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SOMB EFFECTS OF COBALT FEEDING WITH SHEEP

Interest in cobalt as one of the necessary trace elements
stems from the New Zealand work on *bueh sickness® done over a period
of several years and revorted in a series of articles in 1937, (1, 2,
3, 4) This work definitely established the need for cobalt by sheep
under the conditions found in New Zealand, The symptoms as revorted
in this work were similar to symptoms revorted in widely scattered
areas all over the world,

One of the earliest pieces of work reporting the symptoms now
generally recognized as those due to a cobalt deficiency was the result
of work done in northwestern Michigan and reported in 1909, (5)
Bmaciation, loss of apvetite, low water intake, depraved apvetite, con-
stipation, incoordination in gait, dry hard hair coat, and pale slimy
stomach membranes on vost mortem examination were the symptoms revorted.

This work is largely of historical interest., Treatment consisted
of dosages of raw linseed oil for three days followed thereafter by daily
dosages of a thin 1linseed gruel, The suggestion was made at the time
that the value of the treatment was due to a "softening effect on the
feed ball in the omasum,® It seems more logical, im light of the
present analysis of linseed for cobalt, that the beneficial effect of
the linseed was due to the cobalt present.

The Australian workers had revorted that cobalt was effective
in treating "coast disease® in 1935 (1) Jjust as the New Zealand work
was etarting, which was an important factor in leading the New Zealand

workers to study cobalt. Their work was of such a fundamental nature



that it deserves a brief summary here,

It was demonstrated that neither iron nor copver were beneficial
in preventing or curing “"bush sickness" in New Zealand, Certain types
of soil 1if fed or given as a drench prevented or cured the disease while
other soil types had no effect. A dilute HCl extract of the beneficial
soils gave as good results as did the whole s0il drench, If the soils
were firet ignited st low temperatures and then extracted with dilute
HOl, the extract was still beneficial, These facts, plus the Australian
revorts on cobalt, led these workers to suspect a trace mineral and
both nickel and cobalt were tried. In the group of 5§ control sheep, 3
died, and the other 2 lost weight for 120 days before they leveled out
and then started slight gains. In the nickel group, i died and the re-
maining 4 simply held their own, In the cobalt group, all the sheep made
steady increases in yeight 8o that at 230 days when slaughtered this
welight was nearly doudble that of the control group., The controls showed
the usual deficlency symptoms plus a low quantity of thim blood, liquid
in the abdominal cavity, and soft bloodless breast bones, The nickel
group had similar symptoms, but to a lesser degree; while the cobalt
lambs showed none. Later, a careful analysis of the nickel salt used
showed a 0,74 composition of cobalt, explaining the lessened symptoms,

These workers then checked the cobalt content of the soils that
had .been used as drenches and found almost perfect correlation between
the cobalt content of the eoll used as a drench and its success in pre- -
venting "bush sickness.," However, when the soils were checked in non-
~ afflicted areas as well as the afflicted ones, the soil picture was

somewhat changed. Several of the non-afflicted areas had a cobalt soil



content much lower than the afflicted areas, but all the afflicted
areas had soils with a low cobalt content. PFrom this the workers
concluded that the cobalt in the s0il was not a reliable guide, dut
that there were other factors affecting availability., Unfortunately,
this phase of the work was not continued,

A study was then made of the cobalt content of various internal
organs of the experimental lambs., The "sick" lambs had very low codbalt
content in the organs compared to those receiving a cobalt drench,

This was found to be the case in spite of the fact thst it had been
found that nearly all the orally administered cobalt was excreted in
72 hours and that at the end of 120 hours cobalt excretion was back to
pre-administration level,

The symptoms reported in New Zealand were similar to those found
in Canada on a group of ewes that were originally on a wool growth and
quality experiment. (6) The Canadian workers tried a mumber of supple-
ments including pasture, calcium, phosphorus, cod liver oil, tankage,
linseed meal, bran, and alfalfa meal to prevent and cure the unthrifty
condition of the ewes. The best results were obtained with alfalfa and
later with alfalfa ash, These facts, couvled with the New Zealand re-
port, led them to use cobalt as a supplement to their basal ration of
non-leguminous hay and oats. This entirely alleviated the unthriftiness
and resulted in an immediate increase in appetife. 2ain in weight and

" stronger healthier lambs than with those continued on the basal diet,

This was followed by a later viece of work to determine types

and levels of feeding. (7) The results from adding cobalt to the salt

and in giving 1t in a solution as a drench were the same, as well as the
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two levels of 0.73 milligram and 1.15 milligrams of elemental cobalt
per ewe per day. This work established the fact that cobalt wae needed
in only minute quantities in the ration,

