Mareh 1k, 1960

To the Graduate Council:

I am submitting herewith a thesis written by Myles Carpenter
entitled "A Study of the Provision of Trace Minerals for Suckling
Calves." I recommend that it be accepted for nine guarter hours of
eredit in partial fulfillment of the requirements for the degree
of Master of Science, with a major in Dairying.

B oL S

Wajor Professor

We have read this thesis
and recommend its acceptance:

Rr. L

Aceepted for the Couneil:




A STUDY OF THE PROVISION OF TRACE

MINERALS FOR SUCKLING CALVES

A THESIS

Submitted to

The Graduate Council

of
The University of Temnessee
in
Partial Fulfillment of the Requirements
for the degree of
Master of Seience

by

Myles Carpenter
March 1960



ACKNOWLEDGMENT

The author wishes to express appreciation to Dr. E. W. Swanson
who set up and advised this study, to Professor C. E. Wylie and other
Dairy staff members who made the study possible, and to Professor
Henry Andrews for his suggestions in the statistical analysis.

I X ey
e L LW T



TABLE OF CONTENTS

CHAPTER

I.
II.

III,

Iv.

moDUmQN....'Q....Q.O
REVIEW OF LITERATURE « ¢ o o « o 4 o »

Trace minerals in milk « « « ¢ « & «

Trace minerals in feedstuffs . . « .

.

Nutritional role of the trace minerals .

Substitution of skimmilk for whole milk
Supplements to skimmilk

e & & & 9 & &

.

cﬂlff“dingplmoootoooovoooooo

Supplementing ecalf rations with trace minerals

Summary

EXPERIMENTAL PLAN AND METHODS

Location . . .
Animals . . . &
Feed . « « ¢« & »
Records . « « &
Blood analysis .
RESULTS

o . w. % %

Weight gains . .

Inerease in height
Heart girth increases

.

e » o s &

at withers

L]

°

&

*® 8 o 0

e & & o

mcomtiono.0oooo

e & & & 5 " " " s e s 0

.

.

L

.

LI I I

L]

.

»




CHAPTER
IV, (continued)
Grain consumption
Hay consumption .
V. DISCUSSION . « « «
VI. SUMMARY o « « « » &
REFERENCES « « o s ¢ o »

iv

PAGE

3L
37
L6
53
55



LIST OF TABLES

TABLE PAGE
I. Concentration of Trace Minerals in Colostrum and Normal

MUK « s s s ¥ € 6 A s F ¥ K E S R ARG S O O N BTV b
II., Trace Mineral Content of Representative Forages and

R R R P e
III. Mineralized and Plain Starter Pormulas « « « « » o o s o o 27
IV. Average Body Weights of Four Groups of Calves Comparing

Skimmilk and Starter Supplemented with Trace Minerals 32
V. Average Withers Height of Four Groups of Calves Comparing

Skimmilk and Starter Supplemented with Trace Minerals 33
VI. Average Heart Girth Measurements of Four Groups of Calves

Comparing Skimmilk and Starter Supplemented with

Trace MANOFElS + ¢ s ¢ + s v 2 o s v b e s v 35
VII. Average Weekly Skimmilk Consumption of Four Groups of

Calves Comparing Skimmilk and Starter Supplemented

with Trace Minerals « « « « o o v « & ¢ v o o s o o 36
VIII. Average Weekly Grain Cmmptim of Four Groups of

Calves cenparﬁt Skimnilk and Starter Supplemented

with Trace Minerals « "« o« o o s « o o s o s o » o & 38
IX. Average Weekly Hay Consumption of Four Groups of Calves

Comparing Skimmilk and Starter Supplemented with

Trace Minerals « « « o o s o ¢ ¢ s ¢« s ¢ ¢ 0 2 & & 39



PAGE

X. Average Hemoglobin of Jersey and Holstein Calves Fed

Skimmilk and Starter with and without Trace Minerals

Supplements 0 15 Weeks of ABE o« o « « « ¢« s ¢ « o« o« &« L0
XI, Average Hematocrit of Jersey and Holstein Calves Fed

Skimmilk and Starter with and without Trace Mineral

Supplements to 15 Weeks of Age ¢ s ¢ o o ¢ ¢ s s ¢ o & Ul
XII. Average Blood Calcium of Jersey and Holstein Calves Fed

Skimmilk and Starter with and without Trace Mineral

Supplements t0 15 Weeks Of AZe o« « o « o o « o ¢ o o o U2
XIII., Average Inorganic Blood Phosphorus of Jersey and Holstein

Calves Fed Milk and Starter with and without Trace

Mineral Supplements to 15 Weeks of Age « « ¢« s » o« « ¢ U3
XIV. Average Protein-Bound-Iodine Blood Level of Jersey and

Holstein Calves Fed Skimmilk and Starter with and

without Trace Mineral Supplements to 15 Weeks of Age L
XV, Trace Mineral Requirements and Amounts Received From

Skirnmilk, Hay, and Starter by Dairy Calves at Three

toFour Weeks of ABe + « « o & s & ¢ ¢ s ¢« s s s o s s U9
XVi. Trace Mineral Requirement and Amounts Received from

Hay, Supplemented Skimmilk, Supplemented Starter

and Total for Dairy Calves at Three to Four Weeks

A v b b s N b s enshieenaess R



CHAPTER I
INTRODUCTION

The n:li;onln iron, copper, manganese, and magnesium are not
provided in optimum amounts by milk alonme for rapidly growing calves.
Since the calf eats very little hay or grain for the first three or
four weeks, trace minerals are frequently included in milkereplacer
formulas to insure an adequate intake. It has not been shown that
it is essential to add these minerals to the milk. It is possible
that addition of these minerals to the starter ration alone would
be sufficient for calves raised on the limited milk feeding plan.

If trace minerals could be omitted from the milk replacer, this
would simplify the formula and might result in greater stability of
vitamin A, or other essential nutrients, in the formula.

Whole milk, the young calf's natural food, is gemerally too
éxponsivo as a feed for calves. However, most nutritionists agree
that for normal growth a certain amount of milk should be fed (L2).
Many experiments have been conducted to find more economical and
efficient methods of raising dairy ecalves. Much progress has been
made in developing a milk replacer which would be practical for the
average dairyman to use. Feeding minimum amounts of marketable
whole milk and getting the calf to eat hay and grain at an early
age has been emphasized in more recent work. Hay and grain products
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are generally richer in the trace minerals than is milk.

The purpose of this investigation was to determine the need
for adding trace minerals to the normal feeds of calves raised by
a limited milk feeding plan, and to determine whether such minerals
should be added in the milk, in the concentrate or in both.



CHAPTER II

REVIEW OF LITERATURE

Trace minerals in milk, Although milk contains all reported
eggsential minerals, their concentration is inadequate when growing
animals are forced to exist on a diet of milk alome (24). With this
in mind, milk could not be considered a perfect food. The major
minerals, phosphorus, calcium, sodium, and chlorine are present in
adequate amounts in milk and will not be discussed since only the
essential trace minerals are the main subject of this study. These
trace minerals include, iron, copper, manganese, iodine, cobalt,
magnesium and sinc.

In an economical calf railsing program cologtrum could be fed
to new-born calves for a period of six to nine days. This is assum-
ing that extra colostrum is stored and used as needed. Only limited
data are available regarding the level of trace minerals in bovine
cologtrum. In a review by Archibald (2) it was reported that
eolostrum has a higher percentage of all trace minerals than does
normal milk, The level of trace minerals in colostrum and normal
milk as reported by Archibald is presented in Table I.

Today most calves are raised on a limited milk feeding plan.
After five to ten days the young calf is fed in place of whole
milk a milk substitute, genmerally a powder of skimmilk and other
milk produets which is reconstituted in water. Skimmilk powder is




TABLE I
CONCENTRATION OF TRACE MINERALS IN COLOSTRUM AND NORMAL MILKs

e A B A e S S SR S T

Mineral Colostrum Normal milk
_ppm

Cobalt 0036 .001

Copper +50 .13

Todine .12 0h

Iron 1.30 5

Manganese o1l .03

Zine 5.7 3.7

#Archibald, J, G., Trace Elements in Milk:s A Review, Part
II, Dairy Seience Abstract, 203 800, 19580



also low in trace minerals. However, pound for pound skimmilk would
have a higher percentage of trace minerals than normal milk because

the minerals are water-soluble and no minerals would be lost in the

fat which is removed in separation.

