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T HAS long been known that copper is

an essential mineral element in the
nutrition of animals. The fact that exces-
sive amounts of copper are poisonous is
widely recognized, too. A review of pub-
lished reports, however, indicates that the
level in the diet at which copper begins
to become toxic and some of the effects
of toxic levels upon particular species are
not so well known.

Boyden, Potter and Elvehjem (1938)
reported that 500 or more p.p.m. of copper
or at least 100 times the normal intake is
necessary to cause toxicity in rats. Kauf-
man el al. (1952) observed a moderately
toxic effect when 0.1 percent CuSO,-SH.0O
(approximately 250 p.p.m. Cu) was in-
cluded in the diet of rats for eight months,
but not when it was included for only
three or four months.

Cunningham reported, (Chilean Nitrate
Educational Bureau, 1948a), that doses of
copper sulfate of 80 grams or less were
not poisonous to yearling heifers or to
adult cows, but that a single dose of 400
grams was lethal to all cattle. The average
lethal dose ranged between 200 and 400
grams.

Barber ef al. (1957) fed diets containing
0.1 percent CuSO,-5H:0 (approximately
250 p.p.m. Cu) to swine and observed no
ill effects, but when the level of CuSO,-
5H,0 was increased to 0.5 or 1.0 percent
there was a rapid depression of appetite

! Present address: Lindsey-Robinson and Com-
pany, Roanoke, Virginia.

? Present address: Johns-Manville Corporation,
Manville, New Jersey.

and reduction of growth rate. When the
larger quantities of added CuSO,-5H.0
were reduced to 0.1 percent or were omit-
ted, growth was resumed satisfactorily.

Hinshaw and Lloyd (1930) added
CuSO,-SH;0 to the drinking water of
turkeys, and observed that as little as one
part in 1,600 parts of water was injurious
because the turkeys refused to drink the
water and eat their feed in normal
amounts. The degree of “starvation’ that
resulted increased as the concentration of
copper was increased in the water. Vohra
and Kratzer (1957) added 910 p.p.m. of
copper,as CuSQ,-5H;0,to lysine-deficient
diets of turkey poults, and observed that
they grew as well, up to 24 days of age, as
those receiving no added copper. However,
levels of 2,400 p.p.m. copper killed all the
poults.

Underwood et al. (1956) added copper
sulfate to the drinking water of chicks in
dilutions of 1 to 1,000 and 1 to 1,500, and
observed that there was slightly less con-
sumption of water than when the chicks
were supplied plain water, but they found
no significant difference in the weights of
the chicks after a period of eighteen days.
Mayo et al. (1956) reported significant
reductions in growth of chicks up to four
weeks of age when 324 p.p.m. copper in
one experiment, and 520 p.p.m. copper in
another, were included in the diet of
chicks. A marked increase in mortality
resulted when the chicks received 1,270
p.-p.m. copper in their diet. Arthur, Mot-
zok and Branion (1938) supplied levels
of 100, 200, and 500 p.p.m. copper in the
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diets of chicks, and observed no ill effects
up to the age of eight weeks.

This experiment was undertaken for the
purpose of learning what levels of copper,
in the form of copper oxide, are toxic to
growing chickens when they are consum-
ing a practical, corn-soybean oil meal diet
to which the copper oxide has been added;
and to observe the ability of chicks to
recover from toxic levels when the added
copper is omitted from their diets.

EXPERIMENTAL

Chicks of a production-bred strain of
New Hampshires, the growth of which is
slower than that of chicks of a typical
broiler strain, were used for this experi-
ment. A few more than the required num-
ber of chicks were hatched, and the ex-
tremely light and heavy chicks were dis-
carded. The remaining two hundred and
sixty day-old chicks were distributed at
random into thirteen lots of twenty chicks
each in such a way that the live weights
of the chicks in any lot were as nearly as
possible like those of the chicks in all the
other lots. For the first four weeks, the
chicks were kept in metal starting batter-
les in a room in which the temperature
was maintained at 73° = 2°F. and the
humidity was held at S0 + § percent.
For the remainder of the experiment, the
chicks were kept in metal developing
batteries in another room in which the
temperature was held at 70° + 2°F. and
the humidity was kept at 50 + 5 percent.
Both rooms were without windows and
were artificially illuminated for fourteen
hours of each day. Throughout the exper-
iment, the chicks were supplied with
distilled waterinstainless-steel waterpans,
and their feed was provided in stainless-
steel feed troughs.

