive Payabilities, Host Cows Preferred Limestone-
Ammonium Phosphate Combinat ion Over the Magnes ium Sulfate-Phosphate Combina t ion ,

First Bite
Trial 1 TriaTT

Preference for
First 2 0 M i n u t e s___ __ 2

Number of cows preferring

1.

2.

3.

4.

Limestone-phosphate
supplemented

Magnesium sul fate-phosphate
supplemented

Ate both, preference not
discernible

Refused both

17

17

0

0

17

17

0

0

29

0

0

5

24

7

1

2

The cows were observed carefully and the feed chosen for the first bite was
recorded. Twenty minutes after the initial feeding, consumption of the two feed-
stuffs was observed and recorded. In the following week, the experiment was repli-
cated except that cows receiving D-272 first on day 1 received the D-260 first in
the second week,

No differences were observed in choice of first bite. In each case the cow ate
the concentrate first. This result is interpreted to indicate that odors did not
play a role in the relative unpal at ability of ration D-272. On the other hand, since
there was an overwhelming choice of D-260 over D-272 as the cows continued to eat
(Table 4) , it is suspected that the cows were differentiating the diets by taste.
The feed used in Trial 1 was prepared 26 days before use and that used in Trial 2
was prepared only 6 days before use.

It appears from these experiments that magnesium and potassium sulfate (MgS04
and 1(2804) should not be mixed in concentrates in which ammonium phosphate is used
as a phosphorus supplement. It also appears that the eating pattern o£ cows is
changed when mono-ammonium phosphate is fed as 2% of the concentrate. The net ef-
fect was to extend eating time of the concentrate. It is possible, therefore, that
dairymen using mono-ammonium phosphate may experience difficulty in getting the cows
to consume feed at the expected rate.
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LACTOFERRIN CONCENTRATION IN BOVINE WHEY DURING
MAMMARY GLAND INVOLUTION

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

Mastitis is the most serious management and economic problem in the dairy in-
dustry today. Because of the severe impact of mastitis on dairymen, mastitis re-
search has been an integral part of the total Dairy Science research program at QARDC.
One aspect of this mastitis research effort has been an investigation of the roles of
the various defense mechanisms of the udder in providing resistance to mastitis. One
of these defense mechanisms appears to be the milk proteins themselves, since some of
them are either bacteriostatic or bacteriocidal. Such a protein is lactoferrin, a
bacteriostatic, iron-binding whey protein under investigation at OARDC to determine
its role in mammary gland defenses.

As reported in Dairy Science -- 1971 (Research Summary 54, OARDC), it was ob-
served that lactoferrin becomes the predominant whey protein in the fully involuted
gland. Other researchers have shown that lactoferrin is a minor whey protein in
normal milk. Thus, as a result of interest in the role of the whey proteins in the
protection of the udder against mastitis and in view of the dramatic increase in
lactoferrin concentration in dry secretion, a study was made of the lactoferrin con-
centration in lacteal secretions at various stages of involution.

Samples of lacteal fluid were collected at the desired interval after drying
off, a whey preparation was made by acid precipitation at pH 4.5, and the lacto-
ferrin concentration was determined in the whey by electroimmunodiffusion (a quanti-
tative immunological assay for lactoferrin). The results of this study are shown in
Table 1.

These results show several interesting points in regard to the concentration of
lactoferrin at various stages of involution. First, it is apparent that lactoferrin
concentration in normal milk is quite low for all animals sampled and ranged from a
low of 0.04 mg. per ml. for cow 2043 up to a high of about 0.3 to 0.4 mg. per ml.
Second, lactoferrin begins a marked increase in concentration within 2 to 4 days
after drying off and the concentration continues to increase throughout the first 2
weeks of involution. In contrast, the volume of the fluid in the udder decreases
little until after the first week following cessation of milking. The lactoferrin
concentration maximizes at approximately 3 weeks after drying off for most cows.