Archibald (2) reported that there is some relationship between
the trace minerals in feed and the trace minerals found in milk,

The cobalt in milk can be increased by adding a cobalt supplement
to feed. Iodine in milk can be increased to a great degree by add-
ing it to feed which the cow consumes. Iodine is generally higher
umﬁmm:w«u»w& areas. Manganese may be
inereased in milk by feeding a manganese supplement. Zine may be
slightly increased in the same mamner. Iron and copper show no
such response, although diets low in copper reduce the amount
normally present.

Trace minerals in feedstuffs. The only other source of trace
minerals among the natural feeds used in e¢alf raising is forages,
such as hay and silage or pasture, and common grains used to prepare
concentrate feeds or starters. The National Research Couneil (L7)
has published data which give the trace mineral level in various
toragoaa.ndgrdn. As a general rule hay crops are higher in
copper, cobalt, iron and magnegium than are the grain erops. Grains
contain a higher level of ilodine. With the exception of corn the
grain and hay crops have about the same level of manganese. Corn
is very low in manganese. The zine level is fairly constant in all
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ecrops. Table II shows the trace mineral level in several representative

forages and grains. Also the level of trace minerals in soybean oil
meal and wheat bren is shown as published by Morrison (LS).

Nutritional role of the trace minerals. The need of calves for
these trace minerals has been studied by several investigators
(8, 28, 36, 57). It is known that iron is an essentisl comstituent
of hemoglobin., Iron is also a constituent of the chromatin substance
of the body cells and is probsbly conserned in the oxidation-reduetion
processes ocourring within the organism (24). Knoop et al. (3k)
reported that calves on an exclusive milk diet developed enemia at
about 120 days of age, as evidenced by unthriftiness, retarded growth,
and low hemoglobin concentration. It was found that the addition of
iron slone to the ration did not prevent amemia., Several other
minerals were added to a milk ration, and it was found that a combina-
tion of iron and eopperwildprcmt anemia. Copper seemed to act
as a catslyst in the formation of hemoglobin according to Elvehjem
et al. as reported by Herman (2L). Knoop et al. (3L) prevented
anemia in ealves by feeding LOO mg. of iron and L0 mg. of eopper
daily.

Matrone et al. (k1) studied the iron and copper requirements of
calves on purified diets. They found that calves receiving no
supplemental iron became anemic and gained less than those on 30 mg.
and 60 mg. intake of iron daily. Thirty or 60 mg., of iron daily
were sufficient either to maintain normal red-cell volumes and



TABLE II

TRACE MINERAL CONTENT OF REPRESENTATIVE FORAGES AND GRASSES

Alfalfa and Soybean Wheat

Mineral light grass Alfalfa Corn Oats meal bran
hay hay
mg. per 1b.,

Copper 5.8 642 1.3 3.0 7.5 5.3
Iron 10L.0 108.0 1k.0  36.0 72,0 126.0
Iodine 055 .52
Manganese 17.7 23.5 2.7 19.5 13.6 51.0
Magnesium 1300.0 1450.0 770.0 860.0 1180.0 2700.0
Zine 7.7 8.9
Cobalt «068 +060 010 029




hemoglobin or to increase the hemoglobin of amemic calves from an
average of 5.4 g. to 8.0 g. per 100 ml, during 16-20 weeks. There
was no difference in hemoglobin between the 30 and 60 mg. inbake
levels. The percentage of iron utilized was 60 per cent of the

30 mg. and 30 per cent of the 60 mg. level. Without supplemental
copper, serum copper deecreased, but an intake of 6 mg. of copper
daily maintained it at a normal level., Bemmetts ot al. as reported
by Matrome (Ll) stated that a dally intake of 60 mg. of copper
prevented anemia in grazing cattle in Western Australia and maintained
normal hemoglobin and copper econcentrations in blood.

Thomas et al. (71) fed 100 mg. of iron per day to calves that
were moderately anemic. This caused an increase in the number of
their red blood cells and hemoglobin levels. Iron alone or iron in
combination with copper, cobalt, and manganese cured the anemie
condition in these young calves; whereas, copper, cobalt, and manganese
fed alone had no curative properties.

The role of magnesium in nutrition is not very well understood.
Magnesium deficiency may result in tetany (27). Huffman and Robinson
(27) observed tetany in calves showing normsl blood caleium values,
Later Duncan and Huffman (18) proposed that the tetany was being
caused by "hypomagnegemia.” The blood values reported for magnesium
by these workers showed a marked lowering when calves were fed a
milk diet. Moore gt sl. (L5) found that calves whish had low blood
magnesium developed gross lesions in the endocardium and blood vessels.



Thomas et al. (70) investigated a calf's need for magnesium

when being fed a semisynthetic milk diet. Milks containing approxi-
mately 0,001, 0.006, 0,011, and 0,022 per cent magnesium were used.
They were fed at the rate of 12 1b. per cwt. and furnished spproxi-
mately 0.06, 0.33, 0,60, and 1.2 g. of magnesium per ewt. per day.
Eight calves fed the lowest level of intake had a markedly reduced
rate of body weight gain, greatly reduced serum magnesium levels,
and died in convulsions at L3 to 80 days of age. At autopsy,
numerous small hemorrhages were found in the pericardium, endocardium,
pericardial sac and the auricular valves. The intermediate levels
allowed the calves to live but they grew at subnormal rates. Serum
magnesium levels were maintained for the first one or two months and
then gradually declined. The upper level of magnesium intake
allowed the most rapid growth, and serum magnesium was maintained
at normal levels for as long as seven months.
Huffman and Dunean (26) reported that there appeared to be a
relationship between metabolism of magnesium and the availability of
vitamin D. These workers reported that the ash and mineral values of
the bones indicated better calcium and phosphorus utilization due
to the ingestion of magnesium supplements. Thus, magnesium has an
antirachitie value. Becker, as reported by Huffmen and Dunean (26)
reported that oeMn magnesium compounds prevented or cured osteo-
maleia in ecattle.

Among the early symptoms of a magnesium deficiency in ecalves
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are irritability, nervousness, and anorexia (18). The animal
apparently temporarily blinded, will run into obstacles, or becoming
confused will turn in cirecles until its balance is completely destroyed.
As the convulsions become more violent, the calf may fall on its side
with the legs alternately rigidly extended and contracted. There is
frothing at the mouth and profuse salivation. Young calves seem to
be able to withstand several such convulsions but older calves usually
succumb to the first attack. To the aversge observer it is practically
impossible to distinguish between the form of tetany in ealves which
is associated with hypocalcemia and the tetany which is assoeciated
with hypomagnesemia. Blood samples must be analyzed to distinguish
between the two (18).

Low magnesium tetany generally does not oceur if a ¢alf's ration
includes roughage. Huffman, et al. (25) investigated the feeding of
magnesium carbonate and magnesium oxide supplements while feeding
whole milk. They found that 15 to 20 mg. of magnesium as magnesium
oxide per pound of body weight maintained plasma magnesium values
and prevented tetany. They also found that eight to ten mg. of
magnesium per pound of body weight maintained the magnesium plasma
levels. Thomas (69) also concluded that magnesium in hay and grain
was utilized more efficiently than magnesium supplied as magnesium
sulfate.

Manganese occurs in the body in traces and appears to be
necessary for normal repro;lﬁction in rats. Daniels and Everson (1L)
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found a high mortality in the young born from rats on a low manganese
diet, Titus et al. (72) reported that manganese added to a milk plus
iron diet resulted in hemoglobin regeneration. Thus, it appears that
manganese is associated with iron and copper in hemoglobin formation.
However, the exact role of manganese is not known.

There is a possibility that the organisms responsible for
digestion in the rumen may need a certain amount of manganese for best
results since it is known that manganese exerts an influence upon the
growth of certain organisms (57). Most hays have 20 or more parts of
manganese per million., The grains are lower with corn being expecially
low. The amount of manganese needed by calves has not been determined
accurately. Indiana workers (1) found that the growth rate of heifers
was depressed and sexual maturity was delayed on a ration having only
"8ix to eight parta} of manganese per million.