A practical-type, corn-soybean oil meal,
all-mash diet was used as the basal diet.
The formula of this diet is given in Table

TABLE Y.—Formuda of the basal diet

Ingredient m

Ground yellow corn 61 .OM
Soybean oil meal (#4%, protein) 30.75
Fish meal (Menhaden) 3.00
Calcite flour 1.67
Dicalcium phosphate 1.59
Riboflavin supplement! .538
Salt 400
259, dry mixture choline chloride 130
Trace-mineral pre-mix (Delamix?) .100
Vitamin By, supplement? .050
Vitamin A supplement (Nopcay “10"'¢) .033
Vitamin E supplement (Myvamix?) .025
Vitamin D, supplement® .020
Niacin .002
50% dry mixture procaine penicillin .0011
10% dry mixture folic acid 0004
Calcium pantothenate .0003
Menadione sodium bisulfite .0002

Total 100.0000

! Contained 227 milligrams riboflavin per pound.

% Contained 6% manganese, 0.12% iodine, 29,
iron, 0.2%, copper, 0.029, cobalt, 0.01%, zinc.

3 Contained 6 milligrams vitamin Bis per pound.

* Contained 10,000 I.U. vitamin A per gram.

¢ Contained 20,000 I.U. vitamin E per pound.

¢ Contained 1,500 I.C.U. vitamin D; per gram.

1. Chemical analysis of the basal diet in-
dicated that it contained 26 p.p.m. of
copper. Two lots of chicks were fed this
diet without added copper, and thgﬂg{%
maining eleven lots received the sam
after the addition of graded quantitiess#i
copper in the form of copper oxide. The
levels of copper in the diets of the respec-
tive groups of chicks are given in Table 2.
The highest level of copper that was fed
was calculated to be 1,176 p.p.m. Analysis
indicated that the diet contained 1,180
p.p.m. of copper.

At ten weeks of age, two male chicks
and two female chicks were selected at
random from each lot. Their livers and
spleens were removed. The four livers
from each lot and the four spleens from
each lot were combined into separate com-
posite samples. Each sample was analyzed
for its content of copper, molybdenum,
and sulfate.

When the chicks were ten weeks old,
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TABLE 2.—Average live weight, feed eficiency, and mortalily of the chicks receiving graduated levels
of copper in their diet for the first ten weeks, but no added copper thereafier
- Total copper in the Feed efficienc .
ggpg'{ feed 0-10 wks. Average live weight! at age of for period of Sﬁort_ahty
Lot number am ef";' ﬁunnl%
ohe e Calcu-  Ana- 10 12 14 16 0-10  10-16 il
S. lated - lyzed weeks  weeks  weeks  weeks weeks  weeks weeks
- p.p.m. p.p.m. p.p.m. grams  grams  grams  grams percent
1 0 — 2 1.083.8 1,390.3 1,601.7 1,785.4 335 .078 s
13 0 - 26 1,0i8.2 1,423.2 1,686.2 1,879.6 335 .090 0
2 10.8 36.8 —_ 1,103.0 — — — .349 —_ 0
3 26.0 52.0 — 1.076.8  — — - .348 - 5
n 47.5 73.5 - 1,065.6  — - —_ L340 - ]
5 78.0 104.0 — 1,080.0 — - - .344 - 0
6 121.1 147.1 — 1.09.5 — - - .340 - 0
7 182.0 208.0 — 1.112.7 — - - .34t - 5
8 268.1 294.1 — 1,100.5  — - - .352 - 0
9 390.0 416.0 403 1,117.0 — — — .350 — 10
10 562.2 588.2 ST 1.016.6 1,304.8 1,595.9 1,793.6 342 .088 5
11 806.0 832.0 749 757.9 1,032.2 1,374.6 1.542.1 334 an 15
12 1,150.4 1.176.4 1,180 555.6 ' 888.2 1,185.9 1,482.5 303 134 40

1 Average of the average for the males and the average for the females,

1 Unit gain in live weight per unit of feed consumed.

the experiment was terminated for all but
five lots of chicks, the two basal lots and
the three lots the growth of which had
been impaired as a result of the high level
of copper in their diets. These five lots of
chicks were fed the basal diet without
added copper for another six weeks to
determine whether the chicks could re-
cover from the toxic effects of the copper.