The interest in this problem in Michigan was revived about 1939
and 1940 and resulted in a report by Michigan State College in 1941 (8)
on observed cobalt deficiencies in some Michigan dairj cattle. The
symptoms reported were similar to those usually revmorted for kgtosia
and phosphorus deficiencies. A urine check for ketones and a plasma
check for inorganic phosphorus eliminated these ﬁosstbilitios. Tollowing
the results of the Australian workers (9) which showed beneficial effects
with 1 milligram per day per sheep, it was decided to use 13 milligrams
of Co 012 per day per cow. The visible results were almost immediate
in increased apretite and milk production. However, hemoglobin re-
generation was slow and in some cases even showed a decline for awhile
after starting cobalt therapy. This is in line with the Wisconein work
with sheep. (10) fThe analysis of the hays of the afflicted farms in
Michigan showed only one=-third to one-half as much cobalt as those from
non-afflicted farms, Similar conditions had been revorted in New Hampshire
(11) and Scotland. (12)

Since the availability of radio active cobalt for tracer work,
considerable interest has been evidenced in excretion and tissue die-
tribution. Much of this work has been reported by the Florida and
Michigan groups. (13, 14) They found that cobalt solutions injected
into the blood stream appeared in large quantities in the urine while
that given orally was largely eliminated in the feces. In the latter

case large concentrations were found in the small intestine and intestinal



lymph glands suggesting a vossible absorption route. They seemed
inclined to follow the postulation of McCance and Widdowson (15)
that cobalt effects the microorganisms of the host rather than having
a direct action on the hoet in light of the latter's work showing
that cobalt injections with sheep were not curative. This postulation
was extemded by Thompson and Ellis (16) to the effect that the miero-
organisms effected were concerned with the aynthesig of the B vitamins
due to the fact that there was a great deal of sinilarity between the
cobalt deficiency and experimental produced B vitamin deficiency
symptoms.

4All of the work thus far reported has concerned itself with
definitely known cobalt deficiencies. The feeding levels to cure animals
that showed the visidle symptoms of cobalt deficiency had been established,
(7 ) The excretion studies (4, 14) had shown that the greatest portion
of the orally administered cobalt was excreted in less than 72 hours,
but the organ studies (3) showed some storage especially in the liver,
This storage lovolA would not be sufficient to last for an extended
time, however, on the bdasis of the lowest requirements of 0,73 milligrams
per day per ewe to effect a ocure as worked out in the Canadian work, (7)

Theres have been many cases in Michigan of growing and fattening
lambs that had below average gains and appeared unthrifty, and yet
showed no other visidle symptoms of disease or deficiency. As a
result, work was undertaken at this station to determine if there
might be a so~called " twilight sone " where there were no pronounced
effects of cobalt deficiency but where the use of codbalt therapy

would give benificial results.






OBJICTIVES
The work was divided into two phases with the specific
objectives 1listed below,
Phase one
Bffect of cobalt supplement with fattening laﬁba
as measured by:
1. BRate of gain
2, TYeed intake
3. Bffeciency of feed utilization
Phase two
Effect of cobalt supvlement with ewes and growing
lambs,
1. Possibility of increasing the codbalt
content of ewes milk
2. Effect qf such an increase on lamb growth
3. Effect on the hemoglobin level in the
lambs blood
Other problems related to these objectives were stu&iod
as they presented themselves
EXPERIMENTAL PROCEDURE
The experimental procedure éon-lsted of using ten late
lambs from the college flock and two lambs from an outside fleck,
They were paired ae to breed, condition, sex, and weight as closely
as possible. The lambs were placed in individual poﬁs. with those
to be fed a cobalt supplement placed to the east of the feed way,

and the control group to the west, to reduce the chances of any possible






errors in feeding. The ration used consisted of a mixture of U5%
ground corn and 55% ground clover hay, which on analysis showed
0.12ppm of cobalt, 4.11%4 ash, 13.10% crude fiber, 3.364 ether
extract, 11.75% crude protein, and 56.12% nitrogen free extract.

After vlacing these lambs in tndividual pens, thsy were
glven a light feed which was slowly increased as the lambs acelim—
enated themselves to the individual pens and the chonge from whole
to ground feed, The latter was used to enable a thorough mixing of
the grain and hay and prevent any s2lection of feed. TFecal examin-
ations taken during this veriod indicated that three lambs had a high
degree of parasitic infestation, so all twelve were wormed just prior
to starting the experiment. After fourteen days of graduslly increes-
ing the feed, it apveared that the lambs were on full feed.