A deficiency of iodine causes metabolism disturbances and
hypertrophy of the thyroid gland. Only very small traces of iodine
are needed by animals (L6). The exact requirements for livestock are
unknown but a deficiency of iodine is not a problem in most areas of
the United States. Iodine is easily transmitted from the feed to the
milk, according to Maynard (43), and unless the soil is deficient in
iodine, the feed will contain enough. Supplemental iodine is generally
added with salt (53). In Wisconsin, iodized salt eontaining 0,015
per cent of iodine incorporated at a one per cent level in the grain
portions of livestock rations has been entirely effective in prevent-
ing goiter of calves (L8).
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Zine is another trace mineral which is found in both animal and
plant tissues. Experiments (65) with rats fed highly purified diets,
freed as thoroughly as possible from zine, have shown that traces of
this mineral are necessary for good growth and also for normal hair
development. Gilbert (23) stated that the rate of absorption of
carbohydrates and proteins from the gastrointestinal tract is
influenced by the concentration of zine in the diet. Zine has also

been found in the pancreas and in all commercial preparations of
insulin even though there is no relationship between zine and insulin
activity (60). Livers of young animsls have much more szine then
those of adults, suggesting a storage of the element in the young
animals before birth (23). It seems possible that a young ecalf
would not become deficient in zine before it was old enmough to
consume grain amd hay which provides ample zine (L7).

In the past few years it has been discovered through ecareful
investigations that a deficiency of ecobalt causes slow growth of cattle,
sheep, and goats in ecertain areas of the world (29). Keener, et al.,
(29) found that cobalt deficiency was sbout twice as common among calves
and heifers as milking cows. A young calf's need for ecobalt is perhaps
no greater than a grown cow's need, but an older animal eats a greater
variety of feeds and will have more chances of consuming the required
cobalt. Milk is known to be very low in cobalt (L7) and
if a calf is raised for several months on a milk diet,
there is likely to be a defieiency of cobalt inm its body.
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Cobalt is required by the bacteria in the rumen; however, nonruminants

require traces of cobalt, becsuse vitamin By, contains cobalt.,

They reported that a cobalt deficienecy did not appear to affect
nonruminants. Thus, one would question if young calves would need
cobalt sinece they do not have a functioning rumen for some time

after birth., However, with the limited milk feeding plan and the
encouragement of roughage consumption at an early age the dairy

calf begins ruminating at a very early age (67). Cattle or sheep
suffering from cobalt deficiency lose their appetite, become unthrifty
axid‘ emaciated, and may have a depraved appetite, especially a desire
to chew hair or gnaw wood. A deficiency of cobalt has been known

to cause amemia even though cobalt is not a part of the hemoglobin.
The feeding of excess cobalt will cause an inecrease in the level of
hemoglobin and red cells (29). Cobalt fed at a high level will cause
a toxic effect. Ely et sl. (19) found that if over LO mg. per 100 1b.
body weight were fed daily toxic effects were manifested in dairy
calves. Keener et al. (29) found that growing dairy animals eould
consume 50 mg. daily per 100 1lb. body weight without harmful effects.
A deficiency of cobalt can be corrected very efficiently and easily
by adding a small quantity of cobalt sulfate or cobalt carbonate to
the concentrate being fed. Dickey (16) reported that the addition
of one teaspoon of cobalt sulfate to one ton of the grain mixture
corrected the cobalt deficiency symptoms. Most roughages, unless
grown on cobalt deficient soils, furnish sufficient cobalt for the
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animals which consume them, Legume forage generally has more cobalt
than does grass forage (L7). A salt mixture containing one ounce of
cobalt carbonate per 100 1b. will generslly prevent cobalt deficiency
symptoms (L).

Substitution of skimmilk for whole milk. Workers in calf

nutrition have been striving to formulate a method to replace whole
milk efficiently in the ration of young dairy calves sinece the
earliest studies. In 1909 Savage and Tailby (59) showed that whole
milk eould be replaced by skimmilk, skimmilk powder and a "ealf meal."
Skimmilk and skimmilk powder gave better results than the "ealf meal."
Average daily gains were 1.53, 1.23, and 1,10 1b, respectively. Hay
consumption for these groups averaged 360.6, 370.L, and 324.8 1b,
respectively, to five months., The larger gains of the skimmilk-fed
calves can be partly attributed to the greater amount of hay consump-
tion than the meal-fed calves. These workers concluded that skimmilk,
although not equal to whole milk in nutritional value, was superior

to all other feeds. The gross chemical analysis of skimmilk showed
that it contained all the proteins, sugar, minerals, and water soluble
vitamins found in whole milk (37). It lacked the fatesoluble vitamins
and fat,

Today, reecnstituted skimmilk is used extensively in raising
dairy calves. Williams and Bechdel (7h) tried feeding skimmilk
powder and other synthetic rations in dry form. Their experiences
showed that liquid milk replacers proved better for calves than solid
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diets fed dry or as a slurry. Other workers (33, 58, 6lL) have
obtained very good results from feeding reconstituted skimmilk as a
part of the young calf's ration.

Supplementation to skimmilk. Many supplements to skimmilk have
been proposed by different workers. Mineral supplements have been
studied by some investigators (8, 18). Though most of these studies
have failed to evaluate conclusively the justification for feeding
mineral supplements to calvoi on a normal diet, the need for certain
essential elements has been established. After calves are old enough
to consume hay and grain the needed minerals will be supplied by
the hay and grain if they are of good quality (L6). Further work is
needed to determine a young calf's need for trace minerals and the
way in which they can be supplied.

Since skimmilk is practically free of fat, one would assume
that some form of fat should be supplied to a calf on skimmilk., A
dietary need for fat has been shown, but the amount required to make
normal gains has not been determined. A low-fat diet has been
successful for several mnigatora.('n). Cunningham and Loosli (13)
found total lipids in the plasma of all calves were low at one day
of age but rose in those calves receiving sources of fat as time
progressed. These workers suggested that body storage of essential
fatty acids at birth may be adequate to last a calf several months,
but dietary fat may be necessary during the first few days and this
could be supplied from the colostrum which a baby calf generally
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receives.

Supplementing a calf's ration with vitamins has been studied for
many years and it is still questionable if vitamins should be added
to natural rations. Phillips et al. (53) reported that vitamin A
and certain members of the vitamin B complex were effective in
preventing and euring nutritional scours. Other workers (20, 50, 51,
52) have conducted similar experiments and reported no benefit from
supplementing a ration with extra vitamins. In a study at the
University of Temmessee (66) there appeared to be no advantage from
adding vitamin A to reconstituted skimmilk., There was no significant
difference in blood plasma levels of vitamin A, liver storage of
vitamin A or in general health of the calves between the group
receiving vitamin A and those not receiving it. The type of ration
being fed is of major importance when one is deciding whether to
add vitamins., The blood level of vitamin A of the newborn calf is
known to be low (L2). If colostrum is fed for a few days, vitamin A
will be supplied in adequate amounts. If the young ecalf is put on
a skimnmilk diet at an early age, vitamin A supplement may be desirable.
Whole milk will generally supply adequate amounts of vitamin A, Vitamin
D ghould be added to a calf's ration if the calf is enclosed in a barn
without any exposure to sunlight (17). Vitamin D can be obtained from
hay, but a young calf will eat very little or no hay. Thomas et al.
(68) found‘ that a calf had to eat 1.5 lb, per cwt. of alfalfa or
its equivalent as alfalfa silage to avoid rickets. These workers also
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found that late cut forages contained more vitamin D than early cut
forages.

Another supplement which has received much attention during the
past decade is antibioties. The principle interest concerning
antibiotics for young calves has been their effect on growth, feed
consumption and efficiency, and diarrhea. In 1950, Bartley et al.
(3) reported that an APF concentrate containing aureomyein stimulated
the growth rate of dairy calves from birth to L2 days of age. The
incidence of calf scours was much lower in the aureomycine-fed ecalves.
Rusoff (56) reported that same year that aureomyein improved the
growth inte of calves, but his calves had received an APF concentrate
containing vitamin Byjp. His calves were 1l weeks old when the study
began. Aureomyecin inereased the growth rate of the calves over the
eontrol calves 60, 36, and 30 per cent after two, four, and six
weeks of the experiment. After 20 weeks there was no difference
between the two groups of calves. Loosli and Wallace (LO) reported
a growth response in young calves with crystalline aureomyein. The
aureomycin was fed in a milk substitute at the rate of 10.0 g. per
ton. The control calves gained 0.92 1b. and the antibioticefed
calves gained 1.11 1lb. daily for the first 8 weeks. These workers
also reported a significant reduction in calf scours.