At sixteen weeks of age, samples of
livers and spleens were again taken from
each of the remaining lots of chicks in the
same manner as before. The tissues were
analyzed for content of copper, molyb-
denum, and suifate.

RESULTS AND DISCUSSION

A marked depression in the growth rate
of the chicks occurred on the three diets
containing the largest quantities of cop-
per. Levels of copper of 588, 832, and
1,176 p.p.m. exerted a toxic effect on
growth; and the greater the quantity of
copper in the diet, the poorer was the
growth made by the chicks. The average
live weights of the chicks at ten weeks of
age are presented in Table 2. It appeared
that the minimum toxic level of copper is
about 300 p.p.m. At ten weeks of age, the
average live weight of the chicks in lot 10,
which received the diet containing 588

p.p-m. of copper, was 94.0 percent of the
average live weight of the chicks of lots
1 and 13, that received no added copper
in the diet. The average live weight of the
chicks of lot 11, which received the diet
containing 832 p.p.m. of copper, was 70.1
percent of the average live weight of the
chicks fed the basal diet (no added cop-
per); and the average live weight of the
chicks in lot 12, which received the diet
containing 1,176 p.p.m. of copper, was
only 51.4 percent of the live weight of the
chicks fed the basal diet.

The five lots of chicks that were fed the
basal diet without added copper from
ten until sixteen weeks of age were
weighed at two-week intervals. Table 2
gives the average live weights. Between
the ages of ten and sixteen weeks, the
chicks, the growth of which had been
retarded by the higher levels of copper,
grew more rapidly than the chicks that
had been fed the basal diet. The greater
the depression in growth, the more rapid
was the rate of growth after ten weeks.
At sixteen weeks of age, the average live
weight of the chicks of lot 10, which had
received the diet containing 588 p.p.m. of
copper, increased to 97.9 percent of the
average live weight of the chicks of lots 1
and 13, that had received the basal diet.
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The average live weight of the chicks of
lot 11, which had received the diet con-
taining 832 p.p.m. of copper, increased to
84.2 percent of the average weight of lots
1 and 13; and the average live weight of
the chicks of lot 12, which had received
the diet containing 1,176 p.p.m. of copper,
increased to 80.9 percent of the average
weight of lots 1 and 13, the two lots fed
the basal diet.

The feed efficiencies for the period of
ten to sixteen weeks of age for each of the
five lots of chicks that were fed the basal
diet without added copper are given in
Table 2. The efficiency was greater for
those lots the growth of which had been
retarded, but since the chicks were smaller
and since efficiency is a function of live
weight, it was to be expected that the
retarded lots of chicks would be more
efficient during this period. The efhiciency
was nearly twice as great for the chicks
that had received the diet containing
1,176 p.p.m. of copper to the age of ten
weeks as for the chicks that had received
only the basal diet, but it still was only
about half as great as it was for the chicks
in the basal lots when they were at the
same live weights.

The mortality in each lot of chicks up

to ten weeks of age is given in Table 2.
Most of the deaths occurred in the "™
tnat were fed the diets containing e
highest levels of copper. Forty percent of
the chicks in lot 12, which received the
diet containing 1,176 p.p.m. of copper up
to ten weeks of age, died by the tenth
week.

The effect of the level of copper in the
diet on storage of copper in the livers and
spleens of the chicks is apparent in Table
3. The data in Table 3 indicate that the
copper content of the livers of the chicks
increased in each instance in which cop-
per was added to the diet. The copper
content of the livers was much greater
at the higher levels of dietary copper.
The chicks of lot 12 (1,176 p.p.m. Cu),
for instance, stored four times as much
copper in their livers as the chicks of lot
10 (588 p.p.m. Cu), although they received
only twice as much copper in their diet.
Similarly, the chicks of lot 11 (832 p.p.m.
Cu), stored about three times as much as
the chicks of lot 9 (416 p.p.m. Cu).