The rations used for the lambs were based on Brody's
formula for basal metabolic requiremente in animals which is calories
(or amount of feed) per 24 hours ® a constant (70.5) times the
body Qeight in kilograms raised to a power (0.73)e (17) 1In this
experiment we used the body weight in oounds raised to the 0.7
vower based on Brody's statement, "While we emvloy the reference
base w°f73.... yet because of variations, we are inclined to drop
the second decimal (which gives the imvression of greater constancy
or precision than 1s justified by the variability of the data) and
suggest that We T ve adopted for the reference base for basal metab-
olism,® The lightest eating lamb within a pair was the controlling
factor in determining the ponstant. which was equal to

feed eaten per day « The dally ration for the pair mate was

body wt. in pounds 0.7



found by using this constant in the formula times thé body weight
in oounds 0. 7. The previous week's feed consumption was used as
a guide and the amount was increased as fast ﬁe the lambs would
take it.

The lambs were fed twice daily at 6330 A.M. and 4:30 P. M,
and records kent of their feed consumption., The feed not consumed was
not weighed bdack. If an animal did not clean uv the feed'frpn the
previous feeding, then in the subsequent feeding the ration was
reduced, |

The cobalt was fed at the rate of one milligram of elemental
cobalt per day as a solution of Co 012 sprinkled on the a.ftornoon
feed. The solution was made up so that there would be one milligram
of elemental cobalt per cc of solution.

Weights on the lambs were taken each Monday at 2:30 P.M. to
reduce the error from shrink and fill to a minimum.

in an effort to see if the cobalt was having any effect on
the rumen flora, rumen samples were taken weekly starting Jamuary 20,
1948, until the end of the experiment, On January 20 the lambs were
fed as usual at 7:00 A.M, The feed was removed at 10:00 A.M. from
pairs Nos. 1, 2 and 3 and the rumen samples taken at 2:00 P,M. This
was repeated on pairs Nos. 4, 5 and 6 on January 27, On February 3
the technique was varied so that a sample was taken at 8:30 A M.,
1} hours after feeding, and again at 2:00 P.M., after the feed was
removed at 10300 A.M. on the first three pairs., This was repeated on
the second three pairs February 10, On Pebruary 17 this latter
technique was used on all six pairs. The first pair of lambs were

not slaughtered, but were fistulated for further rumen work,

L
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The remaining ten lambs were slaughtered. They were given
a complete post-mortem check for any abnormalities or pathological
conditions, None were found except for lamdb 3 east that showed a
few lung worms and also numerous small greenish colored abscesses,
These often contained the lung worm Muelleriusg Canillaris,

Two 1amb? falled to respond to the conditions of the experiment.
Lambs U east and 5 west refused to eat the amount of feed consumed by
their pair mates. U east was a Southdown ewe lamb from the college
flock receiving cobalt, while 5 west was a grade Shropshire from an
outside flock used as a control. The 4 east lamb was eating just about
enough for maintenance until the last four weeks of the experiment,

5 west was eating enough to put on some gains, but they were low,

Data for the individual lambs are given in the apvendix in-
cluding 4 east and 5 west. For the above reasons 4 east and 5 west
are not included in the summary data., Their palr mates, 4 west and 5
east, consumed feed at a comparable level to the other four pair and

showed similar gain and are included in the summary data.

DISCUSSION OF RESULTS
Table I is 2 summary in terms of averages per lamb, The average
weekly gain of the cobalt lambe was 2,8 pounds as compared to 2,7 pounds
for the controls. To make these gains the cobalt lambs required 17,6
pounds of feed and the controls 18,5 pounds of feed. These combined
differences showed the cobalt lambe to be the more efficient, They
required O,7 less pound-of feed for a pound of gain having an average

feed intake of 6,2 pounds of feed per pound of gain as compared to 6,9



TABLE 1

Average Data per Lamdb

Cobalt Controls
Initial Weight per Lamb (Pounds) L. 9 51.7
Final Weight pe;r Lamb (Pounds) 84,7 89. 4
Average Gain per Lamb 39.8 37.7
Average Weekly Gaih per Lamd 2.8 2.7
Aversge Feed Consumed per Lamb 246.8 258.6
Average Feed per Lamb per Wesk 17.6 18.5