Although aureomyein has been studied more extensively than
other antibiotics, terramyein, hygromyein, erythromyein, penieillin,
streptomyein, and bacitracin have been fed to calves. Terramyein
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has given good results in some experiments (30, 73). Both potassium
and procaine penicillin were found to depress growth rate (32).
Williams and Knodt (75) reported that the addition of a streptomyein
containing animal protein factor supplement to a milkereplacement
diet for calves did not increase the rate of gain in body weight or
in height at withers. Warner as reported by Reid (55) stated that
bacitracin fed at a level of approximately 100 mg. per day resulted
in an increase in body weight gains of 7.0 per cent., However,
bacitracin fed at levels of 10 to LO mg, per 100 pounds of body
weight dally appeared to be inferior to aureomyein. The results of
several experiments suggested that the age of animals or dietary
qualities associated with age were related to the amount of response
obtained from feeding antibiotics. It appeared that young animals
received the most benefit from antibioties. Bloom and Knodt (6)
observed that aureomyecin stimulated a greater gain in weight during
the first four weeks of life. Since a high vineidance of scours
is most cormonly observed during this period, it is not known to
what extent the growth response is indebted to the control of
microorganisms eausing digestive and other disturbances. Bartley
(3) suggested that the increased growth of calves during the first
seven weeks is stimulated as a result of antibiotics preventing
scours. However, Bloom and Knodt (7) reported an increased rate
of gain in treated calves over controls which were not disturbed
by diarrhea.



skimmilk or reconstituted skimmilk is fed for a period of approximately

8ix to eight weeks. By this time the calf is able to consume enough
concentrate and hay to maintain proper growth and health. Many
investigators have studied the level at which the milk should be fed
and also the length of time to feed it. In 1915, Lindsey (39)
reported substituting skimmilk for whole milk after two weeks and
continuing skimmilk feeding until the end of four months. Converse
(12) successfully raised 136 calves without any whole milk, The
calves were given colostrum for three days, then changed immediately
to skimmilk and continued on this ration for six months. In 1942,
work was begun by Converse (12) to find out how much earlier than
six months of age the ecalves could be weaned from skimmilk, After
‘weaning at 90 days of age proved satisfactory, weaning at 60, L5

and 30 days of age was tried. He found that calves could be weaned
at 30 days without any adverse effects. Knodt, et al., (33) fed
skimmilk for five weeks and obtained satisfactory results. Berry
(5) obtained results which indicated that calves could be weaned
from skimmilk at L2 days of agé. Conover (11) fed whole milk for
two weeks and then changed to reconstituted skimmilk which was fed
until the seventh week. The reconstituted milk was gradually
reduced and stopped at the eighth week. Skimmilk puwder. was then
fed as 30 per cent of the grain-mix until the calf was four months

19

Calf feeding plans. The most popular and economical contemporary
plan of feeding calves is the limited milk feeding plan. In this plan




of age.
It is generally recommended that the calf be fed milk at the rate

of 10 per cent of ite body weight daily. MeCullough et al. (Lk) fed
milk at the rate of 10, 1L, and 18 per cent of body weight. The
average daily gains to four months of age for these groups were 1,26,
1.42 and 1,50 1b,, respectively. Other experiments have been con-
ducted using much higher levels of feeding, but they did not conform
to the limited milk feeding plan. Fraser and Brand (22) reported
that a calf could be raised on 600 1b. of milk with weaning taking
place at the end of eight weeks. Davis and Cunningham (15) eoneluded
that calves could be raised to five months of age on calf meal and
150 to 300 pounds of whole milk. They fed a milk ration for two

. weeks and then reduced milk sharply and substituted calf meal.
However, the calves did receive a very small quantity of milk until
60 days of age.

In all the limited milk feeding plans grain and hay are offered
free choice to the calf at a very early age. As a general rule the
calf will begin to eat hay and grain at about two weeks of age or
even sooner in some cases. Grain is generally limited to four or
five pounds daily. The purpose of limiting grain consumption is
to promote consumption of the less expensive hay and to develep
the rumen at an early age. It is important that good quality hay
be fed to calves. Good quality hay will be consumed in greater
quantities and will also provide the ealf with needed minerals
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and vitamins A and D which the milk and starter may not furnish.
Supplementing calf rations with trace minerals. Jones et al.

(28) compared a calf ration supplemented with iron, copper, man-
ganese, cobalt, zine, and iodine with another ration containing
these trace minerals plus caleium, phosphorus, and manganese, certain
vitaming and aureomyein,

The quantities of trace minerals in elemental form supplied
daily in milligrams per 100 1lb. of body weight were 200 of irom,

20 of eopper, 20 of manganese, 10 of cobalt, 10 of zine, and 0.19
of iodine. These quantities were approximately 2.5 times the amount
of iron, copper, and manganese as fed by Herman (2L) to prevent
anemia in calves on milk alone., The nutritive value of the basal
ration was considered to be approximately optimal. Good quality
alfalfa hay and a calf starter were fed ad libitum beginning at
one week of age. The starter formula contained 22 per cent crudo
protein. Although the calves on both of the supplements grew at
significantly faster rates than unsupplemented calves on a basal
ration, the differences in feed consumption and officiency of gain
were not statistically significant.

Knoop et al. (3L) conduted an experiment to determine if milk
supplemented with iron and copper could serve as a complete feed
for calves. They fed LO to 60 mg. of copper and LOO to 600 mg. of
iron daily in the ration. Toward the end of the 255 day experiment
the calves tended to develop rickets. The difference with and
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without supplements were not marked in either the number of red cells
or the hemoglobin., The iron and copper storage in the livers of
calves fed milk alone was found to be 91 and 35 mg., while in calves
fed supplements these values were 359 and 550 mg, It is not known if
these high values of iron and copper in the liver are desgirable.

The National Research Couneil (L48) reported that many manufac-
turers of feed mixtures are directly adding potassium iodide as a
source of iodine. Iodine in mixtures is fairly stable, due to the
presence of starches and unsaturated fats. They concluded that a
salt mixture containing 0.0076 per eent of iodine, which has been
stabilized against loss of the iodine, incorporated into the grain
portion of the ration at the one per cent level will be sufficient
in supplying the needed iodine.

Thomas et al. (71) supplemented a calf ration with 100 mg. of
iron daily and found that anemia could be cured or prevented.

Other reports of supplementing cslf rations with only one
trace mineral to study the effeet it might have upon the well-being
of the calf have been made. These studies have been mentioned
previously in this review. Investigations in which more than one
trace mineral was added to a calf ration are very limited, and
merits more attention.

Summary. A review of the literature indicates that calves
should be fed trace minerals in order to maintain proper growth.
Milk, nature's food for baby calves, contains the essential trace
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minerals, iron, copper, cobalt, zine, iodine, magnesium, and manganese.
The amounts are so lows however, that on a whole milk ration there is
a deficiency of iron, copper, magnesium and manganese. In today's
limited milk feeding plans there is a chance that the calf's ration
will be deficient in trace minerals. Investigators have reported
that all of these trace minerals play a role in the nutrition of
calves., There has been a limited amount of work dealing with the
amount of these minerals needed and the way in which they can be
supplied to the calf. The possibility of furnishing the essential
minerals through forages and concentrates has been only partly
explored.




CHAPTER III

EXPERIMENTAL PLAN AND METHODS

Location., This study was conducted at the University of
Tennessee Agricultural Experiment Station at Knoxville and the

West Tennessee Experiment Station at Jackson. The study began in

June, 1958, and ended in January, 1960,

Animals, Jersey and Holstein calves were used in the experi-
ment at Knoxville and only Jerseys at the West Temnessee station.
The Jerseys at the West Tennessee station are referred to as W. T.
Jergeys and the Jerseys at Knoxville are referred to as U. T.
Jerseys. Each calf was assigned to one of four groups at two to
four days of age according to its size, altermating to keep the
groups as nearly equalized as possible at all times. The four
groups were fed plain or mineralized skimmilk and plain or
mineralized starter according to the following plan:

Group I. Plain skimmilk and plain starter formula

Group II. Mineralized skimmilk and plain starter formula

Group III. Plzain skimmilk and mineraliszed starter

Group IV, Mineralized skimmilk and mineralized starter

Each group at Knoxville consisted of 12 Holsteins and 10
Jerseys while the groups at Jackson consisted of 1l Jerseys. The
U. T. Jersey groups included three to four Guernseys or crossbreeds
per group which fit well into the Jersey groups because of their



size.

All calves were allowed to remain with their dams for the first
three or four days after birth to insure that the calf received
colostrum. The calves were then taken from their dams and placed
in individual pens in an enclosed barn. Bedding for the pens con-
sisted of oat straw and wood shavings. They were kept in individual
pens for the duration of the experiment to 112 days (16 weeks) of
age.