The maximum lactoferrin concentration attained in the dry secretion from dif-
ferent cows varied markedly. Most cows reached a maximum concentration of around
20 mg. per ml. as shown for cows 2047, 2035, and 1982 in Table 1. However, a sur-
prisingly high lactoferrin concentration (Table 1) is attained in some cows as
shown for cows 2043 and 1970, reaching 99.0 and 118.5 mg. per ml., respectively.

It is interesting that the lactoferrin concentration declines prior to calving
as illustrated for cows 2044, 2047, and 1970. In all cows examined prior to calving
thus far, this decline occurred regardless of the maximum concentration of lactofer-
rin attained in the dry secretion.

These results suggest that the concentration of lactoferrin in the lacteal
secretion may indeed be related to the resistance of the gland to infection, since
the fully involuted gland is generally considered to be most resistant to mastitis
infection. This is the time when the lactoferrin concentration is at a maximum.
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It is also generally considered that the gland is quite susceptible to infec-
tion in the first few days after drying off and at calving. Both of these periods
are times when the lactoferrin concentration is low and the gland is undergoing a
good deal of stress, either from involution processes or colostrum formation and
initiation of lactation prior to calving.

In summary, it is apparent that lactoferrin undergoes marked concentration
changes in the lacteal secretion during different stages of involution of the mam-
mary gland. Lactoferrin appears unique among the whey proteins in that its concen-
tration changes roughly parallel the periods of resistance to infection in the mam-
mary gland. This relationship, together with the bacteriostatic properties of lac-
toferrin, suggests that it may indeed have a protective role in the mammary gland.

Through studies such as these, a better understanding of the role of the whey
proteins in the defense of the mammary gland against mastitis infection can be
attained. With a better understanding of the various defense mechanisms of the
mammary gland, it is hoped that a more integrated program for mastitis prevention
and control can be achieved which will make maximum use of these natural protective
systems in the udder. This would reduce the management required to attain control
over mastitis infections and at the same time provide more effective mastitis con-
trol.
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ANTI-BACTERIAL DEFENSE MECHANISMS OF THE BOVINE MAMMARY;
THE INTERACTION OF BOVINE LACTOFERRIN WITH BACTERIAL CELLS

F. L. Schanbacher* K. L. Smith, and L. C, Ferguson
Departments of Dairy Science and Veterinary Science

Bovine lactoferrin Is an iron-binding protein found in milk and other epithe-
lial secretions. It has been known for some time that lactoferrin is bacteriostatic
towards certain species of microorganisms, including gram-positive and gram-negative
bacteria as well as yeast. Thus, it has been suggested that lactoferrin may play a
role in the defense of the mammary gland against invading microorganisms.

The ability of lactoferrin to inhibit bacterial growth has previously been at-
tributed to its ability to tightly bind iron, and thereby make this essential metal
unavailable for microbial use* Although this suggestion provides an attractive hy-
pothesis with which to explain the mechanism of lactoferrin1s bacteriostatic action,
direct studies into the mechanism had not been made. Thus, studies were initiated
in this laboratory in an attempt to define the mechanism of lactoferrin1s bacterio-
static action.

It was noticed by earlier researchers that many physiological secretions which
contain lactoferrin also contain appreciable concentrations of lysozyme. Lysozyme
is an enzyme which destroys certain bacterial cells by digesting their cell walls.
It is a primary defense mechanism against infection for many tissues and fluids of
the body and is found in the milk of certain species.

The activity of lysozyme is enhanced toward certain bacteria in vitro if a
metal-binding agent is present. Since lactoferrin is a strong binder of iron, in
vitro experiments were performed to determine whether lactoferrin and lyzozyme may
function together, and thereby provide protection from bacterial infection of the
mammary gland.

The results of these studies show that with Micrococcus lysodeikticus, a gram-
positive bacteria, lactoferrin can specifically bind to the cell following partial
digestion of the cell wall by lysozyme. No binding of lactoferrin is observed in
the absence of lysozyme digestion. Only those protein preparations which contained
lactoferrin could show such binding to the lysozyme-modified bacterial cells. As a
result of the partial digestion of the bacterial cell wall by lysozyme and subse-
quent binding of lactoferrin to the modified cells, the cells were found to aggre-
gate.

