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INTRODUCTION

- Hypomagnesemic tetany occurs in beef cows fed conventional
rations or grazing native pastures early in the spring. This
disturbance results in considerable mortality in some. beef cow
herds and the ensuing financial loss is of serious consequence
to cattlemen. It appears that the problem is widespread in
Virginia and neighboring states. The incidence of the dis-
turbance has appeared to be on the increase during recent
years. Thus, there is need for effective preventive measures
that can be economically employed by cattlemen.

- Field observations and research in Virginia, and a review
of the literature indicate that insufficient intake of magnesium
at times of relatively high requirement may be a major predis-
posing factor. The disturbance is reported to occur most often
in lactating beef cows. It is most prevalent from parturition
to about 2 months postpartum, but occasionally is reported in
cows in advanced pregnancy. It has been observed that the
usual féeds consumed by beef cows during the winter and early
pasture herbage may be low in magnesium content. Factors de-
creasing the availability of feed magnesium may also play a
part. Thesé conditions suggest the use of supplemental diet-
ary magnesium during the winter and spring months.

Supplemental feeding of dolomitic limestone, containing
approximately 12% hagnesium, and magnesium oxide, contaiﬁing
60% magnesium, has been recommended in Virginia to increase

the magnesium intake of beef cattle. Force feeding either
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75 gnn. of dolomitic limestone or 15 gm; of magnesium oxide has
been recommended. An alternate means of supplying magnesium
was suggested con51st1ng of prov1d1ng access to a 1 1 mixture
of salt and magne51um oxide, on the assumption that cattle
would consume about 30 gn. of this mixture per day. The ob-'
Jective of these recommendatlons was to increase the da11y
magnesium intake by 9 gm. per day. Lue to 1ack of research
data it was assumed that additional magnesium from either_
source would be equally avallable to the animal. Research 7
to determine the availabillty of ‘the supplemental magnesium
from these sources is needed to properly evaluate the effect-
iveness of each.

A series of metabolism tr1als vere conducted with beef |
steers to determine the utllization of the supplemental mag-
nesium from dolomitic limestone and magne31um oxide, when
fed at such levels as to supply approximately 9 gm. of mag-.

nesium per day.



REVIEW OF LITERATURE

Hypomagnesemla' Symptoms and Occurrence

Grass tetany, grass staggers, hypomagnesemic tetany, winter
tetany and wheat pasture poisoning are all terms that appear in
the literature to describe a'diSturbance occurring in ruminants.
A characteristic symptom of the disturbance is a lowered blood
magnesium level.

Detailed descriptions of the symptoms of the disturbance
in cattle were published by SJollema (1932), Sims and Crookshank
(1956) and Doza (1959) Herd and Peebles (1962) reported the
symptoms in sheep. The symptoms usually reported are nervous-
ness,'restlessness, lack of appetite, muscle tw1tching, ancun-
steady gait, staggering and falling, a w1ld 1ook gnashing of
the teeth and abundant salivation. General tetanic contract-
ions occur as the disturbance progresses. The animal is unable
to rise, but sﬁrikes out with the limbs and makes unsuccessful
attempts to rise. Durlng this period of intense excitement a
pounding heart beat audible some distance from the animal has
been reported.. Later a paretic comatose state develops during
-which ithacmuscles may be rigid and the mouth may be opened and
closed spasmodically. Mucous membranes may be hyperemic.

Blood serum magnesium levels below 1 mg. per 100 ml. are common-
1y reported.' Normal levels are usually above 2. O mg. per 100 ml.

Lowered blood serum calcium 1evels are also frequently noted.



Sjollema (1932) reported the usual serum calcium level in-
affected animals at 6.5 mg. per 100 ml., in contrast to a
normal range of 9.5 to 11 mg.- Inorganic phosphorus levels
of 2 to 8 mg. per 100 ml. have been reported. ~Thus the in-

- organic phosphorus level may be either above or below the
normal level of 4.5 mg. per 100 ml. given by Sjollema (1932).

Without treatment, death of affected animals usually B
occurs within a few hours after the onset of the visible
symptoms.

.The disturbance, affecting both cattle and sheep, is
known in many.countries of the world. Sjollema (1932) re-
ported that it had been known in Holland for more than half
a century and was oh the increase due to“alterations in -
methods of feeding and fertilizing. The occurence ofrthe'
disturbance in Norway during World War II was -attributed to
a‘dieﬁary lack of magnesium-due to feed shortages, and the
use of fodder cellulose and herring meal instead of more
conventional feeds (Blaxter and McGill,'1956).'

In Europe, hypomagnesemia usually occurs during the first
few weeks of the grazing season (Bartlett g&!g}ﬁ-1957;’8torrg},
1961). According to Hemingway et al. (1961), it occurs in both
hill and lowland flocks on poor or restricted diets, and may be
influenced by adverse weather conditions. "It élso occurs in
sheep receiving an ample supply of improved herbage, including
cereai forages.

Herd and Peebles (1962) reported on the incidence of the

syndrome in sheep in Australia, and stated that deaths were



confined to the period of peak milk production after lambing.
Swan and Jamieson (1956) implicated factors resulting in re-
duced feed intake in the onset.of c¢linical tetany among dairy
cows in Hew Zealand. - Results of a survey of beef cow herds in
one area of New Zealand indicated that substantial losses occurr-
ed during the spring of 1961, and that certain areas had a high-
er incidence of the disturbance than others (Cairney, 1964).

A possible relationship between soil type and the occurrence of
the disturbance was suggested, since it was ﬁuch more prevalent
in inland than in coastal regions of the area su;veyed.

Until recently, the disturbance had been of major import-
ance in the United States only in runinants grazing: cereal
forages. In the winter wheat grazing areas, primarily the
Texas and Oklahoma Panhandles, it occurs in mature cows in
"late pregnancy or early lactation-gfazing lush wheat. pastures
and is known as "wheat pasture poisoning“_(Sims_and Crook«
shank, 1956). The disturbance has been reported in Georgia
by Beardsley et al. (1963). It occurs primarily in-lactating
‘beef cows grazing temporary winter pastures of oats or rye.
HJerpe_(1964) estimated the death loss in California from
grass tgtapj'at 4,000 30_6,000 head during'phe winter of 1963-
64. These losses occurred in cattle wintered on native grass
pastures which were more lush than usual for that time of year,
He stated that no explanation could be given for the fact;that

pastures had been equally good the previous year and only spos-
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radic losses had been reported.