Feed. Colostrum and whole milk were fed the first five days
and on the sixth and seventh day the milk was gradually changed to
the experimental skimmilk., All calves were taught to take their
milk from a nipple pail. The dried skimmilk was reconstituted at
15 per cent in warm water. The amount of skimmilk fed daily was
10 per cent of body weight. The milk feeding schedule was made
out on the basis of the birth weight of the calf and the expected
growth rate. The maximum daily amount of milk fed to each ecalf
was 9.0 1b, for Jerseys and 12.0 1b. for Holsteins. The Jerseys
were weaned at 56 days of age and the Holsteins at L2 days of age.

The special trace mineralized salt used was "Hardy's Trace
Mineral Salt" mixed by the Hardy Salt Company, St. Louis, Missouri.
To this salt was added three per cent of ferrous sulfate which gave
a salt mix containing 0.68 per eent iron, 0.2L3 per cent manganese,
0.0032 per cent copper, 0.015 per cent cobalt, 0.007 per cent
iodine, and 0,005 per cent zine, The mineralized skimmilk was

25
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prepared by adding the special mineral mixture to non-fat dry milk
solids in such e ratio that 1.0 1b, of dried skimmilk contained
supplemented minerals equivalent to 22,0 mg. of manganese, 61.6 mg.
of iron, 2.9 mg. of eopper, 1.36 mg. of cobalt, 0.63 mg. of iodine,
and 0,45 mg. of zine. Aureofac D was added to all milk at a rate
equivalent to 50 mg. aureomycin per calf per day.

The mineralized starter formula was so prepared that each
pound was supplemented with 11.0 mg. of manganese, 30.8 mg., of ironm,
14,5 mg. of copper, 0.68 mg. of cobalt, 0.317 mg. of iodine, and
0,226 mg, of zine. All starter was pelleted to facilitate aceurate
consumption weights., All starter was fortified with 2500 units of
vitamin A and LOO units of vitamin D per pound. The formulas of the
starters used are given in Table III.

The starter was avallable to the calf at the time it was put
into the individual pen. The starter was clean and fresh at all
times and was considered palatable. The maximum amount fed per
calf was four 1b. daily.

Coarse chopped, green alfalfa hay or alfalfa grass mixed hay
was available to the ealf at all times beginning at the time the
calf entered its individual pen. Each calf was given free access
to clean water at all times. The water pails were riniod out daily.

Records. Records were kept of all milk, hay and starter cone-
sumption. Each calf was weighed at seven days of age and every
seven days thereafter to 112 days. At the time of weighing, height



MINERALIZED AND PLAIN STARTER FORMULAS

TABLE III

Ingredient !ﬂ.f;: ce:zt. of fermulqlm
Corn 35 35
Oats 20 20
Bran 10 10
Linseed o0il meal 10 10
Soybean oil meal 17 17
Molasses 5 5
Defluorinated phosphate 1 1
Common salt 0 8
Trace mineral salt 1 0
Vitamin A and D meal 1 8
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at withers and heart girth measurements were taken., Height at withers

was obtained by using a calibrated rod with a sliding arm on it,

A gteel tape was used in measuring heart girth. All measurements were

made by the men responsible for feeding the calves and were carried

out before the evening feeding. The calves were observed each day for

any abnormalities and a record was kept of all sickness and treatments.
Blood Analysis. Duplicate blood samples were taken from each

calf at one week of age and repeated each two weeks through the
15th week. Heparin was used in one sample as an anticoagulant and
the other sample was allowed to coagulate. Cell volume (hematoerit)
and hemoglcbin were determined on the fresh blood. Cell volume was
determined by filling a Wintrobe tube to the zero mark with blood,
centrifuging it at 3000 r.p.m. for 30 minutes, and then reading the
percentage of packed cells. Hemoglobin was determined by mixing
0.02 eec of blood with 10.0 ec of dilute ammonium hydroxide in a
colorimeter tube and reading transmittance in an Evelyn colorimeter
using a 5L0 filter. Hemoglobin was calculated from the formula,
X = %_9% gn. of hemoglobin per 100 ce of blood. The L values were
read from a table of corresponding transmittance values.

The blood plasma was analyzed for protein-bound-iodine (PBI).
The method of determining PBI was that of Brown (9) as revised by
Lennon and Mixmer (38) and modified for use with an Evelyn Photo-
electric Colorimeter. The blood serum was analyzed for caleium and
inorganic phosphorus. Calcium was determined by a modification of

the Clark-Collip (10) and Kramer-Tisdall Method (35). Inorganie
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phosphorus was determined by the Fiske and Subbarow Method (21).

Comparisons were made between the groups to determine the effects
upon blood cells, mineral elements and growth and development of
the calves. The analysis of variance (62) was used in determining
whether a significant difference existed among the various groups
in respect to body weight gains.



CHAPTER IV
RESULTS

Weight gains, The average weekly gains for the four ration
groups were determined separately for the Holsteins, U. T. Jerseys
and W, T. Jerseys. These are shown in Table IV. There were some
differences in gain among the groups but there was no noticeable
trend due to treatments. The averages of all groups on the same
ration were also determined. The total gains for the 15-week
period (7-112 days) were 121.7, 118.9, 125.1, and 121.6 1b. for
groups I, II, III, and IV, respectively. This shows that the
calves receiving plain skimmilk and mineralized starter gained the
mo-at. However, there was not a statistically significant difference
‘among any of the groups for the 15-week period (P =<,05). The
gains within the breed were compared with Ragsdale's stendard (5k).
The four Holstein groups weighed 249.7, 2h3.7, 2L7.3, and 251.3 1b,
at 16 weeks of age. Ragsdale's recommended weight is 243.0 1b,
at 17 weeks of age. At 16 weeks of age the four U. T. Jersey
groups averaged 183.5, 169.2, 178.0, and 169.5 1lb. with Ragsdale's
standard being 158.0 1b. at 17 weeks of age. These Jersey calves
were slightly heavier at birth than the standard weight which
Ragsdale has set forth. The four W, T. Jersey groups averaged
141.9, 155.9, 15L.6, and 1L8.3 1b. at 16 weeks of age. These
weights arc' somewhat lower than Ragsdale's standard and this is
probably the result of poor hay and starter consumption whiech will
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be discussed later.

The one-to eight-week weight gains are shown in Table IV. These
gains were used to determine if the calves receiving the supplemented
skimmilk gained any faster during the milk feeding period than did
the calves not receiving supplement, All of the calves on supple-
mented gkimmilk gained an average of 57.5 1b, while the non-supplemented
skimmilk calves gained an average of 57.1 1b, This difference was
not significant statistically (P =<.05).

The influence of the mineralized starter should have appeared
clearer after the milk feeding period which was six weeks for Holsteins
and eight weeks for Jerseys. However, the 8 to 16 week gains iere
in favor of the calveg receiving the plain starter. The calves on
plain and mineralized starter gained 69.0 and 65.1 1b., respectively.
The difference was not statistically significant.

Increase in height at withers. The average weekly height

meagurements are shown in Table V. The overall average inerease in
height was 6.6, 6.7, 6.7, and 6.5 inches for groups I, II, III, and
IV, respectively. No significant differences in total height
inereases among the groups were observed. The increases for the
four Holstein groups were 7.3, 7.0, 6.8, and 7.2 inches for the
15-week period. Ragsdale's standard shows an inerease of 7.l inches
for 17 weeks. The four U. T. Jersey groups increased 6.7, 6.6, 6.5,
-~ and 5.8 inches with Ragsdale's standard showing an increase of 6.9
inches. The W, T. Jersey groups increased an average of 6.0, 6.L,
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6,6, and 6,5 inches., The substandard height inecreases of the U, T.
Jergeys cannot be explained on the basis of this experiment, since
their weight gains were above the standard. OCne would expect the
We T, Jerseys to be below the standard in respect to withers height
since their weights were subnormal.

Heart girth increases. The average weekly heart girth measure-

ments and total increase are shown in Table VI, There were no
appreciable differences among the four combined groups. The total
increase for the 15-week period for growps I, II, III, and IV was
10.9, 11.3, 10.9, and 11.1 inches respectively. The inereases
within the breeds were compared with Ragsdale's recommended inereases
(k). The Holsteinsand U. T. Jerseys were equal to the standards,
but the W, T. Jerseys were slightly below the standard.