These results suggest that lactoferrin and lysozyme may indeed function to-
gether to assist in the defense of the mammary gland. However, further investiga-
tion is required to determine whether the binding and aggregation of lysozyme-
treated cells by lactoferrin results in inhibition of bacterial growth or increased
susceptibility of the aggregated bacteria to phagocytosis. Enhanced protection of
the udder from infection would result in either case.

These experiments reveal new interrelationships between the milk proteins and
the anti-bacterial defense mechanisms of the udder. Thus, understanding is increased
of the integrated manner in which these mechanisms function to protect the udder from
mastitis.
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CHELATING AGENTS IN FEEDSTUFFS

D. L. Palmquist
Department of Dairy Science

In some areas of the U.S., chelating agents (organic molecules which bind di-
valent cations such as iron, magnesium, copper, and calcium) are being promoted and
sold on the basis of increasing mineral availability and feed digestibility. There
is some evidence that chelating agents may make certain minerals more available to
poultry. Chelating agents fed to lambs at 250 p.p.m. (parts per million) have been
shown to reduce feed intake.

During the past year, eight experimental chelating agents have been tested for
their ability to increase cellulose digestion and ammonia utilization by rumen micro-
organisms in 24-hour in vitro incubations. The chelators did not enhance these two
factors under any circumstances. It was postulated that chelators may have a greater
influence in animals fed a poor quality diet. They were tested in an animal fed a
corn cob-urea diet, with no beneficial effects noted. Again, they were tested in an
animal which had been adapted to a chelating agent by feeding 5 grams per day (50 to
100 p.p.m. in the rumen). No increase in cellulose digestion or ammonia utilization
was observed.

It was concluded that these chelating agents had no beneficial effects on rumen
fermentation, as measured by in vitro cellulose digestion and ammonia utilization,
when used in the range of 0 to 500 p.p.m.
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BARRIER COATINGS TO PREVENT POLYCHLORINATED
BIPHENYL (PCB) CONTAMINATION OF SILAGE*

L. B. Wlllett
Department of Dairy Science

Polychlorinated biphenyls or PCB's, also often called by their trade name
Aroclors (Monsanto),, have been recently in the news as nnewff chemical contaminants
found in livestock feed and subsequently in meat, eggs, poultry, fish, and milk.
The discovery of these compounds has caused considerable concern among those asso-
ciated with animal agriculture and considerable financial loss to those directly
affected by this contaminant.

PCB!s are a family of stable chlorinated hydrocarbons which upon analysis may
appear quite similar to DDT. They, like all synthetic chlorinated hydrocarbons,
are illegal contaminants of human food. PCBfs are chemically quite inert and are
not broken down by acids, alkalies, or corrosive chemicals* They have a high boil-
ing point and do not burn readily; they only vaporize. Thus PCBfs have the neces-
sary physical and chemical characteristics for persistence and accumulation in the
food chain.

Polychlorinated biphenyls were first described in the scientific literature in
1881 and commercial production was successfully achieved in 1930. Between 1930 and
1969, the USDA listed 55 different industrial or agricultural applications of PCB
compounds, many of which represented potential sources of environmental, food, and
feedstuff contamination. Some products which have contained PCB's include: elec-
trical insulating fluids, tires, printing inks, flame-retardant paints and fabrics,
carbonless self-duplicating paper, some insecticides, and concrete coatings. Inter-
estingly enough, PCB's were only discovered as an environmental contaminant in 1966,

A large number of silos in Ohio and neighboring states have been coated to
prevent leakage and erosion of the walls with a material containing PCBfs. The PCB
found in greatest quantities in these coating materials is Aroclor 1254. This PCB
material migrates from the silo coating into the silage. Then it is consumed by
and accumulated in the livestock. So the PCB residues can ultimately be deposited
in human food products produced by livestock fed the contaminated silage. If the
concentration of this residue exceeds the Food and Drug Administration's "adminis-
trative guideline," the product can no longer be marketed.