Avarage Feed per Pound of Gain

per Lamb 6.2 6.9



TABLE II
Data by Periods for 5 Pair of L ambs
Period Pair Gain . Pounds of Pounds of Feed
No. Feed per
Pound of Gain
9 T | B v B v

11/11 = 12/16 1 15.0 15,0 840 840 5.6 5.6

15 days 2 14,5 13.5 91.8 103.9 6.2 7.1

3 10,0 7.C 75.0 62.5 7.5 8.9

Y 13,0 12,0 642 840 k.9 7.0

6 9.5 10.0 63.8 64.9 7.2 6.5

Total® 62,0 57.5 383.8 399.3 6.2 6.9
12/16 - 1/20 15.0 11.5 97.1 94,2 6.5 8.2
35 days 13.5 -19.¢ 77.6 130.4 57 6.9

12,5 14,0 80.7 89.3 Bt 6.4
16.0 11.5 T77.2 90,0 4.9 7.9
12.0 16.5 78.1 85.0 - 6.5 5.2
Total® 69.0 72.5 40,7 u489.8 6.0 6.8

oW

1/20 = 2/17 1 15.5 1.5 847 847 55 5.9
28 days 2 16,5 18,0 120.5 120.6 7.6 T.0

3 11.5 7.0 758 T73.2 6.6 10.5

Ly 140 10.5 77.2 833 5.5 71,3

6 10.0 8.0 T.7 66.6 7.2 8.3

Potal® 67.5 58.0 uU29,9 2B M 6.4 7.4

¢ E(ast) lambe received cobalt W(est) lambs served ss controls,
** PpPair 5 not included in the totals. See page 9
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Week
Ending

11/18
11/25
12/2
12/9
12/16
12/23
12/30
1/6
1/13
1/20
1/27
2/3
2/10
2/17

Teed Inteke
sg oY
68.1 76.7
79.0 4.7
~ 13.6 78.1
80.6 gu. 4
g82.5 85.3
83.2  90.4
gh.5  92.9
97.3 103.6
90.8 101.3
91.9 101.7
102.7 109.6
103.8 111.6
10,5 109.1
94.7  73.5

TABLE III

Gain
E W
14,5  11.0
13.5 11.5
11.5 8.0
12.0  17.9
9.5 10.0
15.0  15.5
19.0 17.0
6.5 11.5
17.0  16.5
12.0 12,0
17.5 17.0
16.0  15.5
14,0 13.0
20.0  13.0

Y

Weekly Data For 5 Pair of Lambs

Pounds
Feed

B v
4.7 7.0
5.9 6.5
6.4 9.8
6.7 5.0
8.7 8.5
5.5 5.8
L4 5.5
15.0 9.0
5.3 6.1
1.7 8.5
5.9 6.4
6.5 7.2
7.3 8.4
4,7 5¢7

Difference
in Favor
of Cobalt

2.3
0.6
3.4

=1.7%*

=0, 2%*
0.3
1.1

-6.0*®
0.8
0.8
0.5
0.7
1.1
1.0

* E(ast) lambs received cobalt W(eet) lambs served as controls.

*® Indicates the control=lambs required less feed ner pound of

gain than the cobalt lamds
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TABLE IV

Cumulative Data For 5 Pairs of Lambs

Week Total Feed Total Gain Pounds of Feed Difference
Ending Consumption To Date per in Favor
To Date Pound of Gain of Cobalt
*E ¥ E W E W
11/18 68.1 76.7 14,8 11,0 4.7 7.0 2.3
11/25 147.1 1514 28.0 22.5 5.3 6.7 1.4
12/2 220.7 229.5 139.5 30.5 5.6 1.5 1.9
12/9 301.3 3139 5.5 U47.5 5.9 6.6 0.7
12/16 383,8 399.2 62.0 57.5 6.3 6.9 0.6
12/23 467.0 k4g9.6 76.0  73.0 6.1 6.7 0.6
12/30 551.5 582,5 95.0 90.0 5.8 6.5 0.7
1/6 64g.8 © 686.1 101.5 101.5 6.4 6.8 0.1
1/13 739.6 787.4 118.5 118,0 6.3 6.7 o.4
1/20 831.5 8%9.1 130.5 130,0 6.4 6.8 o.Uu
1/27 934,2 998.7 148.0 1u47.0 6.2 6.8 0.5
2/3 1038,0 1110,3 164.0 162.5 6.3 6.8 0.5
2/10 1139.5 1219.4 178,0 175.5 6.4 6.9 0.5
2/17 1234,2 1292.9 198.0 188.5 6.2 6.9 0.7

