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I, WMINERAL CONTENT OF SOME OKLAHOMA FORAGE IN RELATION TO

THE NUTRITION OF BEEF CATTLE



INTRODUCTION

Lack of thriftiness is commonly observed in cattle produced in
certain areas of southesstern Oklahoma, This unthriftiness . is.chor-
acterized by a thim condition during winter months, by pocr repro-
ductive performance, and by the inferior growth rate of calves,

Mild anemia has also been observed, A marked deficiency of avail-
able phosphorus exists in the soil in one area, near Wilburton; and
phosphorus in the forage supported by this soil is ;ow and . nob
readily available to ruminants., That cattle in this area suflfer
from phosphorus deficiency is indicated by the occasional display of
pica,

&n experiment wag begun in 1947 to study the phosphorus re-
guirements of range cattle at the Wilburton location, The perfor-
mance of cattle at that location was compared with that of a similarly
managed herd on the Lake Carl Blackwell range near Stillwater, Inm-
provement in reproductive performance was noted in the Wilburton
cattle when a mineral phosphorus supplement was provided; yet, none
of the cattle at Wilburton performed as satisfactorily as those at
Stillwatefo

4s phosphorus supplementation was only partially effective in
improving performance, it was suggested that there might be other
contributing dietary factors, Examination of the Wilburton forage
at that time revealed amounts of the major nubrients similar to those
found in Stillwater forage, Manganese, however, was found to be

1



present in relatively high concentration, Since manganese is a trace
nineral nutrient affecting phosphorug metebolism, its high concen-
tration was considered to be a possible causative factor abetting

- the phosphorus deficiency,

Trace minerals other than manganese affect the metabolism of
phosphorus; and some others, when ingested in improper amounts, cause
the development of symptoms similar to those observed in the Wilburton
catﬁle, For that reason it appeared desirable to determine the dis-
tribution of certain trace minerals in the forage of the Wilburton

and Stillwater arsas,



LITERATURE REVIEW

At this time five metals, cobalt, copper, molybdenum, menganese
and zine, are known to be essential micronutrients for animals. Each
has been identified with one or more specific enzyme systems. However,
the role of a metal in a specific enzyme system and the nutritional
disturbances caused by an improper dietary amount of that metal have

not been elsarly related,
Cobalt

Cobalt has not been shown to have any relationship to phosphorus
metabolism, The known specifie physiological funetion of cobalt is
related to its presence in vitamin B,, (67)., The ruminant's demand
for vitemin Bj; can be supplied by synthesis from inorganic cobalt
within the rumen organisms (28)(39)(44)., Other animals appear to be
unable to utilize inorganic cobalt for this purpose,

Cobalt deficiency in ruminants has been known for a very long
time, The outstanding feature of the deficiency in sheep is the pro-
found anemia and appetite failure, Blood volume, the concentration
of plasma protein, and the oxygen capacity of the blood decrease ag =z
macrocytic anemia appears and becomes progressively more severe (51),
There is 1ittle doubt that the gyndrome of cobalt deficiency in sheep
is the result of a severe vitamin By, deficiency (6)(54).

Cattle, deficient in cobalt, show similar symptoms, ramely,
appetite failure, loss of condition, and anemia, Nutritional diseases

of cattle responding to cobalt therapy have been reported from several
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areas of this country: New Hampshire (8)(49), Massachusetts (8),
North Carolina (8), Wisconsin (34), Michigan (43)(46), and Florida
(60). Killham (46) points out the similarity between symptoms of
these nutritionsl diseases and the symptoms of phosphorus deficiency;
in fact;, early Wisconsin and Michigen workers considered these
diseases to be due to phosphorus deficiency,

The minimum amount of cobalt that must be present in forage to
prevent a deficiency is believed to be about 0,07 ppm. (9)(64).

Excess cobalt is detrimental to animal life, Becker and Smith
(5) found that daily dosages of 250 to 500 mg, per 100 1lbs, of body
weight produced depressed appetite and loss of body weight in sheep,
Oral and parenteral cobalt administration causes polycythemia in many
animals, The polycythemia is thought to be the result of a passive
response to the partial anoxia induced by an inhibition of respiration
in the blood forming tissues (51). However; the concept that eryth-
ropoiesis is largely regulated by the oxygen temsion in the bone..
marrow has been challenged, Grant and Root (3 ' observed the oxygen
saturation of blood in red bone marrow during periods of constant and
severe erythropoietic stimulus., 'They found that vigorous erythro-
poiegis was not necessarily associated with lowered oxygen tension of
the blood circulating through the marrow,

In the rat,; hemoglobin formation remsins essentially unchanged
in cobalt-induced polyeythemia (81), The toxic effects of cobalt
have been suggested to be due to the binding of sulfhydryl groups
essential in respiratory systems (63). Because the toxic limit is
3000 to 5000 times greater than the usual amount of cobalt in forage

spontaneous cases of cobalt toxicity are unlikely to occur,



Copper

Copper, like cobalt, plays an important role in blood formation,
The function of copper in erythropoiesis was first reported by Hart's
group in 1928 (40). Subsequent studies have shown that copper pro=-
motes iron absorption in the gastrointestinal tract, iron mobilization
from the tissues, and is involved in the direct utilization of iron
in hemoglobin synthesis (91),

During the progressive depletion of the sheep's copper reserves,
the first sign of impaired function is lack of crimp in wool, This
condition results in the newly-formed wool being stringy and hair-
like, Such wool has s large content of free sulfhydryl groups;
normally these groups are oxidized, crimping the wool fiber by the
closure of disulfide linkages (51), This is particularly striking
in the case of the merino breed; other breeds do not necessarily show
the stringy wool (17), With black sheep the wool becomes depigmentized
in copper deficiency; in fact, achromotrichia is associated with copper
deficiency in rats (45), in cattle and sheep (51), and in cats and
rabbits (36), These observations point to a role for copper in some
oxidative systems of animals,

Lambs from copper-deficient ewes develop a nervous disorder
characterized by incoordination, The disorder occurs in widely sep-
arated areas of the world but chiefly im Augtralia (52) and New
Zealand (17), The lesion is a diffuse demyelination of the central
nervous system, the degree of which determines the range of symptoms
from spastic paralysis of the legs to general paralysis., Mature
animals ususlly succumb before these symptoms asppear. The lamb from

a copper-deficient ewe may also develop an acute osteoporosis leading



to frachbures; this malady appavently results from & less pronounced
copper depletion than is necessary to cause paralytic symptoms (17).

In cattle, a state of copper deficiency is charaetefiéé& by a
harsh, depigmentized hair cost and such relatively non-spscific
symptoms as anemia, appetite failure, weight loss, poor reproductive
capacity, and slow growth of calves, The bones fracture sasily (17)
(18), The liver énd blood contain less than normal amounts of copper --
a useful measure in diaghnosis of copper deficiency,

Unlike ccbalt, copper doss have some slight relationship to
phosphorus metabolism, In extreme cases of copper deficiency cattle

“have brittle bones and high levels of plasma phosphatase and plasme
inorganic phosphorus in the bleod (19), Copper administration lowers
the enzyme and phosphorus levels to normal,

The state of copper deficiency in ruminants and its relationsghip
to phosphorus metabolism is complicated by the relative amount of
molybdenum ingested, If molybdenum levels are normal, pastures con-
taining 6 to 8 ppm. of copper arve generally considered to be adequate
for satisfactory growth, health, and reproduction of ruminants. Three
to 5 ppm, are marginal levels, For wool production, :slightly higher
levels have been suggested as necessary (55) (64). In the United
States copper deficiencies have been discovered only in certain areas

of Florids (20).
Molybdenum
Molybdenum has a fairly definite relationghip to nhosnhovug

metabolism, Osteoporosis tends to develop when cattle and sheep

ingest excessive amounts of molybdenum, This would ssem to be an
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inhibition of calcifiqaticn although blood caleimm and phosphorus are
normel (17)(18), 4n apparent incrsase in phosphorus exeretion has
been obgerved following molybdenum feeding to cattls (75), but not to
rats (74). | ﬂ

A reciprocal antagonism exists between copper and molybdenum
such that dosing with molybdate causes depletion of copper ressrves
and restricts copper assimilation (23), This antagonism is consgidered
to be a significant factor in the ‘komplicated" ecopper deficiency
disease called peat scours in New Zealand (17) and in the disease
called teartness in England (26).(56). In these diseases an excessive
molybdenum content of the forage (20 ppm, or more on the dry basis) oroduces fo
predisposes the severe diarrhea (scouring) which is the outstanding
symptom, Dosing with copper salts relieves the scouring of teart and
cures peat scours which is fundementally a copper deficieﬁey’djsease
that hag been modified by the molybdenum-induced scouring, Goppér is
also acbive in reducing the effects of molybdenum toxicity in the rat
(34) (61)(75) .

The converse of the above effect, that sbnormally low levels of
molybdenum in forages with normal copper levels might lead to chronic
copper poisoning, has been suggested ag a factor in the development of
a syndrome exhibited by sheep in certain areas of Bustralia, A&lthough
the pasture copper content is essentially normal, sheep in those areus
accumulate abrormally high concentrations of liver copper end die with
a crisis resembling that of a copper toxicity (23), However, there is
not any direct evidence that deficiency of molybdenum iuduces abnormal
copper accumulation in the liver (51),

i

In general, the effects of excess molybdenum resembls thoge of
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copper deficiency, however, thess sffscts are vob in equivalence, In
some cases a relatively small amount of melybdenuw will exert a pro-
found effect on the copper metabolism of sheep and in others a pro-
portionslly small amount of copper will overcome the effect of a massive
ameunt of molybdenum (51),

Singer et al (75) found evidence of an interrelationship of copper,
molybdenum, and phosphorus in the rat., Simultansous administration of
molybdenum with phosphorus tended to increase phosphorus assimilations
copper administration with phosphorus had little effect on phosphorus
assimilation, but administration of molybdenum and copper together with
phosphorus reduced phosphorus uptake, Simulfaneous administration of
molybdenum and/or phosphorus with copper reduced the accumulation of
copper in the livefé Phosgphorus and copper adminigtration had no effect
on molybdenum accumilation, Shirley et al, {73) studied the deposition
and alimentary excretion of radio~phosphorus in gteers on high molyb-
denum and copper diets., Molybdenum alone, or in the presence of copper,
changed the pathway of phosphorus sxcretion teward the feces, the
magnitude of the effect being somewhat less in the latter cass.