Milk consumption. The average total consumption of skimmilk
from the seventh day until weaning was L58.8, L57.9, L61.5, and
L56.6 1b. for growps I, II, III, and IV, respectively. The average
weekly milk consumption is presented in Table VII, Milk consump-
tion for the four groups should have been nearly the same since
the groups were equalized according to size at birth and their
milk feeding schedule was based upon the birth weight. With very
few exceptions milk was not refused by any calves.

Grain consumption. The total grain consumption for the
15-week period averaged 263.0, 271.1, 265.2, and 264.2 1b. for

groups I, II, III, and IV, respectively. Average grain consumption
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TABLE VII

AVERAGE WEEKLY SKIMMILK CONSUMPTION OF FOUR GROUPS OF

CALVES COMPARING SKIMMILK AND STARTER

SUPPLEMENTED WITH TRACE MINERALS

36

- Total
oup in weeks consump-
(Treatments) T 2 & 3 Y § #a
(1bs)
Plain skimmilk and
plain starter (I)
Holsteins 63:2 67.7 T2.3 766 79.7 B1.9 L1k
UsTs Jerseys LO.S5 U3.8 L7.h 50.9 Shi3 57.2 59.9 62,2 L16,2
W.Ts Jerseys 3h.3 L1l.1 LS.5 L9.0 52.5 56.8 59.2 62,0 L0OO.L
- All calves L5.7 50.7 55.0 58.7 62.0 65.3 59.5 62.0 L58.8
Mineralized skimmilk
and plain starter (II)
Holsteins  62.8 67.3 72.0 76.3 79.8 82.0 Lo, 2
UiT. Jerseys 39.6 L2.9 L6ikh 50,0 53.5 57.0 59.9 62,0 Lil.3
W.T, Jerseys 33.6 L2.,0 ULS5.8 99.3 52.8 56.5 59.7 62.1 L01.8
A11 calves L5.0 50.7 5kLe7 58:5 62,0 65.1 59,8 62.1 L57.9
Plain skimmilk and
mineralized starter (III)
Holsteins  62.4 67.0 72.3 77.2 80.7 82.7 Lh2.3
UsTs JQ!'”” hO.S hha2 h?os 51¢° Shih 5707 &oh 6261 hl‘hﬂ
WTe Jarﬂm 3306 h269 h6¢0 h907 53‘3 56-9 60.1 6201 hOh.é
A1l calves LS.1 51.3 55.2 59.2 62.7 65.7 60.2 62.1 L61.5
Mineralized skimmilk
and mineralized starter (IV)
Holsteins  62.7 €7.2 Ti.L 75.6 79.hL 82.1 L38.L
U.T. Jerseys Lo.L L3.8 k7.3 50.8 5Lh.l 57.2 60.0 62.0 ki8.6
W.T. Jerseys 32.9 UL1.7 L5.5 k9.0 52,4 56.1 58.8 61.L 397.8
All ealves hh39 50 8 Sho 5813 6169 6501 5943 6157 h56-6
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is shown in Table VIII. The Holitéins on an average began consuming
the maximum four pounds of grain per day during the seventh and
eighth week, The Jerseys were generally some three or four weeks .
older before they began consuming four pounds of grain daily. Grain
consumption for the W. T. Jerseys was lower than the consumption of
the U, T, Jerseys. |

Hay consuwmption. Hay consumption per group for the 15 week
peﬂod averaged 8L.L, 83.7, 86.7, and 90,5 1b. for growps I, IT, III,
and IV, respectively. The average weekly hay consumption is presented
in Table IX which shows that the Holsteins consumed considerable
more hay than the Jerseys. This would be expected because of size
and rate of growth. The U, T. Jerseys consumed more hay than the
We T. Jerseys.

Blood analysis. Only the Holsteins and U. T. Jerseys were used
in the blood studies. Bach blood sample was analyzed for hemoglobin,
eell volume, ealeium, inorganic phosphorus, and proteinebound-iodine.
Tables X, XI, XII, XIII, and XIV show the average values of hemoglobin,
hematoerit, caleium, phosphorus and protein-bound-iodine, respectively.
The tables show the average values for each breed on each of the four
rations. A summary is also pz;omtod of valueg for the calves
receiving plain skimmilk, mineralized skimmilk, plain starter, and
mineralized gtarter. In this summary each value was used in two
different groups. For example, a value for a ealf in group I would
be used in the plain skimmilk sverage and in the plain starter
average. The group average blood values are so close that there
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TABLE IX

SKIMMILK AND STARTER SUPPLEMENTED WITH TRACE MINERALS

AVERAGE WEEKLY HAY CONSUMPTION OF FOUR GROUPS OF CALVES COMPARING
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AVERAGE HEMOGLOBIN OF JERSEY AND HOLSTEIN CALVES
FED SKIMMILK AND STARTER WITH AND WITHOUT TRACE
MINERAL SUPPLEMENTS TO 15 WEEKS OF AGE

TABLE X

h %
Groups Age in weeks
(Treatments) o5y S % E 2 T ' s |
(g. per 100 mL.)
Plain milk and
plain starter
Holsteins 11.7 10.1 10.8 11.7 11.9
Jerseys 10.2 9.6 12,1 12.1 11.7
All c.l"ﬂ 11.0 9‘9 ll-h 11.9 11.8
Mineral milk and
plain starter
HOlﬂtcin' Dol 11.6 12.2 12,2 1205
JQ!'”” 10.0 2.0 11.5 12,3 12.2
All ealves 11.7 10.L 11.9 12,3 2.4
Plain milk and
mineral starter
HOlﬂhm 12.1 llos 11-3 11.5 1106 12.1
Jar”y! 10.6 9.6 1100 12.1 12-5 11.5
All calves 11.5 0.1 1.2 11.8 12,0 11.9
Mineral milk and
mineral starter
Holsteins 11.9 10,6 1l.k 11.6 11.6 11.5
Jar”n 10.7 9- 142 11.5 11.5 11.3
All calves 11.3 103 113 1.6 1.5 1.k
All plain milk
Holsteins 11.9 0.8 11.0 11.2 31.7 12.0
Jel'loyl 10.‘4 9.6 1008 1201 1203 11.6
All calves 1l.3 6 10.0 10.9 1.6 12.0 11.9
All mineral wmilk
Holsteins 12.5 11.8 1.1 1.7 1.9 11.9 12.0
Jerseys 10.Lk 9.7 9.5 10.7 11.5 11.9 11.8
All calves 11.5 10.9 10.4 11.2 11.8 11.9 11.9
All plain starter
Holsteins 12.5 12.0 10.9 11.5 12.0 12.2
Jer”y' 10.2 9-5 903 1108 12.2 12.0
All calves 11l.L4 10.9 10.2 1.7 12,3 12.1
All mineral starter
Holsteins 12,0 1.2 1.0 11.6 1.6 11.8
Jerseys 10.7 9.9 9.8 11.8 11.9 1.k
All calves 11,4 10.6 10,2 11.7 N8 1LY