In the United States, a similar syndrome to that occurr-
ing in cattle has been reported in sheep grazing cereal for-
ages {Barrentine and Morrison, 1953). The condition was ob-
served in grazing ewes about 1 to 3 weeks after parturition,
Only ewes with suckling lambs were affected and those with
twins were more susceptible,

' Hypomagnesemia has been reported in beef cows fed con- ~
ventional winter rations in Pennsylvania (Stillings et al.,
1962, Maryland (Leffel and Mason, 1959), West Virginia
(Horvath, 1959), and Virginia (Fontenot et al., 1965). It
has been’reported-as early as November in fall calving cows,
but is most prevalent in late winter #nd early spring. It
declines rapidly after pasture appears. From analysis of
feeds used by affected herds, it appears that a dietary de-
ficiency of magnesium is a primary cause of the so called
"winter tetany"., Other factors which have been suggested to
play a role.in its occurrence are poor utilization of 'diet-
ary magnesium, low nutrient intake, and laétation stress
(Inglis, 1960, Beardsley et al., 1963).

Magnesium Metabolism and Utilization in Ruminants

. The indispensable role of magnesium has been estab-
lished, - It is absorbed from-the gastro-intestinal tract,
and an excess is rapidly excreted-in the urine (White et g;;,-

1954 ), ' Most of the magnesium in the body is in bone from



which it can be mobilized to some extent. The ability to
mobilize bone magnesium decreases with increasing age {Hem--
ingway et al.,  -1963; Smith and Field, 1963). The normal
blood serum magnesium level in pigs, cattle, -sheep and goats
is 1.2 to 3.8 mgs per 100 ml. (Rook and Storry, 1962). Re-
cent estimates indicate that 65 to 80% of the serum magnesium
is ultrafilterable., The magnesium content of soft tissue
varies widely from .06 to .13% of the dry matter (Rook and
Storry, 1962).

Magnesium serves as a co-factor for many enzymatic re-
actions, particularly those involved in carbohydrate meta-
bolism (Wacker, 1965}.

Magnesium deficiency symptoms have been observed in many
-species, in:addition to cattle and sheep.. Hyperirritability |
is a common symptom. It has been suggested that the magnesium
ion plays an important part in the transmission of impulses at
the neuromuscular junction. A low concentration of magnesium
relative to calcium could result in the release of -acetyl - .
choline and the transmission of nerve impulses (Blaxter et al.,
1954). These workers also suggested that low_condéﬁﬁfations
-~ .of magnesiuﬁ in the extracellular fluid may produce tetany in
this way. . In support of this view, O'dell (1960) points out
that magnesium has a depressing cffect on the neuromuscular
system. He also mentions that it is the ohly known metallic

ion which produces anesthesia and this effect is counteracted



by calcium.

Stewart and Moodie (1956) found that when heavy doses of
magnesium sulfate were administered orally, absorption of mag-
nesium from the rumen, abomasum, duodenum, small intestine and
decun resulted. Mégnesium nitrate was found to be more quick-
ly-absbrbed:than magnesium sulfate, when given orally. Smith
(1959)- found that young calves could absorb considerable mag-
nesium from the large intestine (25 to 40% of intake from a
milk diet), but this ability was lost rapidly with increasing
age and by 12 weeks of age no appreciable magnesium was ab-
sorbed from the large intestine,

Care and Van't Klooster (1964) reported that at low mag-
nesium concentration in the small intestine of an adult sheep,
there was a net secretion of magnesium into the lumen of the
intestine. Net absorption of magnesium increased as the con-
centration in the small intestine increased until maximum ab-
sorptive capacity was reached. Magnesium absorption appeared
to be at a minimum at either end of the small intestine, with
moést of“tﬁe:ébsbrption taking place in the middle part.

Stoffyr(19613)'suggested thét:conditions'favoring net
ubtake of ﬁégnesiﬁm from the gut are most favorable in the
abomasum and duodenum. ~Reduction of the acidity of abomasal
dlgesta in giggg_resulted in a decrease in the concentration
of ultrafllterable calcium’ and magnesium, due to the blnding
bf these ions on the suspended material in the digesta (Storry,

1961b).



Appreciable quantities of magnesium are secreted into the
digestive tract in saliva and other digestive juices. Unless
reabsorbed from the digestive tract, this magnesium is lost to
the animal as endogenous fecal magnesiun, Several attempts
have been made to estimate the endogenous loss of magnesium,
Smithh(1959) estimated the endogenous loss in calves at 0.5 mg.
per kg. of bodyweight per day at 2 to 5 weeks of age. At 26
to 32 weeks of age the endogenous loss had risen to 2.2 mg. per
kg, . However, he suggested that this increase did not fully ’
account for the decreased utilization of dietary magnesium that
accompanies increasing age in calves, and suggested that de-
creased absorption was of greater significance. o

. Hemingway et al. (1960) estimated the endogenous fecal
magnesium of sheep at 225 mg. per day. Storry and Rook (1963)
fed a diet providing 0.5 gm. of magnesium per day to ﬁwo non-
lactating cows. Fecal magnesium excretion continued at 1.0 gm.
per. day indicating an endogenous fecal magnesium éxcretion of.
at least 0.5 gm. per day.

- Excretion of magnesium in the urine is the major route
for the disposal from the body of the amount absorbed in ex-
cess of requirements (Rook et al., 1958). 1In peyiéds_pf mag-
nesium deficiencylurinary exqretiqn‘jirtually ceases in the 5
conservation of available magpgsium._:Howgver,_therelis a con-
tinual 1o§s_in feces and in theimiik of‘the lactating animal

- (Storry and Rook, 1963; Roock et al., 1964).
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Several workers have attempted to estimate the renal
ﬁthreshold“‘for magnesium, which may be defined as the serum
or plasma magnesium concentration at which urinary excretion:
ceases. - RHook et al. (1958) estimated the renal magnesium
threshold in dairy cows at:2.15 to 2.20 mg. per 100 ml. of
serum. Storry and Rook'(1963)'estimated the renal threshold
in:two, dairy cows by regression analysis. They found that
these values were 1.46 and 1.76 ng. per 100 ml. of serum.
respectively. L'Estrange and Axford (1964) found the renal
threshold inutWO;lactating ewes to be 1.37 and 1.94 mg. per
100 ml.; this difference in serum magnesium levels was signi-
ficant and is further evidenée that the threshold value is
subject to considerable individual variation.