The Florida group suggested, as possible mechanisms for the toxic
action of molybdenum, either (a) indirect interference in essential
enzyme systems involved in gkeletal metabolism due to an induced copper
deficiency, or (b) direct imhibition of these engyme systems by molyb-
denum itself (75)., Neither of these postulated mechsnisms has received
support,

The minimum toxic level ef molybdenum in pagture forage ig counsider-
ed to be gbout 5 ppm.s above this concentration signs of copper de-

ficiency appear (64), In the United States, cases of molybdenmum toxicity



have been reported in parts of Fleorida (18) and California {13). 4
minimun reguirement by animals for molybdenum has neverlbean establishe
ed (83); in fact, the presence of molybdenum in the list of essential
trace elements is subject to question. The first direct evidence for
the essentiality of molybdenum in animal metabolism came with the re-
port of Richert and Westerfeld (65) that molybdemum is the co-factor
for xanthine oxidase in rat intestine., A later paper extended this
report, stating that in molybdenum deficiency xanthine oxidase was com-
pletely absent in the intestine (66), DeRenzo and co-workers (22)
suggested that molybdenum playeara vrole in the activation of both in-
testinal and liver xanthine oxidase; but, its action on the liver

enzyme has not besn confirmed (48)(66).

Manganese

Manganese has a definite relationship to phosphorus metabolism,
Its deficiency leads to poor development of the skeletal system in
rabbits and poultry (1)(30)(80)(85), The bones become weakened and
porous and are ghorter than those in animalg with adequate manganess,

In poultry, ménganese deficlency causes the appearancs of the
¥ perogis® syndrome, a leg disorder characterized by enlargement and
malformation of the tibiometatarsal joint with glipping of the gas-
troenenius tendon from its normal position (30)(29). Subnormal
hatchability of eggs and inferior growth of chicks have also been
noted (88).

Impaired reproduction is observed in manganese-deficient ratsg
the specific lssions are testicular degeneration and irreguiar or

absent estrus cycles (12)(72).



Growth is less thsn normal for mice, rats, and rabbits fad man-
ganese~deficient rations (24)(72)(85), The ninimum regquirement for
growth is small and subject to modification by the rslative amounts
of calecium and phosphorus in the ration (89),

Combs et al, (16) found that the sbnormally high bone phosphatase
activity, usually seen in rachitic chicks, ecould be decreased to the
normal level if manganese were omitted from the ration,' On the other
hand, Wachtel and his associates (85) were unable to show any influsnce
of manganese deficiency on bone phosphatase in the rat, although bone
formation was not normal., Serum phosphatase was definitely increased,
however, while blood calecium and phosphorus remained normael. Serum
phosphatase decreases, as deoes the bone enzyme, in mangansse-deficlent
chicks (86).

Evidence has pointed to an effect of manganese on blood formation,
but 1ittle informaticn bearing directly on this point is availabla;
Robscheit-Robbins and Whipple (68) reported that manganese, although
toxic to anemic dogs, brought an irregular hemoglobin respounse, some-
times favorable and sonmebimes not, HWManganese was less effective than
copper salts, Wachtel et al, (85) noted a slight progressive anemia
and retarded hemoglobin regeneration in deficient rats, Skinﬁer and
McHargue (77) obtained evidence supporting a role for manganese in
hemoglobin formation by showing that manganess, in combination with
iron and copper, producéd more marked hemoglobin regeneration than iron
and copper alone,

Manganese deficienciss in grazing ruminsnts bhave never been re-
ported, probably because the requirements are so very low in relstion

to the usual manganese content of pastures, Phillips (64), however,
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suggested that rations should contsin 25 to 50 pom, which ap??aximateﬁ
the usual content in pasture grasses.

Effects produced by consumption of large amounts of manganese have
not been extensively studied, Those that have been noted to date are
similar to effects of manganese deficiency, For example, inhibition
- of calcification in rats cauged by high manganege supplementation wag
reported by Blumberg et al (11) and Chormock et al,(15), This inhibition
.awaé;mpst prenounced in incipient-riekets producsd by a Tatidn”wiih"
a.wide caleium-to~-phosphorus ratio,

Nance (58) obgerved depressed birth and weaning weights for rabbits
born of does that received large amounts of manganese,

Excessive manganesse in pasture plants is held responsible for the
forage gnemia of horses encountered in parts of Sweden, Hay from an
anemia-producing locality assayed 1270 ppm. manganese as compared to
the average 440 ppm. for enemia~-free localities (82), High forage
copper sometimes aecompanies the anemiag

Mangenese is debrimental to swine when fed at high levels. Grumer
and his sssociates found that a ration containing 500 ppino manganese
caused appetite failure and retardsd growth when forced on growing pigs.

Toxic effects of manganese may not be manifested if the ration
supplies enough phosphorus. Becker and McCollum (7) could observe no
toxiec effects in rats from fesding manganese at high levels, They be=
lieved that the high concentration of phosphorus in the ration (0.72%)
depressed mangsnese absorption. A slight growth retardation was
observed at the high level of intake (100 mg. manganess per day).
Skinner (76) could not demonstrate toxicity in rats fed either 1000 or

2000 ppm, manganese in a high phosphorus ration,
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The effects of zinc deficiency do not appear to be correlated with
the fact that zinc is a constituent of the enzyme carbonic anhydrase
and the hormene insulin, Hove et al, (41) have provided the bulk of the
information concerning the nature of a zinc deficiency. Poor minerali-
zation of bones, poor intestinal absorption, and reproductive diéturbw
ances characterize the syndroms,

The effects of excess zinc are similar to those of zinc deficilency.
There is a poor intestinal absorptiocn and poor bone developments
growth is reftasrded snd a microcytic, hypochromic anemia appsars (69),
Copper4administration corrects the zinc-induced anemia suggesting =a
zinc-copper interaction (79),

Ruminant deficiencies of zine are unlikely since most planbs con-

tain ample amounts,

From the foregoing discussion it is apparent that improper dietary
smounts of one or more of the above mentioned trace metals could well
be related to the rather non-specific symptoms encountersd in the
affected cattle at Wilburton., Thus, without regard to interspecies
differences, poor reproductive performance is noted in manganese and
zine deficiencies; modified phosphorus metabolism in copper, mangansse,
and zinc deficiencies and in zine, mapgansse and molybdenum excegsesg
anemia in cobalt, copper and possibly menganese deficiencies; and de-
pressed growth rates when any of the trace metals are not present in

the proper amounbs,



EXPERINENTAL

Development of Analytical Methods

C@balt

‘Some cobalt assays of Oklahoma forage plants have besen reported
(84)3 however the procedure used was not congidered to give accurats
results with the low cobalt concentrations encountered, For this
reason, further exploration was conducted in search of a method that
would provide accurate éobalt estimates at extremely low concentrati&nsé

Sandell (70) has reviewed the colorimetric methods and reagents
used for cobalt determinations at the microgram level, Methods based
on the colored chelate formed Wiﬁh'nitrosasR=salt (lmnitrosomza
maphﬁmﬂ@%béwdisulfonate) have been most widely used for biological
materials, Both the chelate and reagéent absorb light strongly at 420
mp, consequently excess reagent must be destroyed., In previous work
conducted in the Department of Agricultural Chgmistry Research the
method deseribed by Beeson and Gregory (10) was used, This procedure
- provides for destruction of the excess reagent by boiling with nitric
acid which oxidizes the reageut to the lighter colored nitro acid
and decomposes the nitrosc-R chelates of most’éthér'metalé; The
nitric acid method, however, gives erratic resultss The 1ength’0f
boiling time and the amount of acid used are somewhat cri&ical (8&);
Oxidation of the excess reagent with bromine in ths presence of nitric
acid is en accepfed alternative (57)9 bub, according to Gallsgo g@_fﬁw
(29), bromine oxidation is betﬁerﬂin hydrochloric acid than in nitric
acidé |
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The initial approach in this study was made with the nitroso-R
method: Tidwell (84) experienced considerable difficulty due to the
interference of iron and especially manganese, The literature shows
conflicting opinions concerning the interference of ferric iron.
Hiscox (41) and MacPherson (50), who used acetate buffers, stated
that ferric iron didn't interfere; Marston and Dewey (53) used a
citrate buffer and reported that ferric iron, in a concentration ten
times that of cobalt, was permisgible although an excessive amount
interfered because of its ecelor in eitrate medium, TidW611? with an
acetate buffer, cbbained slightly augmente& cobalt values in the

presence of added iron (11.6 %o 92,9 mg, Fe-'*

per 100 ml, of solution),
Although the ferric iron can be removed by specific trsatment, the pre-
ferable method is to isolate the cobalt thereby eliminating iron and
any unrecognized sources of interference. Isolation of cobalt by
extraction as the dithizonate (the chelate formed with diphenylthioc-
carbazone) preceding formation of the nitroso-R chelate eliminates
ferric iron interference. The procedure was tested with solutions
conbaining 3 Fgo cobalt and varying amounts of ferrie iron, The curves
in Figure 1 show the influsnce of ferric iron on the amount of cdbalt
measured by the nitroso-R methed with and without cobalt isolation és
the dithizonate. The procedure of Gsllego et al (29) was used which
employs hydrochlorie acid for stzbilization of the cobalt chelate and
bromine for oxidation of excess reagent, Dithizone eﬁtraction also
eliminates the severe negative interference of manganese, It can be
seen in Table 1 that the optical densities of solubions containing

3 JPEo cobalt were not appreciably changed in the presence of manganess

when using the isclation procedure, Without isolation of cebalt,
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Tidwell (84) found that 5 mg, manganese reduced the optical density
by approximately one-third,
TABLE 1

EFFECT OF MANGANESE IN THE NITROSO-R SALT METHOD FOR COBALT
(COBALT ISOLATED BY DITHIZONE EXTRACTION)

Cobalt Present Manganese Added Optical Density

yESS ‘ mg

3 0,0 0119
3 0.5 o124
3 0.75 o124
3 1,25 o119
3 205 . 116
3 5,0 o114

It appeared that the Gallego method (29) with dithizone isolation
of the cobalt would ba'satisfactoryg but nitroso-R methods are cumber=-
some, The complex ig unstable in the light so all of the boilings
had to be done in the dark, It was also unecessary to uge bromine with
its attendant hagzards, & principal drawback, however, was the dilution
that became necessary, Bach sample was boiled for five minutes
and, with the quantity of salts present, a final wolume of 20 to 25
ml, was mandatory in order to ksep the salts in solution;- With this
dilution the spectrophotometer transmission range from log%to 50 per
cent is spannéd by cobalt conéentrations up to 15 Pgo Sin;e the
amount of cobalt in these samples is so small this dilubicn requives
that one work near 95 per cent transmission with little precision

attainable,



One means of surmounting the dilubion and salt concentration
problems is a chromatography approach such as worked oub ﬁy Dean (21)
or King et al. (47). However, many possible errors are consequent to
such an approach so it seemed more satisfactory to achieve concentrat-
ion of the cobalt chelate by extraction., The nitrosocresol method
introduced by Ellis and Thompson (25) is an extremely gensitive method
employing solvent extracticn., The cobaltmpitrosocrescl chelate ig
formed in buffered aqueous solution and extracted into 5 ml, of pet-
roleun ether., The chelate in petroleuﬁ sther absorbs strongly at 360
mpt and the transmission range o¢f the spectrophotometer from 100 to
40 per cent is gpanned by a concentration range up to 3 pg cobalt,