AVERAGE HEMATOCRIT OF JERSEY AND HOLSTEIN CALVES
FED SKIMMILK AND STARTER WITH AND WITHOUT TRACE

TABLE XI

MINERAL SUPPLEMENTS TO 15 WEEKS OF AGE

il
Groups Age in weeks
(Treatments) . 3 536 7  j ¢ p . Aews ¢ i
(eell volume, %)
Plain milk and
plain starter
Holsteins 39.7 36,5 3L.s9 3B.Lh 36,3 36.0 371 37.6
Jerloy! 33.3 3105 31.1 3’4.1 37-8 38.14 3706 35o7
All calves 36.8 3h.2 3302 31&-8 3700 3701 3703 36‘7
Mineral milk
and plain starter
Holsteins h3.7 110¢6 365,4 39-0 38.8 3836 39.1 39.3
Jerseys 33.0 31.2 313 35.0 376 39.2 39.3 38.8
All ealves 38.8 3603 3!4.1 37.2 3802 38-9 39.2 39.1
Plain milk and
mineral starter
HOl'“mﬂ hl-7 38¢0 3’400 3605 3712 3703 3800 38-9
Jerseys 3ok 32,1 31,7 35.8 37.9 38,4 38.6 36.2
All calves 38.8 35.2 32,9 36.2 37.5 37.8 38.3 37.7
Mineral milk ,
and mineral starter
Holsteins  38.7 35.4 3L.0 37.2 36.2 37.0 36,0 36.7
JOI'“YI 3306 33.0 33.9 31105 36.7 3605 3506 3509
All calves 36‘11 3&03 3’400 3509 360’-‘ 3608 350 3603
All plain milk
Holsteins LO.7 37.3 3L.5 36.0 36.8 36.7 37.6 38.2
Jerseys 33.9 31.8 31.h 35.0 37.9 38.h 38.1 36.0
All calves 37.8 3&-7 33-1 35-5 37¢3 3705 37-8 3707
All mineral milk
Holsteins L1.2 38.0 35.2 38.1 37.5 37.8 37.6 38.0
Jerseys 33.3 32,1 32.6 3k.6 32.2 37.9 37.5 37.4
All calves 37-6 35.3 3’4.1 36.6 3h09 37-9 37&5 37'8
All plain starter
HOlmm hlo" 38'6 . 3507 37-2 37-6 3703 38.1 39"&
Jerseys 33.2 3.k 31.2 3b.6 37.7 38.8 38.5 37.3
All calves 37.0 35.3 33.7 36.0 37.6 38.1 38.3 138.h
All mineral starter A
Holsteins h0.2 3701 Bhoo 3609 3607 37.2 37.0 37-8
Jerseys 3.0 32,6 32,8 35.2 31.3 318 31 36
All ealves 3706 3’408 3305 36-1 37#0 3703 376] 3700




AVERAGE BLOOD CALCIUM OF JERSEY AND HOLSTEIN CALVES
FED SKIMMILK AND STARTER WITH AND WITHOUT TRACE

TABLE XII

MINERAL SUPPLEMENTS TO 15 WEEKS OF AGE

- -

i

v

Groups Age in weeks
(Treatments) R 5 7 9 R GBS
(mg. per 100 ml.)
Plain milk and
plain starter
Holsteins 11,6 11.0 12,6 109 10,9 11.8 12.3 11.7
J.rm 1.k 11,1 11.1 11.9 12.7 11.9 11.9 11.8
All calves 11.5 11.0 11.9 ll.h 11.7 11.8 12.1 1X:T
Mineral milk and
plain starter
Holsteins 12,3 11.3 11.7 iX.1 12,0 12.2 1105 1105
J‘r”y’. 11.0 1l.9 12.3 12.h 12.3 13.0 12.0 11.2
All ealves 11.7 11.6 12,0 11.7 12,1 12.6 11.7 11k
Plain milk and
mineral starter :
Holsteins A0 1243 13T 108 1186 1.8 123 1.
Jerseys Bd 13 BT N0 218 12,2 22,2 1.0
All calves 11.7 11.7 11.7 10,9 11.7 12.0 12.2 11.h
Mineral milk and r
mineral starter
Holsteins 148 16 N8 1 M0 16 1.8 113
J.l'!m 11.5 1206 1300 10.8 1101 11.9 12,0 12.0
All calves 11.7 l2.2 12.3 11,0 11.0 11.7 11.9 11.6
All plain milk
Holsteins NS 2.6 22,2 109 103 1108 12,9 117
Jerseys N4 3032 N4 1S5 120 123 12 1.8
All ealves 11.6 11,4 11.8 11.2 1.7 11.9 12,1 1.6
All mineral milk
Holsteins 12.1 11.5 11,8 11,1 1.5 1.9 1.7 1.k
-732'083'! 11.3 1203 1207 11.6 11.7 12-5 12‘0 11.6
All ecalves 11.7 11.8 12.2 ll.h 1106 if.d 11.8 11.5
All plain starter
Holsteins 12,0 1l:2 12.2 11.0 11-5 12.0 11.9 1106
J‘r”y. 1102 11.5 1107 12-2 12-5 12.5 12,0 1105
All Qﬂl“. 1106 1103 1200 1106 1109 12.2 1109 11'6
All mineral starter
Hols teins 119 119 118 11,0 113 11.7 122 1k
JO!‘IO” 11.5 12.0 120 10.9 11.5 12.1 12.1 1166
All ealves 11.7 11.9 12,1 1.0 1.k 1.9 12,1 1.8




TABLE XIII

CALVES FED MILK AND STARTER WITH AND WITHOUT TRACE
MINERAL SUPPLEMENTS TO 15 WEEKS OF AGE

AVERAGE INORGANIC BLOOD PHOSPHORUS OF JERSEY AND HOLSTEIN

Age in weeks
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mg. per
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Plain milk and
plain starter
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All calves
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AVERAGE PROTEIN-BOUND-IODINE BLOOD LEVEL OF JERSEY AND HOLSTEIN
CALVES FED SKIMMILK AND STARTER WITH AND WITHOUT TRACE
MINERAL SUPPLEMENTS TO 15 WEEKS OF AGE

TABLE XIV

Groups Age in weeks
(Treatments) e 5"&' SR e ey same
(meg. per 100 mi.)
Plain milk and
plains starter
Holsteins 507 5.6 5.2 hoh l‘o9 503 ho9 lb.é
Jﬁr'm 5.8 509 6-0 5.8 501 So3 502 5.7
All ealves 5.8 5.7 5.6 5.1 5.0 5.3 5.0 85
Mineral milk and
plain starter
Helsteins 5b9 6.0 5-7 h-6 502 505 5-3 h-e
Jﬂl‘”"l 500 502 h09 502 ho? 506 503 5;6
All calves Scs 507 503 haa 500 505 Sa3 Sal
Plain milk and
mineral starter
Holsteins hi? 5.9 6.2 llo9 506 9 5¢3 5-’4
Jerseys bS5 5.3 5.6 5.8 k.0 L.8 L.k L.8
All calves h.é 506 509 5.3 ho9 Sah h.9 5‘1
Mineral milk and
mineral starter
HOl'th 600 700 601 500 5.8 6011 503 503
Jﬂrlﬂﬂ ho? 5.3 hos h.ﬁ h.2 hoé lh? soh
All ecalves So’-l 6.2 506 h09 500 5.6 5.0 5.’4
A11 plain milk
Holsteins 5-2 5-8 5-7 ho.’ 503 506 501 5.0
Jerseys 5.2 5.6 5.8 5.8 L.6 5.1 L.8 5.3
Al]l calves 5.2 507 508 5.5 5.2 Soh 5.0 5.1
All mineral milk
Holsteins 6.0 6.5 5.9 LB 55 6,0 5.3 5.1
Jerseys 9 53 L.9 5.0 L.5 5.1 5.0 5.5
All ecalves 50,4 6.0 5.5 h-9 5.0 506 5.1 5.3
All plain starter '
Holsteins 5.8 5.8 5.5 hos 501 5.’4 501 ho?
Jerseys S8 5.6 585 55 W9 S5 53 5.7
All 001"' 506 5.7 505 500 5.0 5ah 501 501
All mineral starter
KOlmms Sch 6-5 6.2 5.0 5.7 602 5-3 Soh
Jer.e” ,‘96 503 5.2 5.5 h.l h.7 h.ﬁ 501
All calves 5.1 5.9 5.8 5.3 5.0 5.5 5.0 5.3
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was no indication that the rations affected the blood values. The
hemoglobin, hematoerit, calecium, and phosphorus values are comparable
to the normal values reported by Wise, et al. (78).



CHAPTER V

DISCUSSION

The results of this experiment have shown that it is not necessary
to add trace minerals to reconstituted skimmilk or to the starter
which is fed to a young calf. This was illustrated by several points.
The body weight gains of all groups of calves were nearly the same
which indicated that the calves were growing properly. The heart
girth and withers height measurements were also normal and were
practically the same for all groups of calves within the breed.
However, growth alone could be misleading where mieronutrients are
involved. For this reason the effects of the trace minerals on
the blood were tested directly or indirectly.

Hemoglobin level was used to determine if iron and copper were
available in sufficient quantities qince iron and copper have been
proven necessary for hemoglobin formation. The cell volume (hema-
tocrit) was determined to see if the presence of trace minerals
necessary for the production of cells was adequate. Both hemoglobin
and cell volume were high for the initial test and then about the
fifth week the levels reached a low point. From the fifth week
throngh the fifteenth week hemoglobin and hematoerit values remained
fairly constant. This is the normal trend (78).

Caleium and inorganic phosphorus of the blood were also deter-
mined to see if there were any relationships between the bloed




L7
caleium and phosphorus and the level of trace minerals. Protein-bound-
iodine levels were determined, but it is questionable if this test
was an indication of iodine nutrition (31). There was no significant
difference between the groups in the effects of the trace minerals
on the blood. The values were normal when coup&od to values found
by other workers (78).