At sixteen weeks of age, after the chicks
had not received supplementary comsmr
in their diet for six weeks, much o.
excess copper had been eliminated fofm
the livers. The copper content of the

TABLE 3.—Conient of copper, molybdenum, and sulfate of composite samples® of livers
and spleens taken from chicks ot ten and sixieen weeks of age

Copper content?

Molybdesum content? Sulfate content?

Total calculated

Lot level of copper Liver Spleen
number in the feed
0-10 weeks 10 16 10 16

weeks weeks weeks weeks

p.p.m. p.p.m. p.p.m. p.p.m. p.p.m.
1} 263 3.9 RS N !23.4}
13 9 {oslpf 4! {400
2 36.8 500 — 1.6 —
3 52.0 90 — 130 —
4 73.5 525 — 70 —
s 104.0 560 — 216 —
6 147.1 555 — 140 —
7 208.0 1390 — 360 —
8 294.1 147.0 — 102 —
9 416.0 176.0 — 8.8 ~—
10 $88.2 184.0 115.0 12.0 27.8
1 832.0 595.0 98.0 14.0 31.4
12 1,176.4 8200 204.0 16.0 42.0

Liver Spieen Liver Spleen
10 16 10 16 10 16 10 16
weeks weeks weeks weeks weeks weeks weeks weeks
p.p.m. })_.p.m. p.pm. pp.m.  p.pm. ppm. p.p.m
3 5.5 1.5 {1.8( 14.0 (43.2‘ > 29.6
BERLN] : 1.8/ U348 33 384
79— 25— 176 — 2& =
14.6 -— 3.3 - 8.0 — 22 -
8.4 — 1.7 - 16.0 — 2= —
3.6 — 1.3 - 0.0 — g —_
6.0 — 1.6 - 4.0 - 2z -
79— 12— 6.0 — EFE —
5.1 - 1.3 - 9.6 — S
8.5 — 2.0 — 39.2 — T -
12.2 7.1 2.5 1.6 31.2 48.0 T, 40.0
15.2 7.1 2.4 1.8 64.0 30.0 53 372
21.6 10.0 8.6 .9 568.0 140 0 5E 2.0

1 Composite samples consisted of livers and spleens {rom two males and two females selected at random, The composites from
the twa lots of chicks on the basal diet without additional copper were combined at ten weeks for both livers and spleens, but were

kept separate at sixteen weeks,
? Dry matter basis. .
¢ Determined by analysis.
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Spleen Liver Spieen
10 16 10 16 10 16
-cks weeks weeks weeks weeks weeks
p.m. p.p.m.  p.p.m. p.p.m. p.p.m.
3 {l.!‘. 14.0 {43.2 s> 29.6
: 1.8/ U l4e8f g3 384
3 _ 7.6 — 3 -
.3 - 8.0 — 22 -
T - 6.0 — 28 -
.5 - 26,0 — [ -
t2$ - 34 8 - 23 -
. - 36 - =& -
3 - 196 — S0 -
0 - 92 — 3 =
.5 1.6 312 48.0 E—.“ 40.0
4 1 64.0 400 &3 31.2
6 2.9 568.0 140.0 S Z 26.0
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livers of the chicks of lot 12, which had
received 1,176 p.p.m. of copper, was only
about three times a great as that of the
chicks of lots 1 and 13 that had not re-
ceived extra dietary copper.

The copper content of the spleens was
not so greatly affected by the level of
copper in the diets of the chicks as was
the copper content of the livers. All lots
of chicks that received extra dietary cop-
per stored more copper in their spleens
than the lots that did not receive extra
dietary copper. However, there was no
consistent increase in storage of copper
in the spleens. At sixteen weeks of age,
there was no more copper in the spleens
of the chicks that had been fed the diets
containing the highest levels of copper
than in the spleens of the chicks that had
received the basal diet.