This method provides about a five-fold lncrease in sensitivity over
the nitroso-R method,

Nitrosocresol is synthesized from m-cresol by means of the
Baudisch reaction (4) and is extracted from the reaction mixture into
petroleum ether, This solution in petroleum ether is stable for
several months under refrigeration and serves as stock reagent. Before
use, the stock solution is extracted with an equal volume of sodium
borate buffer, The aqueous solﬁtion of sodium o-nitrosocresol so
obtained is the reagent used in the cobalt procedure, It has been
obsere&“théﬁnﬁhia aguecus solution is not stable but changes pro-
gressively from day to day, Such ingtability would cause marked errors,
if not recognized, in cases where sample abgorbancies are compared with
a fixed reference, However, calibration curves prepared daily follow-
ing the extraction of sodium o-mitrosccresol are parallel and perfectly
reliable (FPigure 2)., The curves shown in Figure 2 are regression lines

taken from several sets of data, The similarity of their slopes is
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interpreted to mean that the properties of the chelate are not chang-
ing, rather, the abgorption of the reagent itsslf increases with time;
With plant samples it is necessary to remove ferric iron, whose
o-nitrosocresol chelate is appreciably soluble in petroleum ether,
Isolation of cobalt by dithizone extraction removes the possibility

of ferric ion interference,

S
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Figure 2, Effect of age of reagent on gobalt calibration curves.
’ ' {nitrosocresol mebhod) :

Copper

Copper analyses have not previously been reported for plants from
the Wilburton and Stillwater areas. It was necessary to select a
copper procedure capable of suffieient accuracy for our purpose and yet

*not.prohibitive in terms of laVor andrequipment, i,
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Two organic reagents, diphenylthiccarbazone (dithizone) and
diethyldithiocarbamate (carbamste) have been widely used for the
estimation of copper (70)., Neither one has been particularly satis-
factory. Dithizone is a colored compound itself and this necessitates
elaborate procedures for the removal of excess reagent before com-
paring absorbancies,or else a mixed-color method must be used., Further-
more, dithizone is not selective (78), Other ions chelate with it
producing colors of sgimilar hues, An additional disadvantage is the
Vinstability of dithizone_éolutionsg particularly in the presence of
light,

Carbamate is also a very sensitive reagent for copper., Its
chelate is insoluble in water bul soluble in many organic solveunts,
Like dithizone, this reagent is not selective, but complexes with
many divalent metal ions, Iron, manganese, and nickel are the principal
Torg interfering: either by raactioﬁ wiﬁh the rsagent or by imparting
an interfering,colmration.to the érgamic solvent, These prinéipal
interferences may be reméved by specific treatments for each (70).

A general treastment, that provides protection from mary metal
ions, employs ethylenediamine tetracetic acid (EDTA) which forms
water-soluble complexes with interfering ions, Sedivee and Vasek (71)
first reported that the specificity of the copper rﬁaction with the
carbamate reagent could be increased in the presence of EDTA, Cheng
and Bray (14) recently reported that only bismuth gives an interfere
ing color with carbamate in the organic phase when extracted in the
presence of EDTA, EDT& serves to keep interfering ions other than
bismuth in the aqueous phace while the copper-carbamate is extracted

inte carbon tetrachloride, This is demonstrated for iron by the data
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in Table 2 which show thest the augmentation of the copper assay caused
by the presence of 2 mg., ferric iron does not exist when EDTS is
present;

TABLE 2

EFFECT OF EDTA &ND ADDED CALCIUM ON THE INTERFERENCE OF
IRON IN THE CARBAMATE METHOD FOR COPPER

Copper Present Fe™** Present | EDTA Added | Calcium Added . Copper Found
Fe ng N mM ? PE
20 2,08 (300)
20 2,08 ; 1.5 20
30 2,08 ; 45
30 2,08 1.5 ‘ 30
20 2,08 1.5 4 ‘ - 28,5
30 2,08 1.5 2e5 33

The usual plant sample, however, contains from 1 to 2 millimoles of
ions which complex with EDTA -~ chiefly calecium and magnesium, Exe
cessive amounts of these ions relative to the gquantity of EDTA pre-
gsent, tend to negate any advantage being gained by the use of EDT4
(Table 2).

& serious drawback teo the use of EDTA is that 1t interferes with
fhe dithizone extraction of cobalt frqm;the same sample in which cc@per
ig being determined, Dithizone extraction of cobalt from an alkalins
solution containing . EDIlis incomplete as shown in Figure 3, Abltempts
to release cobalt from its apparent EDTA-chelate by the addition of
excess calcium wers partially succegsful; however, any attempt to
develop this into a procedure for plant samples seemed pointless. Bee

cause of the foregoing disadvantages in the use of EDT& it secemed
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Figure 3, Effect of EDTA on the diﬁhizone extraction of-cobalto .
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preferable, first, to isolate the copper by dithizone extraction from
acidic solution and then extract cobalt after making the solution
alkaline, Copper may be separated from cobalt by extracting with
dithizone in a solution of pH 1 to 2,

Briefly, the procedure that has been found satisfactory for the
determination of cobalt and copper in a single sample of plant
material, both from the standpoint of gensitivity and relisbility in
the presence of interfering ions, may be outlined as follows (see
algo Figure A)zﬂ

1. Copper is extracted from the solution of plant ash with
dithizone solution, The acidity of plant ash solution is between
pH 1 and 2 for this extraction,

2, The extract is evaporated to dryness and the copper-
dithizonate oxidized with perchloric acid,

3, Copper is determined in the residue by the carbamate
procedure with EDTA present for added protection from extraneous
ions, The absorbancy of the copper chelats in carbon tetrachloride
solution is measured at 515 mp in the Evelyn colorimeter,

Lo, For cobalt isolation, the original plant ash solution
is make alkaline and cobalt, zinc, and lead are extracted with
dithizone solution,

5, The extract is washed with 0,01 N hydrochloric acid to
aecompose zine and lead dithizonates; these elements may be deter-
mined in the acid washings,

6, The washed dithizons extract is evaporated and the cobalte

dithizonate oxidized with perchloric acid,

The procedure is given in detail in the Appendix,
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FPlent Ash .
Solution discard
8ecidie Blkaline
(1) | Dithigzone (4)| Dithizone

Extraction Extraction

Extract contain-
| ing sopper

(2) Evaporated
and oxidized
with HC10,

(3) Copper assayed
with earbsmate
in presence of
EDT&

Extract contain-

ing cobalb
(5)| Extract washed with
0,01 N HCL
Washings for
zine and lead
8858YS
(6)| Extract evaporated and

oxidized with HCIO,

(7) Cobalt assayed with .

nitrosocresol

Figurs 4, Scheme of Analysis for Cobalt and Copper.

(The numbers refer to the steps in the outline on page 22)



7., Cobalt is determined in the residue by the nitrosocresol
procedure, The optical density of the cobald chelate in petroleum
ether is measured at 360 mp with the Beckman spectrophotometer:
Recovery experiments, in which cobalt standards were added to
plant samples before destroying organic matter with nitric and per-
chloric acids, gave good results (see Table 3), Copper recoveries wers
also satisfactorys; one sample gave a spuriously high value possibly due to

a variation in composition of the backing sample.

TABLE 3
RECOVERY OF ADDED CCBALT 4ND COPPER FROM PLANT SAMPLES
Sample Standard Found Recovery , Recovery
Assay, %. Added, % el 4 J
, Cobalt
0,40 1,0 1.40 10 - 100
0,40 1.0 1.35 695 95
0,40 1.0 1,38 .98 98
0,40 0.5 0,93 093 106
0,40 0.5 0,88 VAL 96
Copper
40 30 68 28 93
40 30 67 27 90
40 30 80 40 133
40 £0 77 37 92 -
40 40 79.5 39,5 98

Dry ashing in a muffle furnace generally resulted in low cobalt re-
coveries (70 to 92 per eent) and very erratic copper fecovaries; Ut
less silica was decomposed, following dry ashing, only about two-

thirds of -the added cobalt and copper could be reccvered,

ZING
A satisfactory procedure was not obtained., Some analyses were
made using a mixed-color dithizone method., The semi-quantitative
values obteined with this method indicated smple zinc in the samples

examined,



Methods hdopted

Sampling

Forage samples wers cubt by hand from pasbures located near
Wilburton and on the_experimental rangs at Lake Carl Blackwsll.

Some samples were Qf the individual grass species and others ware
representative of the general grass growth at a particular timé, .80,
early spring grass.

411 semples wers oven-dried, if necesgsary, and cub into short
lengths with shears to avoid contamination with metal from the grind-
ing mill, Sheared sampleg Wéfé stofe& ih éealed”glaSS jars. The
samples were not cleaned except to remove any foreign materisl, In
certain cases the major mineral congtituents were determined on sample
portions that had been ground in a Wiley mill, ALl samples wers
analyzed for pioximate composition,

Major Minerals

A complete analysis of the bulk mineral nutrients was mzde on
most samples using standard analytical procedures, For calcium,
magnesium, and phosphorug determinations, samples were “ached overnight
in a muffle furnace at 425° 0, followed by sextraction of the ash with
hot, dilute hydrochloric acid, Calcium was precipitated from an aliquob
of the agh extract as the oxalate, The calcium oxalate was filtered by

suctiony, dissolved in sulfuric acid and the oxalic acid so cbtained

titrated with 0,05 N potassium permenganate, Magnesium was precipitate
as Mgl,P0, from the combined filtrate and washings from the caleiumm
determination; this precipitate was ignited and weighed as MgP 00 4
Phogphorus was determined in a diluted aliquot of the ash extract by

the colorimetric method of Fiske and Subbarow (27),
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For the determination of sodium and pobtassism, ssmples were asghed

@V@?n'ﬁht in platinum dishes in the mulfle furnace ab 425¢ Gﬁ The ash
was extracted with ho dilute hydrochloric acid and the remaining

silica decomposed with hydroflucric acid, The acid-scluble material
following this tremtment was added to the ash extracts, After
appropriate dilutions the sodium and potassium concentrations wers
determined with the aid of a Perkin-Elmer {lame photometer,

When iron was determined, the ferric thiccyunate complex wag
formed in an aliqguot of the ash extract used for sodiuwm dgﬁeruina%ionﬁ
The color intensities of sample solutions were compeared to those of
standard iren solutions with the aid of a wisual comparator, Destruc.

gilics wag found to be essentisl in order to free the bulk

LS

of the iron,

Trace Minerals

Of the varicus methods fwsilsble for the determination of trace

1]

nounts of metals, we were essentislly limited to thoge based on

gﬁ

gelorinetry.