¢ PE(ast) lambs received cobalt W(est) lambs served as controle



pounds of feed per pound of gain for the controls,

Table I1 shows the data for five pair of lambs broken down
into three periods. The first two periods are thirty-five days long
and the third is twenty-eight days long. In the first two periods
the gains were nearly the same, while in the third the cobalt lambs
gained a total of 9.5 pounds more than the controls, This considerabdle
gain in the third period may be an indication that the body suvvlies
of cobalt were nearly exhausted and that the long éime effect of
depletion is beginning to show,

The wide fluctuation in gains and in pounds of feed per pound
of galn are shown in Table 111, These tend to be consistent as between
the two groups with both of them showiné the fluctuations in any given
week. In each case where there were low gaine in one week the pre-
ceding or succeeding week there were heavy gains, This variation may
be due to shrink, fill or water intake.

During seven of the fourteen weeks in the experiment the total
gains of the five cobalt and five control lambs were the same or less
than a pound apart. During five other weeks the cobalt lambs out-
gained the controls while the latter made greater gains in two weeks
as seen in Table II, It ig seen in Table IV that there was an average
difference of 1,9 pounde of gain per lamb or a total of 9.5 pounds
for the five lambs during the entire experiment. This difference was
accumulated in the last four weeks of the experinené.

It 1s entirely possible that during the first two periods the
control lambs had adequate stores of the mineral for good gains, but

that by the third period these stores were depleted to an extent to
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effect the rate of gain,

The average weekly feed intake of the cobalt lambs was
0.9 pounds less than for the controls as shown in Table I, 1In
Table I, the cobalt lambs show a lower level of feed intake in
the first two periods and a nearly identical level in the third
period. It was noted during the experiment that the control lambs
appeared restless and were often observed chewing on their feed
and water pails,

A study of Table III shows a gradual increase in the feed
intake of both groups during the entire experiment, Table IV shows
that the control lambes consumed 58,7 more pounds of feed than did
those receiving a cobalt supplement., A4ll of this increase in feed
consumption was in the first two periods.

In the third period when the feed 1§take of the controls
dropped to the level of the cobalt lambs a decresse in gain of the
controls resulted, It is possible that the control lambs were start-
ing to show the first signs of loss of appetite in the third period.
This poseibility 1s given support when one studies the numdber of
times that it was necessary to reduce the feed to the lambs, The
five cobalt lambs refused a total of 31,5 full feeds and the controls
32 full feeds over the fourteen weeks period. In the last four weeks,
or the third period, the cobalt lambs refused a total of 7 feeds
compared to 10.5 for the controls. The over-all picture shows little
difference in appetite, which is not in agreement with work with
steers at this station. (18) Broken down by periods, however, it

too gives support to the possibility that the control lambs had



reduced their body reserves of cobalt to such a level that the
first symptom of cobalt deficiency, loss of avnetite, was starting
to show.

The combination of elightly larger gains and lower feed in-
take combine to make the coﬁalt lambs more efficients This shows
up clearly in Table I. There were required 6.2 pounds of feed per
pound of gain for the cobalt lambs as compared with 6,9 pounds for
the controls. The cobalt lambs put on each pound of gain with 89,9%
as much feed as was required by the controlse

Table II shows that the cobalt lambs were more efficient in
each of the three periods In the first per}od they required 0.7
less pound of feed per pound of gain, 0.8 pound less in the second
period, and 1,0 pound less in the third periods, This too supports
the postulation that the cobalt reserves of the conirols were nearing
devletion,

Table III shows wide variation from week to week in the pounds
~of feed required per pound of gain, Much of this variation is
probably due to differences in shrink and fill. In only three weeks
did the controls prove to be more efficient than the cobalt lambs,

Por the week ending December 9 the controls required only five pounds
of feed per pound of gain. However, in the preceding week the coﬁtrols
required 9.8 pounds of feed to make a pound of gain. During the week
ending January 6, there was a prolonged period of sub-gero weathers and
also 1f we go to the vreceding week, we note that both groups showed

a high degree of efficiency.