The mechanism by which PCBfs from Aroclor-containing coatings contaminate the
silage, and in turn the livestock, was originally believed to be only mechanical--
caused by flaking off of contaminated chips. It is not uncommon for these chips
to contain 5,000 to 10,000 p.p.m. (parts per million) of Aroclor. However, recent
work at the University of Kentucky has shown that the Aroclor in the coating mate-
rials is soluble in silage juices.

The replacement of contaminated silos with new ones would represent a consider-
able financial loss to dairymen and cattlemen. Therefore, studies are being con-

*Appreciation is expressed to the following organizations for their support of
this research. Action! Plastic Inc., Charlotte, Mich,; Ohio Milk Producers Federa-
tion, Columbus; Ohio Silo Company, Wooster; Silver Bros., Inc., Wooster; Standard
Dry Wall Products, Inc., Miami, Fla.; and United Cooperatives, Inc., Alliance, Ohio.
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ducted at the Ohio Agricultural Research and Development Center to determine how ef-
fective coating materials may be in preventing further PCB contamination of silage.
The results of the first trial are presented in this report.

Two lines of investigation were used in this study. A silo which had been
previously treated with a coating containing Aroclor 1254 was used as the major
structure. The silo was divided with sheets of Masonite into test sections, the
walls were wire brushed to remove loose material, and the surfaces were coated with
materials (Table 1) considered impervious to the PCB in the silo walls. Untreated
and wire-brushed test sections were left as controls.

TABLE 1.—Identifications, Principal Components,
Locations of Barrier Coatings Tested.

Principal Solvents, and Test

Coating
Numeral
I

II

III

IV

Coating
Type

Furfuryl

Vinyl

Epoxy sealer

Epoxy sealer
+

Principal Component
or Resin

Furfuryl alcohol
resin

Vinyl resin

Epoxy resin

Epoxy resin

Principal
Solvent

Isoprophyl
alcohol

Methyl
isobutyl
ketone

Xylene

Xyl ene

Where Tested
Silo Block
X X

X X

X

X

VI

VII

VIII

IX

XI

Epoxy topcoat

Epoxy sealer
+

Epoxy topcoat

Water epoxy

Thermoplastic
hydrocarbon

Hydraulic
cement

Vinyl sealer

Epoxy sealer
+

Water epoxy

Epoxy resin

Epoxy resin

Alky! aeromatic
hydrocarbon

Cement

Vinyl resin

Vinyl topcoat Vinyl resin

Epoxy resin
+

Epoxy resin

Cellosolve

Water

Kerosene

Water

Methyl
isobutyl
ketone

Methyl
isobutyl
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The silo was filled to the top of the experimental sections with chopped corn
(32% dry matter). Four months later, the spoilage was removed and silage samples
were collected at three levels in the silo and at five distances from the silo wall.
The samples were analyzed by gas chromatography (with electron capture detector) for
Aroclor 1254 in order to determine the effectiveness of the coating materials and to
determine the vertical and horizontal distribution of any PCB contamination.

In other studies, concrete silo blocks were painted with a coating which con-
tained Aroclor 1254. Then the blocks were recoated with the materials designed to
prevent PCB migration. These blocks were sealed in 55-gaJlon barrels of chopped
corn for 4 months. The silage was then sampled at three depths and at three dis-
tances from the blocks and analyzed for Aroclor 1254.

The results of the tests conducted in the silo are shown in Figure 1, In these
tests, all of the coating materials reduced the amount of Aroclor 1254 migrating in-
to the silage when compared to the untreated control. However, only coatings 1 and
VIII reduced the contamination level to below that of the wire-brushed control sur-
face. Statistical analyses to determine if the observed differences are significant
have not been conducted yet.