Manganese was debtermined by the pesriodate method of Willard and

Greathouge {90) in an aligquot of ash exbrasct, Previous workers in
this lsboratory did pot destroy silica in preparaticn of their gamples

(32)(84)., When silica ic destroyed about 10 per cent ¥

values are obtained,

>

Molybdenunm was determined socording to the dirsctions of Tidwell
{84), This method is esssntially that of Barshad in which the thic-
cyanate complex of guinguevalent molybdenum is formed In the presence

&

of stannous chloride {3). The sgtamnovs lon serves to redvce iron %o

o

the ferrous state, The molybdenvm complex is extracted inte ethyl



ether and the color intensity of the esther soluticn determined photo-
metrically., Samples were prepared for molybdsoum analysis by ashing
overnight in a muffle furnsce and extracting the ash zs described above,
Although molybdenim retention by the silica residue is said to be
negligible (3), silice was routinely destroyed with hydroflucric acid
as a precautionary measurs, Recovery of standard amounts of nolybe
denum (2 to 4 pg) added before ashing, was near 100 per cent,

Cobalt and copper were agsayed by the method outlined in the pre=
ceding section, Ashing wias done by the follﬁwing-wet methods &
five gram, oven-dry sample was placed in a 600 ml, tallmform beakgr
with 25 ml. of concentrated nitric acid and digested overnight ou t&%
steam plate, Digestioh was coupleted on a hot plate after the addition
of 10 ml, of ceoncentrated nitric acid, 5 ml. of perchloric acid, and
0.5 ml, of concentrated sulfuric acid, Occasionally it was necessary
to add morse perchloric acid to completsly eliminate charred materisl
from the residue, When the digestion mixture had become clear and
approached dryness the beaker was removed, let cool, and the residus
taken up by boiling with distilled water. A&fter filtraticn the solution
was avapcrateé’down to a volume suitable for analysis, |

In all of the trace mineral analyses, precusbloung were taken %@
aveid cohtaminatiana Different sets of separatory funnels were ussed
for each operation in the cobalt and scopper procedurs; one set was
used for dithizone extracticns, one for cobalt-nitresocresol eyﬁraﬁﬁi@n
and one for ﬁdbpefuéarbamate extractions, Kllnglasswa?@ was pinged’
with nitric acid after sach period of use to remove any adsorbed ions.
Laboratory distilled water, redistilled in glass, was used in &ll pro-

cedures, Acids, excepting the hydrochloric used for neubralizations, '



were not purified nor was smmonium hydroxide,

the reagent blanks averaged 0,08 pg cobalt and 5 ig coppers such a

blank was carried with sach set of samples,



RESULTS AND DISCUSSION

Results of analyses for the minerals contained in comparable
grass samples from the Wilburton and Lake Carl Blackwell areas are
presented in Table 4., The predominant grzss species were Big Blue-

stem (&ndropogon furcatus), Little Bluestem (Andropogon scoparius),

and Indian grass (Sarghastrum mutans). Some of the ssuples were

laboratory composites ¢of the three species and cthers were re-
presentative of the general pasture growth at the sampling date,
In some cases separate analyses were made of the three individusl
species.

Differences between comparabls sampleg in major mineral content
were small and inconsistent, Calcium conpentrations in spring and
summer samples from the two areas ranged from 0,27 to 0,43 per cent,
Likewige, magnesium values ranged from 0,15 to 0,25 per cent,

Neither area supplied sufficient phosphorus in most of these
samples to meet the recommended level for cattile (59)7, Phosphorus
values for Wilburton forage ranged from 0,15 to Qooé per cent and
decreased with the age of the grass, The Wilburton values were often
lower than those for comparable Lake Blackwell samples in which
phosphorus ranged from 0,16 to 0,07 per cent, The calcium-to-phos-
phorus ratio ranged from 2:1 to 731; wide rating tend to decrsage

the availability of phosphorus.

1Supplementaﬁy data are presented in the Appendix,

29



TABLE 4 MINERAL CONTENT OF COMPARABLE RANGE GRASS FROM WILBURTON AN LAKE CARL BLACKWELL AREAS

Sample Date Location Ca Mg P Na X Mn Mo Co Cu
A % 7 7 % ppme ppm.  ppm. PP,
51=526-B 6/51 B? 0.35 0,17 0,11 0,026 1,17 174 0.16 0,04 763
51-526-4 6/5% Wi 0,38 0,15 0,13 0,076 1,77 328 0.12 0,05 8.1
51-526-E 7/51 B1 0.43 0,17 0.10 0,053 1.65 99 =2 0.05 5.72
51-526=5 7/51 W 0,31 0,20 0,08 0,035 1,08 144 0,09 0,05 567
52-526=17  5/52 B 0.41  0.15 0,16 0,005 1,72 173 0,25 0,07 11,0
52-526=10  4/52 W 0443 0,22 0,08 0,023 2,00 340 0,31 0.10 12,0
52-526-20  6/52 B 0.33 -2 0,10 0,010 1.08 41 0.15 0.10 5.8
52-526-18  6/52 W 0,32 0,20 0,10 0,021 1.16 204 0.11 0,09 10,1
52-526~L  7/52 B 0,33 220,07 0,04 165 63 0.05  0.07 5.4
52=526=K 7/52 w 0,37 -2 0,06 0,007 0,78 177 0,06 0,03 6o
52-526-N 9/52 B; 0,32 -2 0,08 0,008 0,83 = 36 R 0.07 6.2
52=526=H 9/52 W 0.42 - 0,06 0,012 1,00 225 0,06 0,04 11,0
5252658  6/53 B 0,32 0,18 0,11 .2 .2 o33 C.11 0,03 5.3
52-526-57 6/53 W 0,27 0,18 0,15 =2 =% 270 0,09 0.15 7a4
52-526-71  7/53 B 0.36 0,17 0,11 w2243 -2 - -2
W 0,38 0,25 0,07 «? =* 208 0,05 0,03 7.3

52252672 7/53

o s o , . . : . . . . .
Major minerals determined in laboratory composite; trace minerals determined in the three
individual species and averaged. ‘

-?% Ingufficient sample for analysis or otherwise omitted,

7 Little Bluestem contained 42 ppm. copper ab this sampling; 1t wss not included in the average.
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Potagsium concentrations ranged from 0,78 to 2,00 per cent with
no consistent difference between grass samples from the two areas;
Generally, the sodium concentration in Wilburton forage was slightly
greater than in samples from Lake Blackwell, The range in Wilburton
gsamples was 0;007 to 0,076 per cent while in Lake Blackwell samples
it was O;OOS te 0,053 per cent,

Iron was found in generous amounts whenever assayed, Values
ranged from 0,045 to 0,293 per cent,' These values are congiderably
higher than those reported by Gibson (32) probebly because silica
destruction was routine in the present series,

In all samples molybdenum was present in amounts far below the
minimum toxic concentration of 5 ppm, The values fangedtfrom 0,31
ppm, in the spring to 0,05 ppm, in late summer, Tidwell (84) re-
ported gimilar values for sémples from these areas;

In both areas the cobalt and copper content of forage spproached
the minimal levels for adequate mutrition of ruminants, Many of the
cobalt values were less than 0,07 ppm. which is considered to be the
minimum level, Copper was present in amounts near the minimum level
of 5 ppm, However, the copper supplied by these forage is probably
sufficient in view of the extremely low molybdenum concentrations,
Published values for similar grass in Kangas are much higher in cobalt,
copper, and molybdenum; the average values are about five times thoge
found in thelOklahoma forage (33). That report serves to emphasize
the comparatively low content of these elements in Wilburton and Lake

Blackwell'foragem However, Nelson et al, (62) found thal supplementing

1 Supplementary data are presented in the Appendixd



the feed of Wilburton cattle with cobalt and copper had no aspparent
beneficial effect. Therefore, a deficiency of copper and/or cobalt
is probably not the primary cause of the poor performance of cattle
at Wilburton,

Manganese was invariably found to be present in concentrations
some two to nine times higher in Wilburton forage than at Lake
Blackwello1 Manganese values in Wilburton samples ranged from 144
ppm. to 240 ppm, but the range in Lake Blackwellvsamples was only
33 to 174 ppm., Manganese concentrations decreased with the age of
the grass, Certain weedy grasses and weeds were alsc found to accu-
milate large amounts of manganese,! To date, the accumulation of
manganese has been the only marked, consistent difference noted be-
tween the Wilburton and Lake Blackwell forage,

In Table 5 are listed the cobalt and copper content of grass
from the two areas by species, Indian grass contained slightly more
cobalt than Big Bluestem, but with sc few samples the difference may
be insignificant, The copper content was more nearly alike for the
three species than the cobalt content, There was probably no signi-
ficant species difference in the aceumulation of manganese although
at times Little Bluestem had somewhat greater concenbrations than
the other gpecies, Species differences in manganese conbent are
shown in Table 6,

The possibility that the greater concentration of manganese in
the Wilburton forage is a contribubing factor to the poor performance

is discussed in Part II of this thesis, Much of the manganese

1 .
Supplementary data are presented in the Appendix,
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T4BLE 5

COBALT AND COPPER CONTENT OF GRASSES BY SPECIES
' (values in ppm.)