After the week of Jamuary 6 the cobalt lambs made consistently
more efficient gains than the controls until the close of the exper-
iment. At time of slaughter the livers were removed and examined

for cobalt,

v

The cobalt confont of the livers on analysis tends to
confirm the postulation that the control lambs had severely devleted
their body reserves by the end of the experiment. The control lambs
had a range of 0,01 to 0.05 ppa of cobalt compared to a range of
0.08 to 0.17 pom in the cobalt group, or an average of 33 1/3% as
much cobalt in the liver as had the cobalt lambs,

| During the experiment the rumen samples obtained by the
technique of using a tube and_stomach pump at en 1sol§ted time, as
indicated earlier, did not produce consistant results. ixperience
with cattle indicates that such factors as differences in feed
intake, water coﬁaumption. and saliva dilution cause such great
variations in the bacterial counts as fo render them of little
¥alue. Noting this development in the lambs it was decided to
gave the pair 1 lambs for further bacteriological studies.

Although earlier fistulas with sheep had not proven

satisfactory, new surgical techniques gave vromise of success,
The lambe of palr 1 were fistulated, held off feed for twenty-four
hours, then started at one-third of a full feed with the east lamd
receiving cobalt, This was gradually increased over a three weesk
reriod until they were again back to a full feed, They were held
at this level for a week and then two series of half hour interval
samples were taken on March 24 and 26. These samples were taken

by removing the plug from the fistula, and inserting a pipette



up to a marked point to get the sample from the same area each time.
These samvles were taken at half-hour intervels from 8:00 A M. to
4:00 P,M. The lambs had access to feed immediately aftsr the

8300 A.M. eample and until 10:00 A.M. when it was removed. This

~ may account for some of the irfsgularitles noted in the forepart

of the curves in Graphs Ii and III. The lambs had access t6 water
during the entire sampling period. This probably caused a certain
amount of dilution of the rumen contents explaining why some of the
points 1lie well off the curve.

Theea curves show some differences between the two lambe,
the cobalt lamb had a higher total and protezoa count, and lower
iodophil and pseudo-yeast count. FHowever, the differences were
very small in most cases and the signifigance is not clear.

There was a consistant dilution effect during the time
‘the 1ambs had access to feed as shown by the drop in total count
in Graphs II and 11I. Then there was considerable rise in the total
count from 10:30 until about 12:30 wﬁen the fermentation rate
reached a maximum as indicated by the totsl count. After 12:30
the total count decreased until dy 3:00 P.M. it was at or belc;
the pre~feeding level,

Bﬁfore any other conclusions can be d;awn it ie necessary
to secure additional data in order to establish "regular® curves,

It 1e felt that fistulated lambs can be used for bacteriological
work over an extended period with the fistula techniques now used,
These two lambs are still living, six months after being fistulated,

and rumen samples have been secured on a variety of other feeds,
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These include rations of regular long-cut hay, a mixture high in

hay and low in grain, and grases,

EWES AND NURSING LAMBS
PROCEDURE ‘

The second phase of the work, that with ewes and nursing
lambs, was undertaken on the basis of Archibalds revort (19) that
oral administration of cobalt would increase the cobalt content
of cowg milk, Among nuising lambs ghere are usually those who
fail to thrive and gain properly . On this basis it was decided
to see if incressed quantities of cobalt introduced through the
milk would effect the rate of gain of the lamb,

The Hampshire ewe flock of the college waﬁ divided into
two groups prior to lambing on the basis of their previous lambing
record? in an ettemnt to secure, Qs nearly as possible, the same
nunmber éf lambes in each group. The cobalt was administered ag a
solution of CoCl, gprinkled on the grain at the rate of 100 milli-
grams daily per ewe, This level was used to insure, if possibdle,
obtaining an increased cobalt content 6f the evwes milk,

The lambs were weighed every two weeks until put on pasture
and then every three weeks until the first 120 day weights, They
were bled each welgh date and determinations of the blood hemoglobin
made in line with work showing some relationship between cobalt
and hemoglobin. (8, 10)

At each weigh date commosite samples of each groun of ewes
milk were obtained by taking 4O c.c., samples from each ewe and

mizing. In this manner a sufficient quantity of milk for anslysis



could be obtalned.

DISCUSSION :

The milk was analyzed for cobalt, copper and iron and the
data presented in Table V. The ewes raceiving cobalt had consis=
tantly higher quantities of cobalt in their milk., This difference
ranged from four to fifteen times as much. The drop in the cobalt
content of the milk was marked following the stooving of the cobalt
supplement and the placing of the ewes on vasture on May‘S. On
May 11, eix days after being placed on pasture, the cobalt ewes milk
showed a drop from 0.21 to 0.CY4 ppm of cobalt, and the control ewes
dropped from 0.05 to 0.Cl ppm of cobalt. After another six days the
cobalt content of the milk wes 0,01 pom in both groups. Thig shows
the very rapid decline in the cobalt content of ewes milk once the
cobalt s removed and the ewes placed on nasture.