The reasons why coatings 1 and VIII provided the best barrier to the PCB are
not thoroughly understood. It is suspected that the solvents used in the other
coatings tested (II,V, IX) dissolved more Aroclor from the silo wall than the iso-
prophyl alcohol and water used as solvents in coatings I and VIII, respectively.
When Aroclor becomes dissolved by the solvent of a new coating, it can then become
a component of the new surface.

In all test and control sections, the majority of the contamination was detected
in the silage within 30 cm. (1 ft.) of the silo wall. Likewise, the concentration
of Aroclor was highest at the base of the silo. For an unknown reason, all samples
collected 1 meter (about 3 ft.) from the base had low levels of Aroclor.

The levels of Aroclor 1254 in the silages from the block experiments were not
as high as those observed in silage from the silo (Figure 2). The major reason for
this was that the coating containing Aroclor 1254 used on the blocks contained less
Aroclor than the coating used on the silo.

All but three of the coating materials reduced the quantity of Aroclor 1254
contamination of the silage to below that of the control block. Aroclor contamina-
tion observed adjacent to coating 1 was higher than the control level. This cannot
be readily explained, since this material reduced the contamination in the silo.
The solvents in coatings III and VII probably dissolved the Aroclor in the base coat-
ing and caused the increased PCB residue in the silage.

The results of this block study indicate that the thickness of the cover coat-
ing may be an important consideration when selecting a coating to cover PCB contami-
nation. This can be readily seen by comparing coating system III vs. IV and II vs.
IX. In both cases, the latter coating system included both a sealer and a top coat,
and the contamination was reduced. The differences in effectiveness between coatings
VI and VIII, even though they are greatly different in composition, may well be the
thickness of the coating, , Only a thin barrier was provided by a single coating of
VI, whereas a single coat of VIII was quite thick.

These studies have not provided enough information to recommend a particular
coating or type of coating to cover the PCB contamination in silos. These trials
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are continuing to determine how long the coating will remain bonded to the silo wall
and also to determine if the Aroclor will migrate through a coating when used con-
tinually.

The studies have provided information about some of the necessary properties of
a coating if it is to be used as an effective barrier to PCB residues. These
studies have indicated that it is not desirable to use a coating which contains a
solvent in which Aroclor 1254 is very soluble. It also appears that the coating
thickness influences the effectiveness of the covering.
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HOUSE FLY RESISTANCE ON DAIRY FARMS - 1971

R. E. Treece and J. A. Molineros
Department of Entomology

In an attempt to monitor the development of resistance of fly populations to
insecticides, house flies were collected at Wayne and Holmes county dairy farms
which had received wall sprays of residual insecticides for at least 2 consecutive
years. These flies were reared through a minimum of two generations in the labora-
tory before testing. The susceptible Wilson strain, which has been reared continu-
ously in the OARDC laboratory since acquisition from Rutgers University 3 years ago,
was used as control.

Flies were treated with 1 y] droplets dispensed by means of an ISCO Model M
microapplicator. Technical insecticides were diluted in acetone to the appropriate
dosages. Thirty flies, 4 to 5 days old, were tested per dosage with at least four
replicates. Mortality was recorded after 24 hours. The data were subjected to pro-
bit analysis and results are listed in Table 1.

The level of resistance to dimethoate was remarkably constant, whereas the vari-
ation in level of resistance to Rabon was large. The two fly populations tested with
Baygon were rather susceptible.

The only available comparisons between 1970 and 1971 resistance levels are pre-
sented in Table 2. A significant observation about Barn E is that in 1970 control
could not be achieved by dimethoate sprays because of poor sanitation. Because of
vast improvement in manure management in 1971, control with dimethoate was excellent,
and the resistance level of the flies did not increase appreciably.

TABLE 1 .--Susceptibility of Field-Collected Strains of the House Fly as Compared
to a Known Susceptible Laboratory Strain — 1971.