"In a metabolism trial with.dairy cows, Rook et al. (1958)
found the magnesium requirementifdr milk production to be
0.132 gm. per liter of milk. ‘A similar value was obtained by
Rook et al. (1964) in metabolism trials involving very low
intakes -of dietary magnesium from artificial diets, On a
basal diet providing only 3 gnm. of-magnesium'per day there was
no urinary 1oés,-blood'serum‘mégnesium levels dropped sharply,
but there was no alteration of magnesium concentration in the
milk. Thus more rapid-development of hypomagnesemia in the
lactating animal may be due to the high requirement for milk
production., Similar results were obtained with ewes by L!Estrange

and Axford (1964). They found that ewes on a semi-purified diet,



low in magnesium, maintained a relatively constant milk mag-
nesium concentration alfhough acute hypomagnesemia,:hypocai-
cemia, loss of appetite and tetany occurred within 3 days af- .
ter removal of supplementary magnesium from the diet.

The degree of absorption of magnesium from feed and mag-
nesium supplements varies considerably. Blaxter and McGill
(1956);:in a review of balance trials, reported from 30 to
50% mavailability™ for magnesium in feedstuffs. They suggest
a value of 33% for use in estimating dietary needs. : Rook et al,
(1958) reported that 66 to 77% of the magnesium ingested by
dairy cows on a variety of stgll rations was excreted in the
feces. When these cows were fed cut grass in metabolism stalls,
fecal excretion rose to 80 to 83% of dietary intake. -Ferrando
et al. (1963) reported that only 59 to 62% of -the magnesium in
alfalfa hay was recovered in the feces, indicating consider-
ably -higher absorption of magnesium. from thissfeedstuff than
ffom fresh grass.

Rook et al. (1964) found the mavailable™ magnesium (urin-
ary magnesium plus milk magnesium/dietary magnesium .X 100) 1nv
some partially purified diets low in magnesium to be approxi-.
mately 25 to 35%. Basal diets providing either 9 or-13 gm, of
magnesium per:day adequately met the needs of lactating cows,
-as-indicated by the maintenance of normal blood magnesium levels
and continued measurable urinary excretion,

McAleese et al., (1961), in studies with magnesium?8, found
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that lambs on a magnesium deficient diet absorbed considerably
more magnesium in the form of magnesium chloride than did cone
trols. After 60 hours, 50 to 52% of the magnesium had been ex-
creted in the feces of the controls, while only 25 to 30% was
recovered in the feces of the deficient lambs.

‘Storry and Rook (1963) measured the magnesium availability
in various salts of magnesium by measuring the increase in
urine excretion when the salts were fed to two non-lactating
dairy cows. The mean values for the two cows were 26 and - -
34.5%, indicating considerable ‘individual difference, ~This -
difference was statistically significant. Magnesium avail-
ability was similar for magnesium oxide, lactate, acetate:and
nitrate, but was higher for citrate. Magnesium sulfate, sil-
icate and chloride were found to- be somewhat lower in avail-
ability. Thomaa and Okamoto (1958) found that magnesium in
graln and hay was better utllized by young calves than magnes-
ium from magne51um sulfate, although the apparent dlfference
was not statlstlcally 51gn1f1cant._‘ _

The work of McAleese et al (1961), in which magnesium28
was used, pr0V1deS added informatlon on the metabollsm of nag—
nesium in def1c1ent and control lambs. In that experiment,
magne51un def1c1ent and control lambs were glven magne51um28
either orally or 1ntravenously. When given 1ntravenously,
magne51um28 activ1ty dropped rapldly and had 1argely dls-

appeared 1n:8 to 10 houro.. There was llttle uptake of mag-
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nesium?8 in the red blood cells. Plasma magnesium?® activity
reached a maximum in 12 to 14 hours after oral dosing and then
declined rapidly. The levels reached in the deficient lambs
were less than those of‘ﬁhe control lambs. due to greater tissue
uptake in the deficient lambs. Thisnsuggestslthat prolqnged
elevation of blood magnesium values ig,not_likgly_to be acpieygd
by either,intravenoqs_or¢orél‘aqditions of magnesiﬁﬁ. The fact
that the deficient lambs absorbed more of .the oral magnesiumzs
has already been mentioned. The urinary gxcrgpibn of the def-
icient lambs wés much less than that of controls, amounting to
less than 1% of the amount ingested. In the control group,
ﬁrinaryqexcretion was 20% of the amount ingggted. Summation
of these observations leads to the conclusion. that there is
considerable tissue uptake before blood levels are elevated in

animals which have been on a low magnesium intake. =

Prevention of Hypomagnesemla _x Supplementation

A large number of factors have been 1nvest1gated in an
attenpt to deflne the conditlons under which hypomagnesemla
may develop. Although it seems that 1nsuff1c1ent ‘intake of
‘magneéfﬁm 15 respon51ble for the "winter“ tetany found in
beef cows tFohténotzgg gl.,'i965), the relationship is not -
so definité in.thé'case of'&éify cbWélbnféafly spriné pas-
ture in Eufopelbflin'beef cattle and éheep'gréﬁihgzwheaf
pasture in the Great Plains. Under these cénditions;:hyﬁo-

magnesemia develops suddenly in animals which, theoretically,
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at least, received sufficient dietary magnesium to meet their
requirements., . Dietary potassium levels (Storry, 1961), diet-
ary citrate (Burt and Thomas 1961), dietary phytate (Roberts
and Yudkin, 1960;_Evered;_1961), calciun and phosphorus intake
and metabolism (O'Dell 1960) and other factors have all been
suggested as being involved in the occurrence of hypomagnesmia,
particularly that occurring in the grazing animal,