There were fow differences in the copper and iron content
of the milk of the two groups with the one exception that the copver
content of the cobalt ewes milk showed a marked drop after being
placed on pasture.

The cobalt ewes gave birth to six pairs of twins, five of
which were raised to 120 day weighte. ’The control ewes gave birth
to four palr of twins, one of which was raiged to 120 day weight,

After the death of one lamb in a pair of twine the remaining
lamb was placed in the single group. The cobalt ewes had three
singles plus one remaining twtn to give the four singles shown in
Table ¥I, The control ewes gave biith to eix singles, one of which

died shortly after bdbirth, The three remaining lambs from the twins
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TABLE V

Analyeis of Ewes Milk

Date of
Sample pra Cobalt ppn Copoer pom Iron
Cobalt Comtrol Cobalt Control Cobalt Control
*3/15 0.30 0.C2 3.0 3.0 3.0 3.0
4/5 0.10 0,02 2.0 2.0 2.0 3.0
4/19 0.20  0.02 2.0 2.0 1.0 2.0
5/3 0.21  0.05 2.0 2.0 2.0 3.0
se5/11 0.Ck . 0.01 o.b 1.0 - 6,0 7.0
5/17 0.01 0.0l 0.5 1.0 2.0 2.0

® TFwes received first cobalt March &

*® Pwes placed on pasture May 5 and given no further cobalt
suppl ement



Lamb
Number
13

14

18

19

24
25
35

fueme

27
28

Average
Weight

.29

33
Average

Welght

Aze in Days
Birth 1L
12.5 21.0
11.5 18.90
9.0 13,0
9.5 14,0
8.5 13.5
8,0 15,0
9.5 19,0
10.0 17.0
10.0 14,0
10.5 15.0
9.9 16.0
9.5 - 17.0
8.5 17.0
8.0 17.0
11,0 18,0
8.0 17.0
9,0 14,0
12,0 24,0
10.0 18.3
7.0 10,9
11.0 16,0
6.0 18.5
12,5 20.0
7.0 14,0
9.0 19.0
10.5 20.0
9.0 18,0
9,0 17.0

TABLE VI
Nureing Lamb Weights

Twvin Lambs- Cobalt

28 4o 56 70
32,0 4.0 46.0 55.9
%5 3.0 38.0 U5.0
18,0 18,0 23.0 28.0
20.0 22,0 2490 32,5
18.5 17.0 23.5 33,0
2.0 24.0 2890 37.5

26.0 31,9 k.5 1.0
24,0 28,9 136.0 7.5

22.9 29.0 :

22,5 © 32.9 (Late Lambs)

22.9 27.2 3.4 W.2
Twin L ambs = Control

240 30.5 37.5 U430

24,5 32,0 Lo.0 u8.0

24,3 3.2 38,8 UK.
Single Lambs - Cobalt
29.5 0.5 Y49.5 59.5
27.0 3.0 U30 1.0
20.5 28.0 32,0 L40.0
36,0 U46.5 55.0 63.5

28.3 37.3 449 53.5
Single Lambs =~ Control
14,5 22,0 28,0 33,0
28.0 49,0 58,0 66.5
29.5 38,0 U450 53,5
25.5 29,0 35.0 U5, 0
20,0 26,0 36.0 LK. 5
26.0 5.5 46,0 54,0
71.0 2.0 50.0 58.0

26.0 39.0 53,0 (Lamb died)

25.1 35,1 U39 50,8

*Remaining lambs from a palr of lambs

gL 98
64.5 73.0
54.0  62.5
32.5 37.0
8.5 U43.0
40,0 46,0
4,0 4g.5
59.0 66,9
55.0 61.5
4g.5 54,7
ug.0 53.5
52.0 56,5
50.0 55.0
70.0 79.0
58,5 67.0
50.5 545
72.0 80.5
62.8 70.3
(Lamb died)
78.0 86.5
63,0 70.0
54,0 62.0
530 61.5
57.5 60.0
64,0 70.0
f1.6 68.3

120
85.0
13.0

- 435

5%.0
56.0
56.0

76.
71.0

63.7

62.9
63.0

62.5

86.9
78.0
56.0
99.0

79.8

96,0
gL, 0
74.0
72.9
63.0
80.0

78.1
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were added to give the total of eight singles,
Growth curves in Graph IV are plotted for ten cobalt lambs

_ against two control lambs in case of the twins, and four cobalt
singles compared to eight control singles. These curves show little
difference in the rate of gain of the two groups. However, in
both cases the cobalt lambs showed slightly larger average gainss
1.2 pounds per lamd in case of the twins and 1.7 vounds per lamb
in the case of singles,

It is interesting to note that the cobalt lambs raised
fourteen out of a possible fifteen lambs while the controls raised
eight out of fourte&n lambs,

The hemogldbin levels of these two groups of lambs present
some interesting differences, The control lambs all show a drop
in blood hemoglobin from the birth level of from 16,64 to 37.5%
This drop took two to four weeks to reach its low point, and an
additional two to three weeks to recover to the birth level, All
the lambs in the control group exibited this drop and recovery.