Strain

Dimethoate
50 Resistance

(yg./fly) Level

Rabon

50 Resistance
(pg./fly) Level

Baygon

50 Resistance
(vg./fly) Level

Wilson*

Barn A

Barn B

Barn C

Barn D

Barn E

Barn F

0.39

8.0

6.8

8.8

10.7

8.8

6.9

—

21

17

23

27

23

18

2.65

12.4

119.7

24.8

53.7

11.6

63.0

26.2

5 67.0

45 120.2

9

20

4

24

—

3

5

*Known susceptible laboratory strain.
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CORN SILAGE FOR DAIRY COWS

John R. Staubus
Department of Dairy Science

Each year Ohio dairymen seem to harvest a higher percentage of their roughage
as corn silage. There are a number of reasons for this trend.

1. Dairymen seem to prefer to raise corn rather than hay.

2. Green chopped corn ensiles well because it contains an adequate amount
of fermentable carbohydrates for acid production.

3. It is a high energy feed.

4. It is easy to mechanize both the harvesting and feeding of corn silage.

5. Harvesting some of the roughage as corn silage reduces the labor load
at hay-making time.

6. Stage of maturity at harvest time is less critical than in the case
of grass-legume forages.

Corn silage usually makes up only a part of the roughage supply. Most dairymen
have learned to use corn silage correctly under these conditions. When corn silage
makes up a major portion or the entire roughage program, significant changes are
necessary in dairy feeding programs to compensate for the nutritional inadequacies
of corn silage.

Good to excellent quality corn silage on a dry matter basis is approximately
50% corn grain and 50% medium to low quality roughage. In nutrient content, it is
low in protein, calcium, magnesium, and sulfur.

Dairymen considering the feeding of corn silage as the only roughage throughout
the year should consider the following points.

1. When corn silage is the only roughage produced, an adequate acreage of
continuous corn land is necessary. If crop rotations which include grass-
legume crops are desirable for erosion control, these forages should re-
main in the feeding program.

2. Eighteen tons of corn silage are needed to provide the roughage needed by
a Holstein cow for an entire year. If the older calves and yearlings are
to be fed corn silage, corn silage storage capacity should be increased
approximately one-third. Harvesting and storing such quantities of corn
silage create a peak labor load in September and October.

3. The ration of high-producing dairy cows should contain 13% to 14% crude
protein on a dry matter basis. Since corn silage contains only 8% to 9%
crude protein on a dry matter basis, the concentrate mixture formulated
to supplement a corn silage roughage program should contain at least 20%
crude protein. Even at such seemly high protein levels in the concentrate
mixture, medium to low-producing cows may receive inadequate amounts of
protein. When a protein deficiency occurs, cows tend to reduce their level
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of milk production and increase body condition. Adding 0.5% (10 Ib. per
ton) of urea to green chopped corn will solve some of this problem because
it increases the crude protein percentage of corn silage approximately
50% (12% crude protein on a dry matter basis}, A 14% crude protein, non-
urea- containing concentrate mixture is recommended to supplement urea-treated
corn silage.

Legume roughage contains more calcium, magnesium, and sulfur than grass roughage
or corn silage grown in the same field. Legumes contain so much calcium that, when
they provide the entire source of roughage, non-calcium-containing phosphorus
supplements such as monosodium phosphate are often recommended. When corn silage
makes up a major proportion of the roughage provided, calcium-containing phosphorus
supplements should be used and it may be necessary to add feeding grade limestone to
the ration. Supplemental magnesium is sometimes needed in dairy rations containing
large amounts of corn silage. Supplemental sulfur may be needed if both corn silage
and urea are used in dairy rations. Iodine-containing salt should be provided for
all dairy animals.

Gas-tight silos preserve 92% to 95% of the dry matter ensiled. Well-managed
conventional tower silos usually preserve 88% to 92% of the dry matter stored.
Tower silos lend themselves to the use of automatic feeding equipment. Silage
blowers, however, tend to limit the rate at which tower silos can be filled. For
these reasons, they are most useful in medium to small dairy operations.

Bunker silos, when well managed, preserve approximately 85% of the dry matter
stored. Surface spoilage depth is similar regardless of the total depth of silage
stored. Bunker silos can be filled and unloaded rapidly. Side-unloading wagons are
used to deliver silage to feed bunks. Bunker silos are used primarily in large
dairy herds,
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ARE SUPPLY CONTROLS FOR MILK REALLY NECESSARY?