The p0551b111ty that one or more of the above factors or
unknown factors may play an active role in bringing about hypo-
magnesemia cannot be overlooked However, Thomas (1964) states
that “the most likely mechanisms cau31ng grass tetany are a de-
crease in magne51um 1ntake caused by low magne31um concentrat-
ions 1n the feed, and/or low forage intake, coupled w1th conm-
paratively high requ1rement" |

Increasing dietary 1ntake of magne31um at critical times
has proven benefic1al. Most of the research in thlS area has
been done in recent years. Line et al., (1958) reported that
relatively little effort had been made to develop suitable
preventlve measures for hypomagnesemia.' These workers found
that 56 7 gm. of calc1ned magne31te given as a drench or in
feed was effective in preventing hypomagnesemia in a group of
56 da1ry COWS during the critical early grazing period. Of
the COWS receiving the magnesium supplement, only 14 had ser-
um magneSium levels below 1 8 nmg. per 100 ml. No serum mag-
nesium levels below 1. 1 mg. per 100 ml. were recorded in the

treated group. ThlS level was above the critical range of



0.5 to 0.7 mg. per 100 ml., the level at which these workers
stated that tetany is 1ikely to occir. In the control group
receiving no supplemental magnesium, 1h of 28 cows had serum
levels below 1 0 mg. per 100 ml., and two cows had serum values
as low as 0 5 mg. per 100 ml. ‘In that experiment neither SUpp=
lemental vitamin D no linseed was effective in maintaining
normal serum magnesium levels. .‘ | |

Alcroft (1961) p01nted out the futllity of attempting to
build up within the anlmal a supply of readlly available mag=
nesium for emergency use. He concluded that supplementary
magnesium must be provided regulsrly during critical periods
and recommended 56 gm. of magne31um oxide as the minimum daily
amount for lactating dairy cattle. Rook et al. (1964) found
that supplemehtal feedlng of magnesium oxide to lactating dairy
cows on an artificial diet containing 3 gm. of‘magnesium per
day was effective in the prevention of hypomagnesemia. They
used three levels of supplementatlon resulting in total daily
magnesium intakes of 6, 15 and 33 gm. Measurable urinary ex-
cretion was evident at both the 15 and 33 gmu. per day levels N
1nd1cating that_both_levels adequately met the magnesium re-
quirements under these conditlons. ,
_ ‘Fontenot et al. (1965), in field studies involving more
thanghoo.beef cows in three herds,ufound that supplemental ma g-
nesium{oxide or dolomitic limestone was effective in prevent-

ing tetany. Providing supplemmntal magnesium at the level of
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approximately 9 gm. per day was attempted, but not alwéys
achieved due to low consumption of the supplemental mix-
tures. The supplemental magnesium did not.consistently
maintain blood serum magnesium levels in these herds, but
was apparently effeétive in preventing the occurrance of
tetany.

‘Barrentine and Morrison (1953) found that hypomagnesemia
in. ewes grazing cereal forages could be controlled by feeding
magnesium carbonate .or legume hay. Ritchie et al., (1962)
reported that-the.generalrrecommendation:forithe.control'of
hypomagnesemia in sheep in Scotland was calcined magnesite
supplying 4 to 8 gm. of magnesium per head per day. These
workers found that this supplemental level maintained nor-
mal serum magnesium levels 'of non-pregnant, not-lactating
Cheviot ewes on a low magnesium winter ration. When magnes-
ium ‘"bullets" were given, blood serum magnesium levels were
maintained when the release rate of magnesium was as little
as 75 mg. per day (Ritchie et al., 1962). However, when these
"bullets" were given to sheep on "tetany prone™ rye grass
pasture they failed to maintain serum magnesium levels (McGuire
and Wilson, 1961; VWilson et al., 1962),

Ritchie and Hemingway (19633) found that 4 gm. of magnes-
ijum per day as a drench did not increase serum magnesium levels
in ewes -when measured 24 hours after drenching. Magnesium ab-

sorption did take place, however, ‘since serum magnesium levels
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were elevated_by.O.S mg. per 100 ml. 4 hours after drenching.
At 10‘hours,£his_effect had largely disappeared. In a second
experiment (Ritchie and Hemningway, 1963b) similar results wvere
obtained from feeding 6.6 gm. of magnesium oxide per day (4 gm.
of magnesium}. This level did not elevater serum values 24
hours. after treatment, but did increase serum concentration by
0.5 mg. .per 100 ml. of serﬁm 4 hours after treatment. It was
found that the ewes in that experiment had substantially:lower
serum magnesium levels after lambing than prior to lambing, and
that supplementation was ineffective in rgturning the serum
concentration:to prg-lambing levels. They attributed the drop
in serum magnesium to lactation requirements. These workers
concluded that only a trivial part of the supplemental magnes-
ium was utilized by the animal, and that the frequency of in-
take of magnesium was more important than the absolute amount
acdministered.

.. .. Wolton (1960) reported on the seasonal patterns of magnes-
ium content. in pasture herbage._ Lowest levels were. recorded
in;April, legumes were_higher'inlmagnesium_than.grasses,_and
there were differpnces.Between grass speciles.

, A.numbér_Qf:workgrsehave:attempted to control hypomag-
nesemia in grazing-animals through applications of magnesium
to the pasture. Two apprqaches to the_prohlem have been
studied. One is the.application of magnesium-containing

materiéls (fertilization) considerably ahead of grazing so
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that the additional magnesium can be taken up from the soil -
by the pasture herbage. The increased magnesium content
within the plant would result in increased magnesium intake

by the grazing'ahimal. The other approach is the application
of additional magnesium as a dust or spray just prior to graz-
ing so that the animal ingests the additional magnesium along
with the paSture herbage.