Since these results have indicated no benefit from trace mineral
supplementation, and milk is known to be low in certain trace
minerals, an explanation of the lack of response should be sought.
The trace minerals are needed in very minute amounts, hence the
name trace minerals. With this in mind one should think of the
probable sources from which the calves received trace minersls. The
calf is born with a storage of certain minerals which are used
during the early life of the calf. Colostrum contains more trace
minerals than normal milk and the ealves used in this experiment
were given colostrum for two to five days after birth. During the
colostrum feeding period the calves probably received adequate
amounts of the trace minerals. The feeding of colostrum to young
calves is 2 recommended practice and should be encouraged since it
is not used for human consumption and is very nutritious for the
ealf,

The calves put on a reconstituted skimmilk diet without any
mineral supplementation at eight days of age continued to gain in
welght and remained healthy. Reconstituted skimmilk is considered
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to be low in trace minersls. However, it does contain trases of

thege nutrients as is shown in Table XV. These amounts are insufficient

when compared with the needs for normsl growth (L2). However, at
three to four weeks of age, a calf will consume hay and grain in
sufficient quantities to supply most of the trace minerals recommended
for normal health and growth. Until these minerals ean be secured
from hay and grain, the calves may have been using stored minerals to
support normal growth and hold blood values high, or there may have
been a considerable delay in the appearance of deficiency signs.

Table XV shows the daily requirements of trace minersls for a
100 1b. calf, the trace minerals received from 9.0 1b. of reconsti-
tuted skimmilk, 0.2 1b. of hay, and 0.8 1b. of starter. These are
the averages of the 3rd and Lth weeks' consumption at which time
the average weight of all the calves was approximately 100 1b. The
Holsteins weighed more and the Jerseys less than 100 1b. at these
ages.

It is shown in Table XV that a very small amount of hay and
grain will provide the needed amounts of trace minerals. Although
there was still a dietary deficiency of some trace minerals st three
to four weeks of age, by the fifth or sixth week the calves were
consuming enough hay and starter to over-supply the required amounts.
Actually the hay consumption had increased only slightly, but grain
consumption had inereased from 0.8 1b. to 1.4 1b. per day which was
the average of the fifth and sixth week.

Supplemented skimmilk supplied an ample amount of trace minerals.



TABLE XV

TRACE MINERAL REQUIREMENTS AND AMOUNTS RECEIVED FROM
SKIMMILK, HAY, AND STARTER BY DAIRY CALVES

AT THREE TO FOUR WEEKS OF AGE

Daily re- Amounts received from:

quirement

for 100 1b. 9.0 1b, 0.2 1b, 0.8 1b.
Mineral ecalf skimdlk hay starter

(mg.)

Iron 50.0 0.27 10.5 24,0
Copper 5.0 0.078 0.6 3.0
Cobalt 0.1 0.0006 0.006 0.24
Manganese 20.0 0.018 2.0 14.0
Zine 0.5 2.22 0.8 6.0
Iodine 0.2 0.02k4 0.0055 0,120
Magnesium 600.0 70.0 137.0 1000.0
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Nine pounds of reconstituted skimmilk containing 1.35 1b. of solids

were :upplenintod to furnish 85.0 mg. of iron, 3.8 mg. of copper,

1.8 mg. of cobalt, 30.0 mg. of manganese, 0.6 mg. of zine, and 0.8 mg.
of iodine, All of these amounts with the exception of copper are
above the recommended levels.

The supplemented starter, which half of the calves received,
provided even more trace minerals. The mineral supplement in 0.8 1b.
of supplemented starter furnished 2L.0 mg. of iron, 1.1 mg. of copper,
0.5 mg, of cobalt, 8.8 mg. of manganese, 0.18 mg. of zine, and
0.2l mg. of -iodine in addition to the minerals in the plain unsupple-
mented starter.

Table XVI shows the level of trace minerals which the calves on
supplemented skimmilk and supplemented starter received along with
the total amount received inecluding the amount received from hay.

It is readily seen that the amount received from either skimmilk or
starter alone was sufficient to provide the daily requirements.

From this study it may be seen that if good quality hay and
starter are provided, calves will receive their needed trace minerals.
Of course a calf must eat the hay and starter, but this is ne
problem when the limited milk feeding plan is used along with
palatable hay and starter. There may be a possibility that trace
minerals would be deficient on an unsupplemented ration if the calves
were being fed a maximum smount of skimmilk with rapid growth as
the objective. However, most dairymen are of the opinion that the



TRACE MINERAL REQUIREMENTS AND AMOUNTS RECEIVED FROM HAY,

TABLE XVI

SUPPLEMENTED SKIMMILK, SUPPLEMENTED STARTER AND TOTAL
FOR DAIRY CALVES AT THREE TO FOUR WEEKS OF AGE

S S S T T s T e

Daily Amount received from:

requirement 9.0 1b, 0.8 1b,

for 100 1b. 0.2 1b. supplemented supplemented
Mineral calf hay skimmilk starter Total

(mg.)

Iron 50.0 10.5 85.3 L8.0 1L3.8
Copper 5.0 0.6 3.9 L.l 8.6
Cobalt 0.1 0.006 1.8 0.7 2.5
Manganese 20.0 2.0 30.0 22.8 5L.8
Zine 0.5 0.8 2.8 6.2 9.8
Iodine 0.2 0.0055 0.8 0.k 1.2
Mm'i\m 600.0 137.0 70.0 1000.0 1207.0
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most rapid growth plan should not be followed in a calf raising plan.

The feed consumption was approximately the same for all calves,
thus the addition of trace minerals to the milk and starter had no
effect on feed efficiency. The appetite for hay might have been
increased by the mineralized starter since the average hay consumption
for the 15-week period was 8L.1 and 88,6 1b. for the calves on
plain starter and mineralized starter, respectively. The appetite
for starter could not be determined since the calves were limited to
four pounds per day, and this was eaten readily after about eight
weeks of age.

Since calves can be raised satisfactorily without supplementing
the skimmilk and starter with trace minerals, the feed cost and
labor will be less if the trace mineral supplementing is done by
the dairymsn only or those farms where it is known to be needed.

In areas known to be deficient in iodine or cobalt, only the needed
supplement should be added. In other areas, such as in Florida, a
more complex mixture of trace minerals may be necessary. There are
no areas in Tennessee which are known to be deficient in trace
minerals; therefore, calves can be raised in Temnessee on a ration of
plain skimmilk, farm-mixed starter unsupplemented with trace minerals,

and good quality hay.



SUMMARY

This experiment was conducted to determine if the trace minersls,
iron, copper, cobalt, manganese, iodine, and zine should be added to
a retion of reconstituted skimmilk, normal starter, and average
quality hay for young dairy calves.

A total of 1kl calves, 96 Jerseys and L8 Holsteins, which were
divided into four equal groups were used in this study. The study
was so designed that it could be determined if trace minerals should
be added to the skimmilk, to the starter, or to both. The four
experimental groups were as follows:

Group I. Plain skimmilk and plain starter formila

Group II. Mineralized skimmilk and plain starter formula

Group ITI. Plain scdimmilk and mineralized starter

Group IV, Minerelized skimmilk and mineralized starter

The ealves were on the experiment from one week to sixteen weeks
of age. Orowth rates were determined from weekly body weights, heart
girth and withers height measuremente. In addition, daily feed con-
sumption was measured and bi-weekly blood samples were snalyzed for
hemoglobin, cell volume, ealcium, hmrgmiq phosphorus, and protein-
bound-iodine,

There was no statistically significant difference in body
welght gains, heart girth or withers height measurements among the




Y

54
groups. The average total body weight gains for the four groups were
121.7, 118.9, 125.1, and 121.6 1b., respectively. This showed that
the calves receiving plain skimmilk and mineraliszed starter held a
slight edge over the other three groups in respect to body weight
gains.

The feed consumption of skimmilk, starter, and hay was practically
the same for all groups within the breed, which indicated that trace
mineral supplementation did mot affect feed efficiency. The blood
values of hemoglobin, cell volume (hematoerit), caleium, inorganie
phosphorus, and proteinebound-iodine were not affected by adding
trace minerals to either slimmilk or starter. These values were '
normal for all rations.

From this study it was concluded that supplementation of trace
minerals to the skimmilk or starter fed to young dairy calves was
not necegsary for normal growth and health of the calves.
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