: Big Bluestem Littlie Bluesten - Indian -
Date ,_
Cobalt Copper Cobalt Copper Gobalt Copper
Lake Carl Blackwell |
6/51 .03 6,8 .06 5.8 .03 9.3
7/51 .05 5,0 Ne)A (42) 06 o5
7/52 - - .06 5.0 .08 5.8
9/52 .05 6.9 - - 209 545
Wilburton
5/51 =04 6,9 07 9,6 : s 04 7.8
7/51 .05 5.0 .05 boB .06 Tl
752,00 hot 03 b 05 8.2
Range  0-.05  4.6-6.9 032,07 4.4-9,6  .03-400  5.,5-9,3
Ave, 204 5,0 .05 6.0 .06 7.2
TABLE 6
- MANGANESE CONTENT OF GRASSES BY SPECIES
(values. in ppm,)
Date Big Bluesten Little Bluesten Indian
Lzke Blackwell
10/50 &7 A 47
6/51 174 217 . 131
7/51 107 1z 77
Wilburton
6/50 168 219 -
10/50 205 22/, 210
5/51 - 342 314




r“.y
~

Ll

contained in these plant samples eppears to be readily sveilable,
The quantities of manganese obtained from typical samples by wvarious

extraction procedures are shown in Table 7,

TABLE 7

SOLUBILITY OF MANGANESE IN TYPICAL PLANT SAMPLES

Sample Total Manganese Mn Extracted » Procedurs’
| ppm 2
53=526-58 33 48 W
. 33 | 45 8
53=526-57 270 57 W
v 270 98 [
% 270 65 Ac
53=526-73 253 65 L
o 253 83 W-C
o 253 79 A
e 253 79 Ac

! The procedures wars- W, semple refluzed with water overnights
W-C, continucus extraction with water overnight; &, refluxed with:
0,022 N HCL overnight; Ac, extracted by shaking with 2% acetic acid
for 15 minutes,

From thege data it seems likely that a large portion of the

manganese is present in soluble form and could be dissolved by

digestive fluids,



SUMMARY

Determinations were made of the minerals contained in forage
samples from the Range Cattle Mineral Station near Wilburton, Okléw
homa and, for comparison, from the experimental range at Lake Carl
Blackwell, Anélytical results were obtained for the calcium,
phosphofus, magnesium, sodium, potassium, iron, manganese, molyb-
denum, cobalt, and copper concentrationsrin representative samples,

Preliminary work was conducted in search of methods for cobaltb
and copper that would give accurate results at low concentrations
of these minerals, The procedure that was developed permitted
analysis of a singlé sample for both cobalt and copper. A& double
e#traction with diphenylthiocarbazone wag used to isolate cobalt

and copper., Oobalt, after its iscolation, was determined photometii-

cally as the chelate formed with o-nitrosocresol; copper was determined

photometrically as its diethyldithiocarbamate chelate formed in the

presence of ethylenediamine tetraacetic acid, Recovery experiments,

in which cobalt and copper were added to plant samples prior to oxidation

of organic matter, served to establish the reliability of the procedure.

&nalytiéal results indicated that cobalt and copper Were present
in amounts near the minimal level for adeguate nutrition of ruminants;
low amounts were found in samples from both of the areas surveyed.
Molybdenum was found in amounté far below the toxic level in all

samples, The other minerals, excepting manganese, were found to be

35
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present in Similar amounts in compsrable samples from the two areas
or else the differences observed were inconsistent, Phosphorus con-
centrations in most samples were inadequate to meet the recommended
intake for eattile,

The only consistent difference between samples from the two
areas was the accumulation of manganese by Wilburton forage,
Wilburton samples contained two to nine times as much manganese as
Lske Blackwell samples, The greater concentration of manganese in
the Wilburton forage is a(possible factor affecting the performance
of cattle, In view of the low cobalt concentration in the forage it
is possible that a marginal cobalt deficiency abets the effects of

excess manganese and low phosphorus,
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II, EFFECT OF MANGANESE UPON CERTAIN BLOOD CONSTITUENTS OF

BEEF CATTLE



INTRODUCT ION

Meny cattle produced near Wilburton, Oklshoma, are unthrifty,

A premiée was made that the unthriftiness manifests a state of phosphorus
deficiency resulting from the low phosphorus content of the forage.
However, attempts made in 1947 to 1950 to improve the condition of
cattle at Wilburton by feeding a phosphorus supplement were only
partially successful, In partiecular, reproduction was considered to

be subnormal,

Manganese was found to be present in high concentration in Wil-
burton forage, In'view of reported effects of mangsnese on phos-
phorus metabolism, this concentration was considered to be a possible
causative factor abetting the phosphorus deficiency,

The experiment described herein was conducted to explore the
effect of high levels of manganese on certain blood congtituents re-
lated to phosphorus metabolism and anemia in beef cattle, Two supple-
mentary experiments were conducted, one with cattle to show thé effect
of exarcisq_on plasma'phosphprus, and the other to show the effect
ofﬁﬁanganéSe‘in preventing*tha racoveny-of rachitiéhraﬁs;wﬁen dosed
with #itamin“ﬁo The resulﬁs of these two experiments are presented

gnd discussed in this section,

bty



LITERATURE REVIEW

It was pointed out in‘Part I of this thesis that effects of excess
manganege aré similar to those of manganese deficiency., Reports of
inhibited calcification, retarded growth, appetite failure and anemia
caused by high levels of manganese ﬁefe cited therein,

In additional reports it has been stated that excess manganese
disturbs both caleium and phosphorus metabolism. For example, De and
Basu (4) obtained elevated fecal calcium and phosphorus excretion in
human subjects'by supplementing di@ts.with 100 to 200 mg, manganese,
Calcium balances were very negative in some instances., Similarly,
Chornockvgi‘gl. (2) observed incrsased excretion of both ecalcium and
phosphorus in rats receiving high levels of manganese; In that experi-
ment negative phosphorus balances were common,

Reid and his associates (12) found that manganese sulfate supple-
mentation markedly decreased calcium absorption in lactating dairy cows,
Phosphorus.metabolism was unaffected, It further appeared that calcium
absorptiqn was not disturbed when iodine, magnesium, copper, cobalt,
zinc, and iron were included with the manganese supplement. In the
latter case, however, the manganese was provided as a commercilal
mineral nixtores whether or not the apparent beneficial effect of the
additional minerals was real or merely indicative of lower mangansse
availability in the mineral mixture was not precisely ascertained.

Reid and Ward (13) did report balance data which indicated that manganese

45



I
3

availabilities were similar for the sulfate and the mixed mineral
supplement, However, tﬁe supposition of Reid and Ward that differences
in amount absorbed reflect differences in manganese availsbility in the
intestine is not necessarily valid, Manganese retention was low and
practically consﬁan% with daily intakes which ranged from.622°4 ng,
to 1325,6 mg., The amount retained was 154.4 + 9,8 mg, per day;

In a balance study conducted by Gallup et el, (6) six young
steers were fed four levels of gsupplemental manganege, Manganese,
calecium, and phosphorus balances were determined for each animal at
each menganege level, Manganese sulfate was added to the basal ration
in order to establish the 250, 500, 1,000, and 2,000 ppm, supplementsl
levels, Reéults of this study indicated that supplemental manganese
decreased the absorption of bgth calecium and phosphorus, Thé decrease

in absorption was more pronouniced in the case of calcium, o



EXPERIMENT AL

The follqwing experiment, conducted on the experimental range at
Lake Carl Blackwell, was initiated in the fall of 1950, Sixty-four
grade Hereford cows were divided into four comparable groups, During
wintering periods each group was confined in a small trap. The basal
ration fed during the winter congisted of prairie hay, salt, and l.4
lbs, of corn gluten meal per head daily, The cows of Group 1 serwved
as controls; Group 2 received the basal ration supplemented with
enough manganese. sulfate to make the manganese content of the ration
250 ppm.3 Group 3 received the basal ration supplementgd with manganous
sulfate to a concentration of 500 ppm. manganeseéiand Group 4 received
the same ration as Group 3 plus 400 mg, iron and 40 mg, copper per head
daily,

During the summer periods; from #pril to mid-November; each group
grazed in individual native grass pastures; the groups were periodically
rotated among the pastures throughout the summer, The manganese and
mineral supplements were continued during the summer by mixing the
mineral salts with corn which was fed on alternate days at the rate of
-1 1b, per head daily, |

The cows in ell groups were bred in early summer and the winter
erop of calves was weaned in October, Production data for this experi-
ment were collegted and analyzed by the Animal Husbandry Department;

birth and weaning weightég cow weights, and the number of calves born_
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and weaned are on record in that Department, In ganerals production
was satisfactory in all groups,

Venous blood was collected in citrated tubes from one-half of the
cows in each group at regular intervals throughout fhe vear, Plasma
inorganic phosphorus was determined in each sample as a means of as-
certaining nutritional status with respect to phosphorus in the wvarious
groups, DBecause excesg mangenese had been guggested to induce anemia,
erythrocyte counts, hemoglobin, and hematécriﬁ,datérmingtigng”w@gé*ma&é on
each sample, Plasma protein concentrations were also détermined.

Erythrocyte counts were determined indirectly by meaguring the 1
turbidity of a diluted sample at a wavelength of 660 mp with the Evelyn
colorimeter, The dilution was 0,02 ml, of blood in 10 ml. of isotonic
saline solution, A& standard curve relating turbidity and red cell
count had previously been established by measuring samples that had also
been counted directly, Hemoglobin was determined by the acid hematin
procedure (3) in the same diluted sample that had been used for the
erythrocyte count, The color density was read at 540 mp in the Evelyn
colorimeter, This procedure had been previcusly standardized By
measuring hemoglobin in a series of samples using the iron method of
Wong (16), Hematocrits were determined by centrifugation at 2000 r.p.m.
for thirty minutesvin Wintrobe tubes, So that valid comparisons of
hematocrits could be made, all blood samples for each collection were
centrifﬁged at the same time, Plasms protein concentraﬁion was deter-
mined indirectly by its correlation with the specific gravity of the
plasma (11), Pléémé inorganic phosphorus {trichloroacetic acid-soluble

phiosphorus) was determined by the method of Fiske and Subbarow (5).



RESULTS AND DISCUSSION

Summarized blood data are graphically presented in Figures 5 to
9. These graphs were prepared by averaging the blood values obtained
for each group of cows during the summer and winter periods, Each
point on the graphs represents a seasonal mean fof one group of cows,
i éomplete tabulation of the blood data is in the Appendix,

Hemoglobin data are summariged in Figure 5, The cows comprising
Group 3, whose ration cénﬁained 500 ppm, manganese, were found to maine
tain lower hemoglobin values than those of other groups, Seasbnal
means for Group 3 ranged from 9.9 to 11.3 per cent hemoglobin as com-
pared with 10.5 to 12,1 for the other groups. This tendency toward
low hemoglobin values appears to be a characteristic of thét group and
not an effect due to high manganese consumption. Group 3 entered the
experiment with a lower mean hemoglobin.level than the othgrgroupso
During the winter periods in 1953 and 1954 certain individual hemo-
globin values dropped as low as 5.3 to 8.4 pér cent; at those times
_éuch cowg were considered to be anemic., In all groups the seasonal
meang for hemoglobin fluctuated mildly,

Erythrocyte counts, expressed as seasonsl means, did not closely
follow the hemoglobin pattern (see Figure 6), The counts for Group 3
cowé dropped noticesbly during 1952 and the winter of 19539 a period
in which the other groups mainbtained steady or slightly increassd

counts, In 1953 the winter mean for Group 3 was 6,03 million per cmm,
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Figure 5, Seascnal hemoglobin levels by groups.
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which was about 700,000 below the other groups, This period of low
values for Group 3 was trangitory, however, and in the winter of 1954
all of the groups maintained similar erythroeyte counts,