Smith et al. (1958) found ﬁhat fertilizer apolications of -
magnesium totaling 365 kg.'péf hectare resulted in maintenance
of normal serum magnesium levels;7While animals grazing on un-
treated pastures prerienced sharply lowered serum magnesiunm
levels and tetany, = McConaghy et al., (1963) found that fert-
ilization with calcined magnesite and dolomitic limestone
raised the magnesiun content of herbage slightly, but not to
levels they considered safe.  However, no tetany was experi-
enced. in animals grazing treated pastures although some low -
;blood serum magnesium lévels were recorded. These workers
found that magnesium sulfate sprayed on pasture herbage was
only of temporary benefit. Finély powdered magnesite applied
as a dust to pasture herbage before grazing was suggested as
a method of controlling tetany. - -

~ -~ Kemp and Géurink”(1962):found'it possiblé-to.ihcrease the
magnesium content of pasture herbage with magnesium fertili-
zation., They found that the potash status of_thé-soil was an
important factor, since a higher potash level lowered the & -

effectiveness of the magnesium application. Wolton (1960)
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suggested that at least 674 kg. of magnesium should be applied
per hectare as fertilizer in order to effectively raise the
magnesium content of the forage., - Frequent treatments were
thought to be more beneficial than larger amounts designed to
be effective for a longer period of time.

Birch and Wolton (1961) fertilized pastures with magnesium
oiide-at two levels, 56 and 1123 kg. per hectarve. They found
both levels to be effective in prevehting the drop in serum mag-
nesium levels which occurred in cattle grazing untreated pas-
tures, Cows switched from treated to untreated pastures ex-
hibited a decline in serum magnesium levels and those trans-
ferred from untreated to treated pastures exhibited a corres-
ponding elevation in serum magnesium levels..

_Jones (1963) found that magnesium sulfate fertilization
was Qf little effectiveness after the first year. 1In contrast,
fertilization with magnesium limestone had only a small effect
the first year, but .resulted in a 55 percent increase in herbage
magnesium in the third year. Maximum increase was achieved in
the fourth year after application of magnesium limestone.

Todd and Morrison (1964) found that hypomagﬁesemia could
be prevented bf dusting pasture herbage with 31.5 kg. of cal-
cined magnesite per heétare just prior to the beginning of
grazing. The magnesium content of the dusted herbage was 0.31%
compared to 0.16% for the undusted forazge. Hypomagnesemia and

tetany (one death) occurred in the cows grazing undusted pasture
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but not in those: grazing dusted pastures.

In summarizing the literature reviewed, hypomagnesemia,
comnonly known as grass tetany, is a disturbance of ruminants
characterized by a lowered blood magnesium level. It occurs
most frequently in the lactating animal shortly after partu-
rition. Hyperirritability followed by tetanic convulsions
- which subside into a comatose condition are. common symptoms.
Withoﬁt-tréatment,vdeath'usuglly occurs within a few hours
after the onset of symptoms. Blood serum magnesium levels be-
low 1 mg. per 100 ml. are usually reported when tetany occurs.

The disturbance has been reported in many parts of the
world. In Europe it is most prevalent in dairy cows on spring
grass. It occurs in beef cows and sheep grazing cereal for-
ages in several sections of the United States. In Virginia
the problem has been most prevalent in beef cows wintered on
cpnventional forages. An insufficeint intake of magnesium
due to low magnesium levels in forages is indicated as a ﬁajor
cause of tﬁe.hypomagnesemia occuring in Virginia.

Magnesium is an essgntial element found in all parts of
the animal body. It serves as a co-factor for many enzymatic
reactions and is thought to have & role in the transmission of
nervous impulses at the neuromuscular junction. It is absorbed
primarily from the small intestine and the excess above body
requirgments is éxcreted in the urine. The degree of absorp-

tion from various feeds and supplemental sources has been shown
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to be quite variable; only limited work was conducted with
supplemental sources: of magnesiunm,

* Supplementation: with a number of sources of magnesium
has been attempted as a preventive measure for hypomagnesemia.
In general, these have been helpful but information on the
relative value of diffq;ent_supplemgnts is lacking. In part-
iculara there has been little reseafch on the relative value
of dolbmitid iimest&ﬁe‘ahd magnesiuﬁ.oxidé és sqﬁrcésldf supp=-

lemental magnesium.
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OBJECTIVE .
The objective of this.experiment was to determine the
degree of availability and utilization of supplemental mag-
nesium hy,beef steers when supplied-as dolomitic.limestone

and magnesium oxide, -

EXPERIMENTAL PROCEDURE

| Six yearllng steers, hree Hereford and three Angus, vere
fed a basal ration alone and supplemented with dolomitic 1ime-
stone and magnesium oxlde in a series of three metabolism trials
lastlng from April 10 to June 25, 1965. The experimental design
consisted of:two randonly selected 3 X 3 Latin squares. The
Hereford steersrnere?randomly alloted to one Latin square and
the Angas steers to the other square. Random allotment was
madejtometabolism stalls.°.lhe-steersrnere kett in false-
bottom metabolism stalls which are modifications of the stall
desorihedfby;Nelsonfgg-gl.; (1954).

,HThe‘steers were tamed, and plated-in the metabolism stalls
on March 17,;thus allowing several weeks for adjustment to the
stallsnbeforehthe first trial began. iht the end of each of
trials 1 and 2'&5&;5£$;rs were removed from thefstalls for a-
bout one.week. Luring these periods,.the steers_were con=
fined;in a snall dry lot adjacent to thelbuilding housing the
metabolism stalls., All steers were fed the basal ration dur-
ing these periods. The steers were weighed individually at

the beginning and end of each metabolism trial.
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The basal mixture consisted of corn cobs, shelled yellow
corn, corn gluten meal, defluorinated rock phosphate and vit-
amins A and D. .The:corn cobs and shelled corn were ground in
a hammer mill through a: 1.905 cm. screen. A sufficient amount
of feed was ground and mixed just prior to the beginning of
each-trial. The ingredient composition . of the basal mixture
is shown in Table 1, The chemical composition of the mixture

by trials is shown in Table. 2.

TABLE 1. INGREDIENT COMPOSITICN OF THE BASAL MIXTURE

~Feeds =~~~ - o Kg /100 kg, final ratlon '
Shelled corn 19.46

.Corn cobs e . 58.35°
Corn gluten meal 22.04
Defluorinated phosphate 0.15
Vitamlns A and D a +

a 3, 168 U.3. P. units vitamin A and 396 U.S.P. un1ts v1tam1n D
per kg. of feed.