The livers and spleens were analyzed
for both molybdenum and sulfate be-
cause several investigators had shown an
interesting reciprocal relationship to exist
between the metabolism of copper and
molybdenum, which in turn may be af-
fected by the sulfate content of the diet.

Reports by Dick, as discussed by Under-
wood (1956); Dick and Bull (Chilean
Nitrate Educational Bureau, 1948b); and
Allcroft and Lewis (1936) indicated that
the feeding of molybdenum to sheep and
cattle decreases the storage of copper in
the livers of the animals. Dick concluded
from his experiments, however, that this
influence of molybdenum upon copper
storage exists only in the presence of high
levels of inorganic sulfate. Wynne and
McClymont (1956), reported that an in-
crease in either molybdenum or sulfate
(in the form of Na;SO,) reduced the
storage of copper in the livers of sheep,
and that when both were added together,
an even greater reduction of storage of
copper occurred.

Reports by Ferguson, Lewis and Wat-
son, (Chilean Nitrate Educational Bureau

1948c), and Henderson (1957), indicated
that the ill effects of high levels of molyb-
denum in the feed consumed by cattle
were corrected by the administration of
copper sulfate. Similarly, Comar, Singer
and Davis (1949) observed that the toxic
effects of 80 p.p.m. of molybdenum in the
diets of rats were corrected when 35 p.p.m.
of copper were added to the diet which
contained only 2 p.p.m. of copper. Arring-
ton and Davis (1953) reported that 200
p.p.m. of copper corrected the toxic ef-
fects of 1,000 p.p.m. of molybdenum in
the diets of rabbits.

The few reports on the effects of copper
on molybdenum in poultry do not indi-
cate the same relationship, however,
Arthur, Motzok and Branion (1958) fed
toxic levels of molybdenum (200, 350,
and 300 p.p.m.) to chicks up to the age of
eight weeks. The addition of 500 p.p.m.
of copper to the diet did not reduce, but
increased the toxic effects of molybdenum.
Davies et al. (1958) fed 500 p.p.m. of
molybdenum to chicks and the toxic ef-
fects of the molybdenum were not re-
duced by the addition of 200 or 500 p.p.m.
of copper.

In the experiment reported here, an
interrelationship among copper, molyb-
denum, and sulfate existed as evidenced
by the increased storage of molybdenum
and sulfate by the chicks fed high levels
of copper, despite the fact that no addi-
tional molybdenum or sulfate was added
to the diets.

It may be noted in Table 3 that the
molybdenum content of the livers and
spleens of the chicks that received the
highest level of copper was several times
as great as that of the chicks that received
the basal diet. In general, it appeared that
the molybdenum content increased in
both the liver and spleen when additional
copper was fed, but no large increase
occurred until the highest level, 1,176
p.p.m., was fed. When the chicks were
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sixteen weeks of age, and the added cop-
per had been omitted from the diets for
six weeks, the molybdenum content of
the livers and spleens of the chicks that
received the highest level of copper was
still greater than that of the chicks in lots
1 and 13 that had not received added
copper in their diet.

The sulfate content of the livers of the
chicks that received the highest level of
copper up to ten weeks of age was mark-
edly increased. At sixteen weeks of age,
after the chicks had been fed the basal
diet without added copper for six weeks,
the sulfate content of the livers was only
several times greater than that of the
control lots. Very small increases occurred
in the sulfate content of the livers of the
chicks that had been fed the diets con-
taining the other levels of copper. The
samples of spleens taken at ten weeks
were too small to permit detection of sul-
fate. At sixteen weeks, no greater quan-
tity of sulfate existed in the spleen of the
chicks fed high levels of copper thanin the
spleens of the control chicks.

Thus, it appears that when additional
copper is fed to chicks, more of the molyb-
denum and sulfate of the diet are re-
tained by the chicks.