Robert E. Jacobson
Department of Agricultural Economics and Rural Sociology

The surge in milk production is off and running, and the dairy industry is
starting to come to grips with the question, "Should we adopt a production control
program in order to protect producer prices?11 There's general agreement that the
industry has hit a milk gusher, and most evidence suggests that there will be even
more milk for a while. After dropping from a record 127 billion Ib. of milk produc-
tion in 1964 to 116.3 billion Ib. in 1969, production turned around and reached 117.1
billion Ib. in 1970 and 118.6 billion Ib. in 1971. Production in 1972 will be about
120.5 billion Ib. Beyond 1972, most factors (including feed prices, labor, herd ex-
pansions, and rates of increase in production per cow and decrease in cow numbers)
point to even more milk.

Complicating the situation is the continuing decline in per capita consumption.
In 1971, per capita consumption of milk and dairy products on a milk-equivalent
basis was 557 Ib., down about 1% from 1970. The slowed-down rate of population
growth is now barely offsetting the rate of per capita consumption decline. The
push in production combined with the consumption problem is leading to increased
Commodity Credit Corporation (CCC) activity in order to maintain the $4.93 support
level for manufacturing grade milk. CCC purchases of dairy products equalled 6.1%
of the milk supply in 1971, up from 4.9% in 1970, and purchases will likely amount
to 7.5% of production in 1972. As a result, net government costs of operating the
dairy price support program are becoming a more sensitive issue.

The combination of forces is telling the milk producer side of the industry
that something needs to be done, and that production controls may be the preferred
alternative. In Ohio, Grade A blend prices for milk testing 3.5% butterfat were a
record high $6,10 per cwt. in 1971, approximately 47% higher than the 1964 price.
Are production controls going to be necessary to maintain or enhance the $6.10 price?

There is wide agreement that the Class I base plan will not control the supply
of milk. Four reasons support this opinion.

1. Manufacturing grade milk constitutes 24% of the U.S. milk supply, and
Class I base plans don!t affect this milk.

2. The Federal order program, under which Class I base plans are author-
ized, extends to only 81% of the Grade A milk in the U.S.

3. There are 62 separate Federal order markets, and it is improbable that
all or most of these markets would act in concert in implementing Class
I base plans.

4. The price for excess milk in the Class I base plan cannot be lower than
the Class III market price. Since Class III prices are running nearly
$5.00 per cwt., and since $5.00 is higher than out-of-pocket costs of
producing milk, there is little to no incentive for producers under the
Class I base to cut back milk production.

The inability of current supply control mechanisms such as the Class I base plan
to limit production is pointing the dairy industry toward new types of control pro-
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grams. Primary among these is the plan that the National Milk Producers Federation,
(NMPF) is now evaluating.

Before outlining some details of the NMPF proposal, two hurdles conerning such
a proposal must be noted,

1. Any milk supply management program of the types envisioned will require
new enabling legislation in the U.S. Congress,

2. If Congress passes such legislation, a national referendum of milk pro-
ducers 9 requiring two-thirds approval by those voting, would be needed
to implement the program.

The major dimensions of the NMPF proposal can be spelled out quickly. Milk
producers would be given two price options: 1) not less than a 75% of parity price
support without production controls, or 2) an 86~90°o of parity price support with
production controls. Currently, the difference between 75% and 90% of parity is
about $1.00 per cwt.

If producers voted the higher price, then the supply management or base plan
would be implemented. Every milk producer in the U.S., Grade A and Grade B, sellinp
50,000 Ib. or more of milk annually (which is only about 135 lb. per day) would be
subject to the base plan,

The combination of: 1) an individual producer's history of marketings, with
2) a national quota would provide for 3) the individual producer's base*

1. History of Marketings: A history of marketings would be established for
each producer based on the amount of milk he marketed during the immediately pre-
ceding 3 years. For example, if the program was now in operation, the following
situation can be assumed for establishing the 1972 jbase for a Mr* Producer.