TABLE 2. CHEMICAL COMPOSITION OF THE BASAL MIXTURE BY TRIALS

R R Percent comp051t10n by trial
Component 1 2

3

- Dry matter ' : 90.65 - 90.84 - 88.80
Crude protein 14.37 14.22 13.94
Ether extract - - -~ - = 1.66. - 1.89 1,31
Crude fiber 19.30 20.86 21.30
-Nitrogen free extract o 53.56 . 52,16 - 51.04
Organic matter 88.89 89.13 87.59
Ash BT : 1.76 - 1.71 . . 2.21

_ Ca101um | 0.09 0,07 0.08
‘Phosphorus = .. . . 0.26 0.24 - 0.25
o.11 0.12 0.10

Magnesium
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All rations consisted of 5.0 kg.‘of basal mixture and -
30 gn. of trace-mineralized salt,. The control {ration(A)
contained ‘40 gm. calcium carbonate, in addition. Ration B
bontained 76 gn. doiomitic limestong, and rétion C contained
15 gm. of magnesium oxide and 40 gm.:of calcium carbonate, --
in addition. An attémpt was made to equalize the daily in-
take of all nutrients except magnesium. Rations B and C
were supplemented with: aporoximately 9 gm. of magnesium per

day. The composition cf the three rations is.in Table 3,

TABLE 3. COMPOSITION OF RATIONS (GM. PER HEAD DAILY).

Component Ration ¢ Ration Ration
A : B C
Basal mixture 5000 5G00 5000
- Trace-mineralized salt .30 _ 30 30
" Lolomitic limestone ‘ ' 76
Magnesium oxide - S 15
" Calcium carbonate R0 L LO
Total _ , 5070 . . 5106 5085

"One half of the daily ration was fed at 6:30 a.m. -and the
remainder at 5:00 p.m. Water was available at all times except
dufing the feeding period ( 2 hours at each feeding).

Each trial consisted of a 10-day preliminary period follow=-
ed by a 10-day collectibn period. ' The feces were collected in
metal pans;rbickéd‘uﬁ'séveral times each day and placed in cover-
ed metal cans. A metal funnel, placed under a metal grid on
the floor of the metabolism stall, directed thé"ﬁrine'into plas=-
ﬁic-jugs from which it was'collected‘daily."The feces were

weiglhied once daily, thoroughly mixed and a 5% sample taken.
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The urine was diluted to a definite mipimum weight of 15 kg.
daily and a 1% sample, by volume was taken. Some of the
steers excreted more than 15 kg. of ﬁrine dail&.. Therefore,
the_total-weight_was:recorded and a 1% sample was taken.
Feces were preserved with thymol, and sufficient hydrochloric
acid {diluted 1 to 1 by weight with water) was added to the
urine samples.to maintéin,a‘$lightly acid pH. The fecal and
urine samples were kept under refrigeration until analyzed.

Feed and feces were analyzed for magnesium by the method
of Bradfield (1961). Calcium in feed and feces was determined
by the method of the A.0.A.C. (1960) and phosphorus was deter-
mined by the volumetric molybdate method of Fiske and Subbarow
(1925) after wet ashiné. Crude fiber in feed and feces was
determined by the method of Whitehouse et al., (1945). Urine
was analyzed for nitrogen and feeds and fcceg were analyzed
for dry matter, crude protein, ether extract, and ash accord-
ing to the methods of the A.0.A.C. (1960).

Samples of venous blood were taken by jugular puncture
immediately after each weighing. These were allowed to coag-
ulate gnd serum was separated by centrifugation. Serum samples
were storcd'undef refrigeration until analyzed. Serum magnes-
ium was determined by the method of Orange and Rhein (1951}.
Serum calcium was determined by the Clark and Collip (1925)
modification of the Tisdall (1923) procedure., The Fiske and
Subbarow (1925) method was used in analyzing for serum inor-

ganic phosphorus.



The urine was analyzed for magnesium by the method of Orange
and Rhein (1951).  Urine calcium was determined by the method.
outlined by Hawk et al., (1954) and urine phosphorus was deter-
mined by the method of Fiske and Subbarow (1925).

The data were’ analyzed by analysis of varlance, and Dun- o
can's (1955) multlple range test was used to test fof dlffer-

ence between treatment means.
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RESULTS

Data on magnesium utilization.

vidual data are presented in Table

are given in Table 4. Indi-

1 in the appendix.

UTILIZATION OF MAGNESiUM BY STEERS FED A BASAL.RATION

TABLE 4.
- ALONE ‘AND WITH DIFFERENT MAGNESIUM SUPPLEMENTS.
Ration _ _ A B , C
Mg supplement - : None Dolomitic Magnesium
. limestone oxide
Mg intake, gnm. L.85 14.38 13,47
Mg excretion, gm. S ’ '
Fecal , 2.28 10.46 - 6.50
Urinary - - 1.56 @ 0.97 @  4.92°Db
Mg absorption, gm. . 2,57 8 3.92.b 6,97 ¢
Mg absorption, ém - 52,91 @ ©27:33 b 51.53 &
Mg availability in supp.,%
Calculated from fecal 14,27 8 51,08 b
Calculated from urinary © 32,92 @ 6.73 b 37.08 &
Mg retention, . 1.01 2.95 2.04
Mg retention, %éof‘intake 19,99 20.61 . 15,09

a,b,c¢ means on the same line with.
are 31gn1f1cantly (PL. 05) different.

ration (ration A).

different superscript letters

The values for the supplements were calculated by dlfference
-using the method of Crampton and Lloyd (1959).

Expressed as the percentage of . dietary magnesium. excreted in
the urine as outlined by Rook et al., (1964).