The data on feed efficiency, presented
in Table 2, suggest that levels of copper
below the toxic level of about 500 p.p.m.
may have had some beneficial effect. The
copper may have acted as a chemical
antibiotic. The efficiency was greater for
each lot of chicks that received less than
the toxic quantity of copper than for the
two lots of chicks that received the basal
diet. ’

This observation, that copper may
have acted as a chemical antibiotic, is
somewhat similar to ones made by several
investigators working with swine. Barber,
Braude and Mitchell (1935) reported that
the rate of gain of pigs was improved as

much when 250 p.p.m. of copper as cop-

per sulfate was added to their diets as” ™y
when 4.5 mg. of aureomycin was added v

to their diets. Barber ef al. (1957) re-
ported that swine fed diets containing 0.1
percent CuSO-3H.0 (approximately 250
p.p-m. Cu) improved in rate of growth
similarly to pigs that were fed diets con-
taining 10 grams of oxytetracycline or 20
grams of chlortetracycline per ton of feed.
Lucas and Calder (1957) fed 0.1 percent
CuSO,-5H,0 in the diets of pigs and
noted greater improvement in growth and
feed efficiency than when 35.36 mg. of
penicillin per pound of feed was added.
If copper functions in a manner similar
to antibiotics in the diets of swine, it is
quite possible that it may have functioned
in the same manner in the diet of chickens
in this experiment.

SUMMARY

A corn-soybean oil meal diet containing
graded quantities of copper, in the form of
copper oxide, was fed to growing chickens.
The maximum level of copper fed was

estimated to be 1,176 p.p.m. (1,180 p.p.m.,

by analysis). The chicks were fed this di
to the age of ten weeks, at which age thé
two control lots of chicks and those lots
the growth of which had been depressed
by the higher levels of copper were given
the basal diet without supplementary
copper for six additional weeks.

The minimum toxic level of copper ap-
peared to be about 300 p.p.m. The chicks,
the growth of which was depressed by the
higher levels of copper in the diet, grew
more rapidly after the added copper was
omitted from their diet at ten weeks of
age. The chicks that received the highest
level of copper (1,176 p.p.m.) in their diet
weighed only 31.4 percent as much, at
ten weeks of age, as the chicks that re-
ceived the basal diet only. At sixteen
weeks of age, after receiving the basal diet

|
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50 p.p.m. of copper as cop-
a- ~dded to their diets as
. ureomycin was added
<. ‘Barber et al. (1957) re-
vine fed diets containing 0.1
1-3H,O (approximately 250
mproved in rate of growth
igs that were fed diets con-
.ms of oxytetracycline or 20
“tetracycline per ton of feed.
Jder (1957) fed 0.1 percent
in the diets of pigs and
improvement in growth and
v than when 5.36 mg. of
pound of feed was added.
ctions in a manner similar
in the diets of swine, it is
that it may have functioned
anner in the diet of chickens
aent.

SUMMARY

rean oil meal diet containing
ties of copper, in the form of
was fed to growing chickens.
m level of copper fed was
e 1,176 p.p.m. (1,180 p.p.m.
r hicks were fed this diet
tew veeks, at which age the
its of chicks and those lots
"~ which had been depressed
levels of copper were given
et without supplementary
additional weeks.
1m toxic level of copper ap-
bout 300 p.p.m. The chicks,
which was depressed by the
of copper in the diet, grew
after the added copper was
their diet at ten weeks of
s that received the highest
r (1,176 p.p.m.) in their diet
51.4 percent as much, at
age, as the chicks that re-
1sal diet only. At sixteen
Jfter receiving the basal diet

2
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without added copper for six weeks, the
chicks that had received the highest level
of copper in their diet weighed 80.9 per-
cent as much as the chicks in the control
ots.

There was an increase in the storage of
copper, molybdenum, and sulfate in the
livers and spleens of the chicks that were
fed the diets that contained added copper.
The storage of each was much greater in
those instances in which the higher levels
of copper were added to the basal diet.
The levels of copper, molybdenum, and
sulfate in the livers and spleens were more
nearly normal after the high-copper diets
were replaced by the basal diet for six
weeks.

There was an improvement in the feed
efficiency of those lots of chicks that were
fed the diets that contained added copper,
up to the toxic level; and this suggests
that the copper may have exerted an
effect similar to that of antibiotics.
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