The cobalt group presented a much different picture. The
first two lambs in this grouon were born before the ewes had received
any cobalt. The curve of hemoglobin levels followed very closely
the patterns of the control group. The cobalt ewes started receiving
cobalt March 8 and a different pattern was noted within a week.

The hemoglobin level of these lambs dropped aporeciably less than
the controls, not exceeding 8.5%. This low point was reached
within a week instead of two to four weeks. The recovery

period was reduced from two to three weeks to one to two weeks,



In the case of the lambs born after the eves had been receiving
cobalt for three weeks, the lambs did not reach the low levels
of the control lambs. It is unfortunate that most of the initial
gamples of blood on this latter group were not secured until they
were eight to twelve days old. There may have been a slight initial
drop that does not show. However, these.first samples showed
hemoglobin levels of 10 grams or dbetter par 100 grams of blood
which corresponds favorably with the levels taken within 24 to
48 hours after birth, in case of the other group of lambs,

In 1ight of the Florida work with radiocactive cobalt (14)
i1t seems possible that at the high levels fed there was the vossibi-
lity that some cobalt was passed across the placenta to the fetus.
In light of the liséonsin work (10) showing anemia to be one of
the results of cobalt deficliency it seems vossidble that the cobalt
passed across the placenta in some way affected the hematopoietic
centers to stimulate the early production of red blood cells to

prevent the early anemia of lambs,

SUMMARY AND CONCLUSIONS

On a ration of 454 corn and 554 hay, there was little dif~
ference in the rate of gain between lambs receiving one milligram
of elemental cobalt daily and their paired controls. The cobalt
lambe had a lower feed intake which resulted in a higher degree of
efficiency of feed utilization. The differences in total gain in
favor of the cobalt lambs were all accumulated in the last four
weeks of the experiment. _In this latter period the feed intake of

the controls dropped appreciably. The differences in the pounds
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of feed required per pound of gain increases throughout the experiment.
During the early stages, the control lambs consumed equal or greater
quantities of feed than the cobalt lambs. 1In the latter stages the
feed intake of the controls declined. This lends suvvort to:the
idea that the deficliency does not anpear until most of the body
reserves of cobalt are utilized. 1In short Ferm feeding of less than
ten weeks, one of the functions of cobalt was to increase the efficiency
of feed utilization whilevin longer feeding work it not only ailded
in efficiency of feed utilization but hélped to maintain the feed
intake.

The rumen work showed rather consistent curves in terms of
total count of the microorganism&. The peak mumber of organisms
occur about two and one half hours after the feed was removed and
it then takes another two and one half hours to return to the pre-
feeding level. The variation in the protoza, iodophil, and pseudo-yeast
counts was not consistent and the signifigance was unknown,

The work with ewes and nursing lambs shows that the cobalt
content of the ewes milk was increased from four to fifteen
times over that of the controls in a week; time. The ewe main-
tained thie high cobalt level of the milk as long as she received
supplemental cobalt. When the mineral wag removed from the ration
the cobalt level of the milk dropped to the control level in twelve
days. This increase in the cobalt content of the ewes milk did
not increase the rate of gain of their nursing lambe.

When the ewes received large quantities of cobalt for at least



thirty days prior to lambing, the early decline in the hemoglobin
level of the lambs iae materially reduce& or even eliminated in
some cases, In light of other recent work, it seems that sufficient
cobalt can be passed across the placenta to cause a stimulatioﬁ of
the hematopoietic centere to prevent the early anemia of lambs,

The resulte of this experimeant would indicate the need for
further work to determine whether a control group of lambe, once
they show signs of losing appetite, and a decreasing degree of efficiency,
can have their anpetites stimulated and their efficiency 1ncre§sed
by adding cobalt to the ration. Murther work with high cobalt
levels to swes for at least thirty days prior to lambing is indicated
in order to study the possible effects on the nursing lamd dy

preventing early anemia,
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