The daily magnesium intake was 4.85 gm, for the control

. The daily intakes were 14,38 and 13.47 gnm.

for the‘rations supplemented with dolomitic limestone: (ration B)

and magnesium oxide (ration C), respectively. Thus, supplemental

magnesium, above that supplied by the basal ration, amounted to

9.5 gm. for ration. B and .8,6.gm. for ration C.
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The apparent magnesium absorption was 2.57 gm. for the
basal ration. When the basal rétion‘waS'supplemented with
dolomitic limestone to supply 9.5 gm. of magnesium, absorp=-
tion of'maghesitm increased to 3.92 gm. (P<€.05).  Supple=
menting the ration with magnesium oxide resulted in a mark-
edly higher (P<.05) magnesium absorption (6.97 gm. )}, com-
pared to dolomitic limestone. When absorption of magnesium
was expressed as a percentage of the amount fed values-were
52;9, 27.3 and 51.5% for rations A, B, and C, respectively,:
The mean foriration B was significantly (P<.01) different
from the means for rations A-and C. °

Urinary excrgtidn'of magnesium was highest for ratiop C,
whith:had the highest level of absorption. The high urinary
excretion was probably a reflection of the large amount of
magnesium absorbed in excess of requirement (Rddk et al.,
1958).

:TTTﬁU;muﬁhods were used td'estimate‘the availability of the
maénesium from dolomitic limestone and magnesium oxide. One \
method consisted of calculating availability, by differénce,
using-apparent absorption valuéé-by;the ﬁethbdﬁéf C;éﬁpt6n and
Lloyd (1959). The other method donsistediéfacalcuiating the
percentage of dietary magnesium excreted in the urine (Rook
et al., 1964). . The a\‘rail‘ébility .ofr:,‘suppiemental mégnres.ium was
14.3 and 51.1%; respectively, for dolomitic limestone and mag-
nesiuﬁ oxide (P €.01) when calculated by the method of Crampton
and Lloyd (1959). Magnesium availability values were 32.9, 6.7
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and 37.1% for rations A, B, and C, respectively, when calculated
by the method of Rook et al., {1964).. The values for rations A
and C were not Significantly different from-each other, but were
significantly (P<.05) greater than the mean for ration B.

The steers fed rations A, B and C retained 20, 21 and:15%
of the magnesium fed respectively (Table L), The values were
not significantly different.

- Blood serum magnesiuﬁ values are given in Table 5. There
was a-trend for blood serum magnesium to increase from the be-
ginning to the end of the trials for the steers fed the ration
supplemented with magnesium oxide. There was a trencd for a de-
crease in the case of the control ration. There was a large
decrease (6;48 mg./100 ml.)iin,sefum méghesiﬁﬁ'for:the steers -
fed the dolomitic limestone supplemented ration. The differ-
ences in the changes in serum values are 51gn1ficant LP<{.05)
However, the multlple range test d1d not show signiflcant |

differences between the three treatments.

TABLE 5. AVERAGE BLOOD SERUM MAGNESIUM VALUES FOR ALL TRIALS.

Pime & Blood serum Mg levels ‘by ratlons b
o A B - C
Final = . .. . 2,154, . 1.868 2.4L18

+ 01096

a Initial refers to beglnnlng of tfial and final refers to end
of trial. Change refers to the change from the beglnning of
‘the trial to the end.=

b Expressed as mg./100 ml.
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Calcium absorption and retention values (Table 6) were
similar for the control.ration?ahd‘the-magneSium oxide supple-~
mented ration. - The values for the dolomitic“limespohe supple-
mented ration (ration B) wefe considerably lower. The depress;
ion resulted from a higher fecal calcium excretion for ration'B,
although urinary excretion for this ration was lower than for
the.control ration. Blood serum calcium values, also given in
Table 6 were all high. However, the changes in serum calcium
generally agreed with the retcntion data. Differences 1n blood
serum calc1um values due to experlmental éreatment were not

significant.

o TABLE 6. CALCIUM BALANCE AND BLOOD SERUM DATA

Ration Ration Ration

Item ‘ A B. = C.
Calcium intake, gm. 19.70 19.27 19.68
Calcium:excretion, gm.: : . S :

-.Fecal 11,60 14.20 12.06
Urinary - 3.60 2,66 2.21
“"Total B 15.20 16.86 14.27
Calcium absorption, gm. . g.10.b 5.07 € . 7.62 byc
Calcium, retention, gm. © 4.50 Bye 2,41 ¢ 5.41 b

Blood serum, calcium,amg/100ml.
Initial : 18.91 21,41 19.24
Final .- -, .- _ , - 21.64 - 21.60 2142 -

Ghangef + 2.73 + 0.19 -+ 2,18

a Initial refers to beginniﬁg of tfial and final refers to end
~.of .trial, Change rfefers to the change from beginning to end
of trial. I ' ‘

B,C‘ Means w1th different superscrlpt letters are significantly
(Pd: 05) different.. . ,
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- Phosphorus ahéorption and retention values were not signif-
icantly diffefent (Table 7). Urinary excretion was higher for
ration B, resulting in a trend toward a lower phosphorus retent-
ion for thlS ratlon than for ratlohs A and C. Blood serum in-
organic phosphorus (Table 7) was lower for thes ration supple- .
mented.with‘dolomitic 1imestone (ration B), but differences
were not significant, o ‘ | '

. TABLE 7e PHOSPHbRUS BALANCE AND BLOOD
S SERUM INORGANIC PHOSPHORUS DATA

' ' - Ration- Ration Ration
Phosphorus intake, gm. 12.51 12,51 12.48
Phosphorus excretion, gm. :

Fecal 5.83 552 6.27

Urinary 2.60 3.49 1.28

Total ‘ 8.43 9,01 7.55
Phosphorus absorption, gm. 6.68 6.99 6.21
Phosphorus retention, gm. 4,08 3.50 .93
Blood serum inor. P, mg/100 ml.®

Initial 9.12 9.90 9.20

Final - 9.27 8.82 9.33

Change + 0.15 - 1.08 + 0.13

a Initial refers to beginning of trial and final refers to end
of trial. Change refers to the change from beginning to end
of trial.

The apparént digestion coefficients for dry matter, crude
fiber, nitrbgen-free extract and energy were significantly lower
for the ration supplemented with dolomitic limestone than for
the other two rations (Table 8). Digestibility values were sim-

ilar for the control and magnesium oxide supplemented rations.