The hematocrit curves (see Figure 7) resemble those for hemoglobin,
This reosemblence emphasizes the individuality of the four groups of
cattlé as indicated by the preceding graphs; in each graph the relative
stanaings of the four groups remain essentially unchanged from the
experiment®s inception, Persistent experimental effects are not
apparent in these messures of blood conshituents, Group 3 hematocrit
values ranged from 30 to 34 per cent ané were from 1 to 2 per cent
lower than those of the other groups, The anemia that occurred in
some individuals was also indicated by hematocrit velues which were as
low as 18 to 25 per cent,

Plasma protein ccrcentrations among the four groups were very
similer; however, the seasonal fluctuations were marked (see Figure 8).
The values for the groups usually varied lsss than 0,3 percentage unit,

If high manganese supplementation intensifiesvphosphorus deficiency,
it would be expected that the plasma phosphorus level would be decreased
by the éxperimental treatments, The data suggest that such an effect
did occur in Group 3vduring 19523 the mean plasma phosphorus for this
group was about 40 per cent lower than that for ény of the other groups
during that summer (Figure 9), However, since this trend was not observa
ed in the following year, it is doubtful that the decrease im plasms
phosphorus Was’ah eiperiﬁént81 effect° “In fact, rather -than showing a
definite trend, the plasma phosphorus levels wers extremely erratic .
during the following summer (1953). At each ecollection that summer

some one'gfoup showed a markedly lower concentration of plasma phosphorus
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than the others, On July 2, Group 2 had the lowest phosphorus values
but on July 14 and August 4, Group 1 was the lowest, On September &,
Group 3 was the lowest; and on November 10, Group 4, Preceding each

of these dates, the group indicated had suffered a large drop in plasma
phosphorus, Each one of these groups had occupied the same pasture
during the period in which thelr plasma phosphorus decreased with one
exception, that being Group 1 on the July 14 bleeding date. One year
earlier Group 3 grazed in that same pasture for the entire summer,
During that period the cows in Group 3 had constantly low plasma
phosphorus values.

The pasture in question is somewhat isolated and on each bleeding
date it was necessary to drive the catile approximately one and onee
half miles to a corral, None of the other groups had to make such a
trip., It is suggested that moving the cattle from the isolated pasture
was partially responsible for the low plasma phosphorus concentrations
that were observed, Palmer et al, (10) showed that exercising dairy
cattle caused decreases in plasma phosphorus averaging 22 per cent of
the normal values when measured 30 minutes following thé'exercise periocd,

The following experiment was conducted in order to determine the
effect of exercise on tﬁe plasma phosphorus of beef cattleé Blood
samples were obtained for plasma phosphorus determination from cows that
had been at rest overnight.,  Some of the catile were then exercised by
driving them approximately two and one<half miles. Blood samples were
again obtained following the exercise and the plasma phosphorus con-
centrations compared to those obtained from the céws>at rost, ‘This

experiment was conducted on February 3, 1954 and again on June 16, 1954,
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The data obtained are summarized in Teble &', In the June trizl,
exercise caused a marked decreasse in plasma phosphorus; the average
decrease was 27 per cent of that present before exercise; During
the winter, when the phosphorus level had fallen relatively low,
such marked decreases did not immediately follow exercise (February
triel), However, during the two hours after exercise the 1evei
decreased by an average of 0,56 mg. per cent in the exerciged cows,
but only 0,15 mg. per cent in those not exercised,! It was observed
that the variation in plasma phogphorus without exercise was congide
erable, In theyJune trial this variation amounted to about 15 per cent
in approximately one hour., Because of day-to-day fluctuétions9 Palmer
gi_g%o (10) used the mean plasma phosphorus for three consecutive days
as tﬁe true phosphorus value, Henderson and Landinghem (7) pooled
alternate-day samplings over a period of 12 days for their representa-
tive blood sample,

TABLE 8

EFFECT OF EXERCISE ON PLASMA INORGANIC PHOSPHORUS

Date - June 16, 1954 ’ February 3, 1954
Treatment Exercised | Not Exercised | Exercised | Not Exercised
No. of animels 16 16 8 o 8
Initial plasma - : :
phosphorus, mg.%  4.54 457 2,69 2034
.
Mean change, mg.% aloZG* =0,69 w0442 =0,33
Range, mg.% +0,40 to  +1,40 to +0,20 to  +0.36 to
«2,88 1,84 ‘ =0,96 =0,68

* The difference in means. is significant at the 2,51 level,

It is possible that other factors influenced the plasma phorphorus

of cattle grazing in the isolated pastire, . Although Group 2 was

4 complete tabulation of the data is in the Appendiz,
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pastured there, those animals were not driven to the corral for bleed-
ing during 1952, Exercise Would not have been as important a fsctor
effecting the low plasma phosphorus that summer, That pasture may con-
tain less phosphorus than the others; in July, 1953, grass in that
pasture contained only 0,08 per cent phosphorus and 34 ppm, manganese
while the other pastures contained an average of 0,11 per cent‘phosw
phorus and 44 ppm, manganese,

The experiment at Lake Carl Blackwell has not served to demon-
strate any persistent effect of mangarese on phosphorus or certain
other blood constituents, The low hemoglobin and hematoerit values
of Group 3 seemed to be characteristic of those animals and unrelated
to high mangansese supplementation, In this experiment, manganese has
not ceused persistent aphosphorosis or anemia;

Although this experiment has furnished little evidence of an
effect by manganese on phosphorus metabelism, such an effect has been
well established by other investigatoré; Thé.mechanism by which execess
manganese exerts its influence on phosphorus is not clear, Some workers
have suggested that insoluble mangenous phosphate is precipitéted in
the intestine thereby decreasing phosphorus availability (l)o ‘If such
were the case, the quantity of manganese fed in this experiment, like
that contained in Wilburton forage, could remove 20 per cent of more
of the total phosphorus consumed, Such precipitation would certainly
promote phosphorus deficiencies at Wilburton where phosphorus is already
limited in amount,

However, it is not certain whether such a mechanism adequately
explains the effects of manganese, Slight solubility of mangancus

phosphate may be relatively unimportant since calcium phosphate, a
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poorly soluble salt, readily satisfies the physiological demands for
caleium and phosphorus, Whether manganous phosphate would satisfy
the demand for phosphorus is not known, As a2 source of manganese,

it is no less effective for prevention of perosis (a manganese de-
ficiency disease) than other more soluble manganese salts (15).
However, manganese requirements are small in comparison to phosphorus
requirements; the relative'availabiiity of insoluble salts for a
trace mineral and a bulk mineral may bé quite different,

Any mechanism explaining the effect of manganese on phosphorus
metabolism should also account for the disturbed metabolism of
caleium, De and Basu (4), Chormock et al. (2), Reid et al. (12), and
Gallup et al. (6) 2ll observed increased fecal calcium excretions in
the presence of excess manganese; It is not élear why intestinal
precipitation of manganous phosphate should increase calcium excretion,
In the experiment of Gallup et al, (6) the ration used had an unfavor-
able calcium to phosphorus ratio of 0;54; Pyecipitatidn of phosphate
from this ration in an unavailable form should9 in fact, tend to im-
prove the ratio and thereby promote caleium absorption rather than in-
crease calcium exeretion,

The offect of manganese on calcium absorption could be either in-
direct, by means of disturbed phosphorus absdgrption not involving in-
teétinal precipitation of phosphorus, or the direct antagonism of calcium
 absorption by execess manganese, 4n indirect effect on calcium
abscrption may be conside?ed as follows: When excess phosphorus is
present in the intestine calcium absorption is reduced, This is seen
in high phosphorus rickets and in uremia when phosphorus exeretion is

necessarily by way of the intestine, Consequently, if phosphorus were
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caused to accumulate in the intestine as the result of interference
with the mechanism of phosphorus absorption, it would indirectly
cause increased calcium excretion, Sadisavan (14) found that excess
zinc interfered with phosphorus absorption and that incressed fecal
excretion of phosphorus accompanied high zinc supplementation, but
the increase in phosphorus excretion was not as insoluble zine
phosphate, He observed that the activity of alkaline phosphatase in
the intestine was decreased by zinc which implicates this enzyme in
the process for phosphorus abscrption, Other workers have suggested
that intestinal alkaline phosphatase participates‘in the active
absorption of phosphorus, but evidence is indirect and based mostly oh
histological data (8)., FExcess manganese might interfere with active
phosphorus absorption by inhibiting phosphatase but this has not yet
been established.

& direct antagonistic influence on calcium metabolism is the other
possible effect of manganese involving calcium, Bluﬁberg et al, (1)
and Chornock et al. (2) noticed improvement in manganese-induced
rickets when %itamin D was provided; \Ch0rnockﬂs group’also found that
eitrate feeding was of some value in itréating manganese rickets, Bbth
of these treatments tend to reduce frée calecium in the intestine and
consequently stimulate phoéphorus absorption; Since calcium absorption
,iézlargely controlled by vitamin D, the ébove observations are
suggestive of a mangansse-vitamin D interactipno

& ?reliminary experiment was condu.ct,ed in ordsr to examine this
last point, Fifty weanling rats were rendered rachitic by feeding the
Steenbock rachitogenic diet for four weeks, This ration was constructed

as followss corn, 75 per centy corn gluten, 20 per cent; calcium
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PN

carbonate, 3 per cent; sodium chloride, 1 per cents and dried yeast,

1 per gent. Lysine was added as the racemate at a level of 0,25 per
cent, The ration assayed 1,20 per cent calcium, 0,30 per cent
phosphorus, and contained 12.7 ppm. manganese, - A4t the end of four
weeks on this ration, the colony had developed severe rickets; tibise
line tests on four individuals confirmed their rachitic condition,

At that time, the remaining rats were placed at random inte nine

groups of five rats each. The experiment had thres treatments consist-
ing of (a) the basal rachitogenic ration, (b) the basal ration plus
0,15 per cent manganese, and {¢) the basal ration plus 0,50 per cent
mangansse, Manganese was supplied as the carbonate, Vitamin D
(irradiated ergosterol in corn oil sclution) was given at levels of

0, 5, and 50 units per rat on the second end fourth days. On the
seventh day of the experiment, the surviving rets were killed and

the tibise collected, During the week of Vitamin D supplementation
the colony became infected and several rats died with a pneumonic
disease, The presence of this disease relegated the experiment to a
preliminary status, The severity of rickets after seven days was
determined by measurements of the extent of metaphyseal recalcification
in the tibise, These measurements were taken from a radiogram of the
tibiss, This data is presented in,Figure]b. Bach point represents the
average of the measurements on the tibise from all of the surviving
rats in a group; most groups had four survivors, Vitamin D adminis-
tration prompted immediate recalcification but the effsctiveness of

the vitamin was reduced by the presenca of menganese, The 0,5 per
cent level of msnganese reducsd the efficacy of the witamin to sbout

one-third, &1l the rats that received no vitamin D showed severe
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50 units vitamin D
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. Ca%eification Index
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ol5 »50