Year Rr̂ JfeQ̂ ĉ Jl ,MeL^e DaJ 1.-X ̂  ."* V-e£y.

1969 1,800 lb.
1970 2,000
1971 2,200

Average = 2,000 lb.
In this example, the 1972 history of marketings would equal 2,000 lb. In 1973,

the history would be based on the 1970-71-72 period, and so on. At the outset of
such a program, the history average would be determined in the first year only on
the preceding year's marketings, the second year on a 2-year average, and the third
year on a full 3-year average.

2. National Quota; The second step in assigning base would be up to the Sec-
retary of Agriculture. Each year, the Secretary would: 1} estimate U.S. milk pro-
duction for the coming year, and 2) estimate how much milk is actually required for
the commercial market and other priority needs. The national quota would be deter-
mined from these two estimates. For example, in 1972:

Estimated production for 1972 - 120 billion lb.
Estimated needs for 1972 - 114 billion lb.

National quota would equal ........ 114 billion ....... 1 ..... b»n .......... nr ......... ..... ̂  ............ . = 95%
120 billion lb.
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3. Base; The guota announced by the Secretary of Agriculture would then be
applied to each individual's history of marketings. For Mr. Producer with his 2,000
Ib. per day history of marketings, 95% or 1,900 Ib. would be assigned as base, and
all milk sold in excess of the 1,900 lb. would be defined as excess milk subject to
a penalty price. The base milk would enjoy the high 86-90% of parity support, and
monthly pay prices would be determined in the same way they presently are calculated.
The penalty price for milk over base would finally be at such a level as to discour-
age over-base milk production. This might require penalty prices for milk in Ohio
as low as $3,00 per cwt.

The average total cost of producing milk in Ohio has recently been about $5.40
per cwt. Approximately 60% of this cost, or $3.25, is out-of-pocket cost. Unless
the penalty price for milk is equal to or less than the out-of-pocket cost of pro-
ducing milk, there won't be a significant cut-back in milk production.

If the base price for Grade A milk in Ohio markets was $6,50 per cwt. , and a
price for over-base milk of $3.00 per cwt, was established, the $3.50 difference
would be remitted to the U . S . Dept. of Agriculture. The Department would use this
money to help pay for costs of the dairy price support program.

Many fundamentals and details are associated with a supply management program
such as NMPF is proposing. Thus far, only a general approach has been worked out
and many questions don't have answers yet. But some key issues can be discussed.

1. [t is intended that if the supply management program was approved in ref-
erendum, it would continue indefinitely until conditions indicated that a new ref-
erendum would be appropriate*

2. Bases would be transferable among dairy farmers wi th in the same state or
from a producer in one state to a producer in an adjoining s ta te*

3. New producers could acquire base by purchasing existing base or by building
their own base. To build base, the new producer's history of marketings would be
established at 50% of his marketings in his first year, and he would gradually build
his history until he was on the same basis as all other producers in his fourth year
of production.

4. Bases could acquire substantial values. A wide difference between the base
price and the penalty price would be the key factor in high base prices. However,
the 3-year moving average to be used in determining the history of marketings would
dilute base values somewhat because a producer could build rather than buy base.

5. It is proposed that the national quota be applied uniformly across the
United States. In areas where milk supplies are deficit, the feasibility and accept-
ability of such an approach is a real question.

In summary, it is clear that the dairy industry is going to be taking a hard
look at supply management proposals. The National Milk Producers Federation pro-
posal offers an initial model for discussion. But there is a general feeling of
reluctance to pursue the matter to a decision point at this time. As one co-op
manager mentioned recently, "We're going to have to reach a crisis before something
gets done." And current milk prices don't have many milk producers in a crisis sit-
uation. Even if everything gets into full running gear, the industry probably could
not expect: 1) Congressional legislation on dairy supply management before mid-1973,
and 2) a national referendum before mid-1974.
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