Manganese, per cent

Figure 10, Effect of added manganese on the response of rachitic
rats to vitamin D, ’ '
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rickets at the end of the experiment with the exception of one at each
level of supplementary manganese,

Since the action of vitamin D is believed to be directly on
caelcium absorﬁtion (9) this experiment indicates that excessive
manganese interferes directly with caleium absorption by decreasing
the efficacy of vitamin D. Decreased calcium absorption would help to
account for the decreased absorption of phosphorus, This is suggested
as a paftial explanationvfor the increased‘calcium and phosphorus
"éexcretions observed when feeding excess manganese, It is recognized
:that the amount of manganese provided is suffigient to precipitate
the phosphorus in the ration provided such a.pfocess is of importance,
In that way, the action of manganese might be.éonsidered to amplify
the unfavorable calcium to phosphorus ratio already existent in the
ration, However, the data of Chornock et al. (2) indicate that inter-
ference with caleium and phosphorus metabolism was marked only when the
calcium to phosphorus ratio was unfavorable; Narrowing this ratio
permitted positive phosphorus balances although the calcium plus

manganese to phosphorus ratic remained wide,
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SUMMARY

The effect of supplementary manganese on hemoglobin, hematoerit,
erthrocyte count, plasma protein, and plasma inorganic phosphorus in
beef cattle blood has been examined, Supplemental manganous sulfate
at levels of 0, 250, 500 ppm. manganese, and 500 ppm, manganese plus
iron and copper was fed to ‘similar groUpswo£3Herqfonﬂ,cowsu*;Blood”wasz
sampled periodically over a three year period for determination of the
different constituents., No persistent effects due to the consumption
of manganese were noted on these blood constituents, The low hemo-
globin and hematoerit values observed in blood samples from the group
receiving 500 ppm; mangenese seemed to be characteristic of the.animals
comprising thet group and not dus to manganese, |

Low plasme phosphorus values were observed at times for all of the
groups, but these appeared to be unrelated to manganese supplementation,
It was found that exercise caused lowered plasma phosphorus values in
beef cattle as had ﬁreviously been reported for dairy cows, Exercise
may have been responsible for some of the low phosphorus values in
this experiment.

Data obtained from a preliminary preriment with rachitic rats
indicated that manganese may interfere with the action of vitamin D,
Such an interaction may help explain the decreased absérption of caleium
and phosphorus in the presence of excess manganese that had been -

noted by other investigators,

64



3s

bo

50

%
10,
11,

12,

BIBLIOGRAPHY

Blumberg, H., Selling, D,, and D, &, Jackson, The production of
menganese rickets ‘n the rat, J. Nutrition, 16, 317 (1938).

Chornock, C., Guerrant, N. B,; and R, 4 Dutcher, Effect of
manganese on calecification in the growing rat, J. Nutrition,
23, 445 (1942),

Cohen, B., and A, H, Smith. The colorimetric determination of
hemoglobin, J. Biol, Chem., 39, 489 (1919)

De, H, N,, and K. P, Basu, Mutual influence of minerals in
mutrition, Indian J. Med. Res., 37, 213 (1949).

Figke, C, H,y, and ¥, Subbarow, The colorimetric determination of

phosphorus, J. Biol, Chem,, 66, 375 (1925),

Gallup, W, D,, Nance, J. 8., Nelson, &, B,, and A, E, Darlow,
Forage manganese as a possible factor affecting beef cattle,
J. Animal Sci., 11, 783 (1952),

Henderson, H. 0, and &, H, VanLandingham, Method for obteining
representative samples of blood for inorganic phosphorus
in dairy heifers. J. Dairy Sci., 15, 313 (1932),

Moog, F, The physiological significance of the phosphomoncesterases,
Biol. Rev, Cambridge Phil. Soc., 21, 41 (1946),

Nicolaysen, R,y and N, Eeg-Larsen, The biochemistry and physiology

of vitamin D. YVitamins and Hormones XI, p. 29, Acadenic
Press, New York (1953), =~ ‘

Palmer, L, S,, Cunninghem, W, S., and C, H, Eckles, Normal
variations in the inorganic phosphnrus of the blood of
dairy cattle, J. Dairy Sci., 13, 174 (1950),

Phillips, R, &,, Van Slyke, D, D.,, Dole, V. P,, Emerson, K., Jr.,
Hamilton, P, B,, and R, M. Archibald, Copper sulfate method
for measuring specific gravities of whole blood and plasma,
Josiah Macy, Jr. Foundation, New York (1945),

Reid, J. T,, Pfau, K, 0., Salsbury, R, L., Bender, C, B,, and
G, M, Ward, MNineral metabolism studies in dairy cattle,
The effect of manganese and other trace elements on the
metabolism of caleium and phosphorus during early lactation,
J. Nutrition, 34, 661 (1947),

65



13,

15,

16,

66

Reid, J. T, and G, M, Ward, Mineral metabolism studies in dairy
cattle, Manganese metabolism in the lactating bovine,
Jo Nutrition, 35, 591 (1948).

Sadisavany; V, The biochemistry of zinc, Further investigations
on the influence of zinc on metabolism, Biochem. J., 52,

452 (1952),

Wilgus, H. S, and A&, R, Patton, Factors affecting manganese
' utilizetion in the chicken, J, Nutrition, 18, 35 (1939).

Wong, S. ¥, The colorimetric determination of iron and hemoglobin
in blood, J. Biol, Chem., 77, 409 (1928),



APPENDIX

&, DETAILED PROCEDURE FOR THE DETERMINATION OF COBALT AND COPPER,

Oxidize a five gram, oven-dry sample of plent material by the wet
method described in the text, A&fter dissolution of the soluble residue
and removal of the silica by filtration, evaporaté the solution to a
small volume and trangfer to a 125 ml, separatory funnel, The total
volume should be 35 to 45 ml, at this poinf, Neutralize the contents
of the funnel with ammonium hydroxide to the methyl red endpoint and
add enough standardized hydrochloric acid to give a pH between 1 and
26 Extract.with repesated 10 to 15 ml, portions of diﬁhenylthiocarbazone
solution (saturated in carbon tetrachloride) until the extract attaing
the green color of the dithizone solution, Two extractions are usuaily
gufficient, Evaporate the combined extracts to dryness, then add 4 .
ml, of perchloric acid, cover with a watch glass, and heat on é hot
plate until the solution is colorless., Then remove the cover and fume
off the remaining acid, Small, 100 ml, beakers are convenient for the
preceding_steps; toward the end of the fuming-off process they may_ be :
laid on their sides in order to keep the temperature low on the bottom
of the beaker where the residue of copper perchlorate is deposited,
Wash the residue into a 60 ml, separatory fumnel reserved for this
step, The volume should be held to aboul 10 ml,

The procedure for determination of copper follows that of Cheng

and Bray (14). 4dd 10 ml. of a mixture of ethylenediamine tetracetic

67



68

acid and smmonium citrste (20 grams of émmonium citrate and 5 grams of
the digodium gsalt of ethylenediamine tetracetic acid in 100 ml, of
purified water), end add gmmonium hydroxide until the solution is basic.
Then add 2 ml, of 1 per cent, filtered, agueous diethyidithiocarbamate
solution and extract with 15 ml. of carbon tetrachloride, Run the ex-
tract into a test tube and keep the tube Stoppereds It is necessary to
filter the extracts before measuring their absorbancy; this may be done
conveniently using a small fummel and filtering directly into a colori-
meter tube, Measure the absorbancy ofvthetfiltered extfa¢fs at 515 mu
and compaie¢ with standards treated in the same manner,

For cobalt determination, add 300 ml, of purified 20 per cent
sodium citrate solution to the solution in the large separatory funnel
remaining after isolation of the coppef with dithizon;, Neutralize
the solution with ammonium hydroxide to the phenolphthalein endpoint
end extract repeatedly with dithizone solution. Repeat the extractions
until the extract has the original green color of the dithizone solution.

If zinc or lead are desired they may be isolated ﬁrom the dithi-
zone extracts by waéhing with 0,01 N hydrochloric acid; this may be
omitted, IEvaporate the combined extracts_to dryness and oxidigze with
perchloric acid as before, Take up the residue with hof water and
transfer to a 60 ml, separatory fumnel reserved for this step, The
volume should be held to about 15 ml, at thig stage.

The determination of cobalt in this solution is carried out 2s
directed by Gregory et al, (35). Add 5 ml, of pH 7.8 sodium borate
buffer, 2 ml, of o-nitrosocresol (ih buffered solution prepared by

extraction of the stock petroleum ether solution), and 5 ml, of



petroleum ether, Shake vigorously for 10 minutes and discard the
aqueous layefo Wash out excess reaggnt by shaking the petroleum ether
extract with 1 ml, of 1 per cent cupric acetate solution; and wash the
extract once with 5 ml, of water and then with 5 ml, of hydroxylamine
solution which will reduce any ferric iron that was carried over into
the petroleum ether, Determine the absorbancy of the petroleum ether
extract at 360 mp using solvent as the blank, Take care to correct
for the age of the reagent by using a calibration curve prepared with

reagent of the same age as that used in the determination,



B, Composition of Various Pasture Samples from Wilburton
and Lake Carl Blackwell Areas

- Proximste Composition of Dry Matter

Sample Description Ash Protein Fat Crude Nefree
Fiber extract
AR S S S
Wilburton
1. 50-526-102 Big Bluestem . 0,70 5,67 1.7 32,93 52,96
2, 103 Little Bluestem 5.65 4,83 1.51 31,51 56,50
3. 112 Big Bluestem 7.52 3,48 1.59 37.37 50,31
bo 113 Little Bluestem 9,40 3,38 1.82 34,58 50,82
5, - 114 Indian grass 9,26 3,48 1.82 34,15 51,30
6, 51-526-139 Spring grass 8,90 11,58 2,94 26,25 50,33
7. 141 Big Bluestem
8, 142 Little Bluestem! 8.03 9.59 2,03 36,41 43.94
9. 143 Indian grass
10, 175 Big Bluestem 6,12 5,59 1,85 35,45 50,99
11, 176 Little Bluestem 6,81 4,99 1.51 35,91 50,78
12, 178 1Indian grass 8,70 5,61 1.75 35,23 48.71
13, 52=526- 10 Spring grass 10.32 17.91. .44 22,33 47,00
14, 18 Summer grass 7,65 8,62 1.83 31,91 49.99
15, 21 Big Bluestem .
16, 22 Little Bluestem 6,84 4.86 2,02 31,23 55,05
17, 23 Indisn grass
18, 30 Big Bluestem :
19.: 31 Little Bluestem 6,87 4.52 Ro17 33,59 52,85
20, 32 Indian
21, 53«526~ 57 BEarly summer grass7.,03 9,18 1,75 32,49 49.55
22, 72 Summer grass 6,00 4% 3,36 34.85 50,85
23. 73 Late summer grass 7.l4 6,21 2,98 34,03 48.64
Weeds and Miscellsneoug Grasses
24, 50-526-115 "Dog heir" grass 6.38 9,21 1,82 28,31 54,28
25, 116 Broom weed 6,79 8,38 6,17 30,47 48,19
26, 117 PFalse dandelion 7,90 4.25 6,50 32,21 49,14
27, 51=526-144 Tickle grass? - P - - -
28, 145 ™og hair® grass?® - = - - -
29, 146 Vetch grass 8,07 25,94 3,12 28,55 34,32
30, 184 Wire grass 8,21 5,75 3,17 35,76 47,11
31, 188 ™og hair® grass 8,01 6,22 1.55 34,93 49.29
32, 52-526- 11 Yarrow? - - o - -
33. 12 Mullen? o - - - -
3k 13  Cone flowerz - - = - -
35, 14 Indian paint brush?- - - - -
34, 19 Wire grass? - - - - =
37, 2/, Brome sage * - - = - -
33, 25 A Panicum species?® - - - - -
39, 26 Ragweed? - - e - o



Mineral Composition of Dry Matter

Ca P Mg Na K Fe Mn Mo Co Cua
A A % % A %  ppm. ppm. PPM.  PpM.
. Wilburton - :
1, .33 .07 .22 0052 543 ,009% 168 064 L09% .2
2., .32 07 .18 ,003° .46 ,010% 219 .134 J08% .2
3. W32 .04 L1 0062  .25° ,028% 205 15 B
he o36  L,04 ,08 .0033, 203 ,020% 224 L 124 2
5. .29 ,03 L,10 ,007° L3132 ,0153 210 (LY 124 -2
6. L5011 W14 037 2.70 L0243 269 L114 - R -2
7o .18 .14D 2,11 -2 - 013 204 6,9
8, .38' .13V 14 ,063 1.60 <2 342 13 07 9.6
9. 12,025 1,60 ,055 334 .09 .04 7.8
10, . <23 068 1.30 2 ,12  ,05 5.0
j—lo 0311 008 019 0034 ‘ lol6 "’2 1-4’/4»1 009 005 408
12, , 20,003 0,77 2 07 06 T4
13, W43 .23 ,235 ,023 2,00 L100 340 ,30 L16 12,0
1he 32 10  ,20° L0721 1,16 ,100 204 L1106 10,1
150 0012 055 =2 1 007 oOD 4—06
16, 377 06 2,012 76 21770 06 .03 Ll
17, ,022 »50 -? 04 05 8,2
18, ) 012 1.20 =? LO7 06 15,4
190 04'21 006ﬂ = 0015 089 Gz 2251 002 005 804—
20, ,037. 1,08 o2 Jdo .02 9.2
21, .27 .15 .18 =2 -2 2270 ,09 15 7.5
22, .34 .07 .25 =2 -2 -2 208 ,05 .03 7,3
23, .34 08 w2 -2 -2 =% 253 -2 R -2
24, .37 .09 .15 007 .61 T.053% 730 2,05 .90, -2
25. .75 12 .21 046° 1,07 ,009° 881 034 oo -2
26. 1.11 .04 .34 .029° .72 ,000" 231 ,00% ,03" =R
27, L19 .17 .18  ,153 1,95 .089 334 .8 .05 9,0
28, .35 L15 .27 ,152 2,33 151 556 .53 .53 10,3
29, 1,27 .52 .38, 184  3.88 077 76 .32 .2, 22,0
30, .26 .07 - - R -2 385 ,23 ,09 7,2
31, .26 06 .23  L010 .67 -2 305 12,15 9.5
32, 1,00 Al L39  L,105 . 3.35 107 545 2 a2 -2
33, 1,49 W34 W45 017 3,95 114 209 =3 =? -2
3ho 68 L29 . .32 061 3,60 L074 297 =2 wg -2
35. 1,37 .31 J43 045 3.92 109 195 . =2
36, .36 .08 .19 076 6L ,293 308 .26 =2 e
37, .16 11 ,18° 020 .87 -2 218 .03 06 9.8
33, -2 .08 -2 048 .93 -2 208 -2 .1 8,2
39, 2,30 L17 1,04 066 2,16 =% 173 04 .07 25,2




Proximate Composition of Dry Matter

Sample Degcription Ash  Protein Fat Crude Nefree
Fiber extract
% % %

Lake Carl Blackwell

39, 50-526-120 Big Bluestem 5,97 2,28 1.32 A0.T1 49,72

40, 121 Little Bluestem 4,72 1,78 1,39 39,36 52,75

41, 122 Indian grass 6,46 1,81 1,13 40,77 49,83

42, 51-526-147 Big Bluestem .

43, 148 Little Bluestem®8,11 8,07 2,04 33.35 48.43

by o 149 Indian grass

L5, 180 Big Bluestem?® - - - w -

46, 181 Little Bluestem 9,76 5,73 2,13 33,83 48,55

47, 182 Indian grass? - - - - -

L8, 52-526- 17 Spring grass 10,49 13,30 1,20 33,59 41,52

49, 20 Early summer 8.46 7.94 1.94 32,85 48,81
grass '

50, 27 Big Bluestem _

51, 28 Little Bluestem?'6.,61l 4.82 2,11 33,10 53,36

52, 26 Indian grass

530 37 Big Bluesgtem ,

546 38 Little Bluestem 6,78 50,03 2,01 33,01 53,17

55, 39 Indien grass

56, 53=526. 58 Early summer 6,82 7,73 2,76 30,80 - 51,89
grass

57 71 Summer grass 7.27 6,89 3,40 32,51 49.93

58; 52-526- 16 Broomsedge? -2 o - = -




Mineral Composition of Dry Matter

Ca P Mg Ka K Fe  Mn MNo Co Cu
/2 S % % %  ppm ppm ppm ppu
Leke Carl BlackwelLi

40. .22 03 14 L0043 603 L016% 47 1% 03 .2
Alo 625 002 907 ,0043 033? 00213 11.7 9064’ 0074’ "'2
42, W25 ,02  ,15  ,003% ,353 0407 47 J11% 124 R
43, o34 , +15 .029 1,17 .045 174 .20 .03 6.8
. .35 .1t .18 .03 1,18 061 217 .17 .06 5.8
45, 233 17 ,012 1,16 042 131 ,11 .03 9,3
46, A W12 .18 037 1.8, 093 107 % .05 5.0
47, A2 .09 -2 011 1,77 =2 112 =2 04 42,
48, 43,10 mg ,053 1,65 =277 -2 06 9.5
49, A1 16,157,004 1,72 L0700 173 .25 07 11.0
50, .33 .10 .07® .00 1,08 116 41 .15 ,10 5.8
51, ; 2 ] 22 2 2 .2
52, .33 .07 -2 .008 .72 -2 63 .05 06 5.0
53 - 007 .56 2 05 5,8
5., , -, <005 1,21 -2 =2 .05 6.9
55, «32° .08 < 011 632 =< 36! -2 -2 L2
56, -2 007 .96 -2 =2 09 5.5
57, .32 10,18 - 2 =2 2233 11 .03 5.4
58, .36 .10 .17 - 2 -2 -2 43 2R e
59, 21 .18 18 011 .94 .153 223 14 04 14,0

Big Bluestem, Little Bluestem, and Indian grass were combined for
analysis,

2 o g 2 ‘ N . o
Insufficient sample for proximate analysis, or asnalysis otherwise
omitted,

3Value is insccurate because of a faulty method.

4Value obtained by Tidwell (84).

°Semi-quantitative result obtained,
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C. Blood Constituents of Cows at Lake Carl Blackwell
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D, EFFECT OF EXERCISE ON PLASMA INORGANIC PHOSPHORUS

February 3, 1954

Initial Treatment Second Phosphorus Phosphorus after Phosphorus

Phosphorus Bleeding change 2 hour rest change
mg 7% mg.% ng.J mg 7% mgx:i
1.8/ Driven for 2,04 +0,20 1,12 ~0,92
2,52 2.5 miles 2,36 0,16 1,32 1,04
2,76 2,28 0,48 1.92 -0,36
3.64 2,68 =0,96 2,28 <0040
2,92 2.56 -,036 2.40 =0,16
2,56 1,96 =0,60 1.52 <0044
1.72 1.44 =0,28 1.20 <0024
3056 20845; "0672 1596 ‘30088
bve.2,59 2,27 =0,42 1.71 =0.56
2.12 Regted for 2,04 =0,08 2,12 +0,08
2,00 1.5 hours 1,44 0,56 1.32 ' =0.12
1,16 1,52 +0,36 1,52 0,00
2,00 1.68 =0,32 A =0,24
2,76 2640 =0,36 R.24 0,16
2028 10 96 50‘6 32 lo 56 =0940
3,36 2,68 =0,68 2,28 =0,40
3,04 2,36 =0,;68 2:40 +0.04
bve,.2,34 2,01 =0,33 1,86 =G,15

Mean total change for exercised animals = <0.98 mg.%

Mean total change for non-exercised animels = -0,48 mg.f

G4
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EFFECT OF EXERCISE ON PLASMA INORGANIC PHOSPHCORUS {continued)

Initial Seeoﬁd Phosphorus Average
Phosphorus Treatment FPhosphorus change change

ng.% ng % ng.% ng.%

June 16, 1954

3,24 Driven about 2.04 =1,20
2,40 2,5 miles 2.12 =0,28
3,80 2,12 «1,68
2,48 1.56 =0,92
Lo20 3,52 -0,68
6,36 4072 =1.64
5,76 3,56 =2, 20
6.32 5,12 =1,20
5.20 3,56 =l,64
5,20 2.56 =1,64
4,08 3,12 =0,96
4040 3,68 . =0,72
4,60 3,00 =1,60
4,88 3.52 ~1,36
Lol2 4052 +0,40
5,64, 2,76 2,88 =1,26
3,56 Rested 3,20 =0,36
4,20 Lo'l2 +0,52
1.92 2.24 %0,32
2,41 2,40 =0,01
500.4 3096 ""’L—Qg
6,80 6,32 =0,48
5,60 6044 +0,84
4,40 3.44 =0,96
Lol 4.88 +0,64
4036 412 =0,24
5,32 6,04 +0,72
Lobl, 5,64 +1,00
412 6,12 +1,40
6,04 5,20 =0,8/,
6,00 5,20 =0,80
5040 3056 ‘2'1084 "0069
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