It appears that differences in carbohydtate (crude fiber and NFE)
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digestibility were responsible for the large differences in

dry matter and energy digestibility.  Individual data appear-

1

in the appendix.

TABLE 8. EFFECT OF MAGNESIUM SUPPLEMENTATION
e ON APPARENT DIGESTIBILITY.
Apparent coefficients of digestibility (%)

‘Ration - Ery - Crude Ether Crude NFR  Energy
natter prot, extract fiber
A (Control) 69.0% 74,0  72.4  65.6% 69.82 67,92
B (Dolomitic T o SR o
~ limestone) 59,92 72,1 72.0 51,40 60,00 59,5P
oxide) 70,12 74,0 73.2 67.22 70.72 69.332

a,b Means within:the same eolumn~with different superscript
letters are significantly (P¢.01) different..
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Discussion

The steers performed well during the course of the exper-:
iment and exhibited notoutward adverse effects attributable to
the rations. .Data on weight gains is presented in the appendix
in Table 5. .

- The low level of absorption of magnesium from the dolomitic
limestone used in this experiment suggests that this material is
of limited value as a source of supplemental magnesium for the
prevention of hypomagnesemia. There is-little.information in the
literature on the use of dolomitic limestone and magnesium carbo-
nate as sources of supplemental magnesium. Barrentine and Morri-
son (1953) reporﬁed the control of grass tetany in ewes by feed-
ing magnesium carbonate., Fontenot et al., (1965) reported the
apparent effectiveness of dolomitic limestone.when.used.as:a
source of supplemental magnesium in field studies with beef cows,
Both of the above observations were made: under field conditions,
The data obtained in the present experiment suggest that excess-
ively large quantities of dolomitic limestone would have to be
consumed by lactating animals to supply appreciable amounts:of
absorbed ﬁagnesium. ~Low availability of magnesium plﬁs the ad-
verse effect on digestibility suggest that dolomitic limestone
may bea of rather limited value-as-a preventive for hypomagnesemia.

.On the other hand, supplemental magnesium sﬁpplied as mag-
nesium oxide was absorbed to a much greater extent. The data
reported here indicate that relatively small amopnts of magnesium

oxide should be effective in the prevention of hypomagnesemia.
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Stbrry and Rook:(]953) reported that magnesium oxide was com-
parable in availability to magnesium acetate, magnesium nitrate,
and magnésium lactate, Magnesium citrate was superior to mag-
nesium oxide in availability according to these workers, while
magnesium sulfate, magnesium silicate and magnesium chloride
gave lower Qalues. Magnesium carbonate waS‘not:investigated)
by these workers,

The values obtained for the absorption of magnesium from
the basal and magnesium oxide supplemented rations were higher
than the values of Rook et-al. (1963), who reported the excre-
tion of 66 to 77% of the dietary magnesium in feces of cows
fed a variety of stall rations. In the present experiment,
_fecal.excreﬁion accounted for less than 50% of the intake of
magnesium from rations A and C,- However,:feqal excretion was
73% of intake for ration B .{dolomitic-limestone}.

..,Urinary‘excretion was probably a.feflection of the amount
of absorbed magnesium.  As suggested by Rook et al. (1958), this
is the_majbr‘route for the disposal of magnesium absorbed in
excess of body requirements. Thus, the high urinary excreticn
for the magnesium oxide supplemented rations is undoubtedly a
reflection bf the large amount absorbed above body needs rather
than an indication of poor utilization. The results of this
experiment when magnesium oxide was used are in agreement with
the findings of Rook é&lgi.-i1964) who reported that measur-

able urinary excretion occurred in lactating dairy cows re-:
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céi?ing 15 and 33 gm. of dietary magnesium per day. -

There was no marked elevation of blood serum magnesium
levels during the course of the trials. Blood samples were
taken ‘14 hours after feeding the supplemented rations. This
time interval could have contributed to the failure to detect
large increases . in the blood serum magnesium levels of the
supplemented steers, Ritchie and Hemingway {(1963a, 1963b)
found that drenching sheep with 6.6 gm. of magnesium oxide
did not result in the elevation of serum magnesium levels:
when measured 24 hours. later.

The basal'bation,-although lower in magnesium content
than rations normally fed beef cattle, apparently contained
sufficient magnesium to meet the needs of the steers used in
this experiment. Urinary excretion of 1.6 gm. per day by
steers fed ration A (basal} would indicate that for these
cattle a daily intake of 4.8 gm. of magnegium was at least
sufficient.  Rook et al. (1964} found that 9 to 13 gm. per -
day from partially purified basal rations met the needs ef‘
dairy cows as shown by maintenance of blood serum levels and -
continutd urinary excretion, The requirement for magnesium
of the steers used in this experiment would be expected to ..
be considerably lower than those of a lactating dairy cow.
Blaxter and McGill (1956) reported a calculated requirement
of 3.39 gm. per day for a 273 kg. dairy heifer. Ray (1542)

repofted a requirement of 30.8 mg. per kg. of body weight or
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8.31 gm. for a 273 kg. steer. In the present experiment, the
level fed in the control ration was intermediate between these
values. - = SR

The data on magnesium retention -(Table 4) showed that the
most mapgnesium was retained when ration B (dolomitic limestone)
was the supplement. In this instance 2.95 gm. was retained
compared with 1.00 gm. for the basal rations and 2,04 gm. for
the ration supplemented with magnesium oxide. These differences
were not significant. The adéquacy of all rations in meeting-

the magnesium requirement of these animals is indicated by the

urinary excretion of 1.56 gm. per day by steers on the basal
ration. Therefore, it would appear that relatively less import-
ance should be attached to the fact that magnesium supplied as
dolomitic limestne was retained to a greater extent than was
magnesium supplied as magnesium oxide. Of greater importance
is the evidence that magnesium supplied as magnesium oxide
was absorbed to a considerably higher degree than that supplied
as dolomitic limestone. |

Data obtained on calcium absorption and retention indicated
that substantially less:calcium was absorbed from the dolomitic
limestone éupplemented ration than from the basal and magnesium
oxide supplemented rations. This suggests that the factor (s)
causing low availability of magnesium from dolomitic limestone
may have also affected the calcium availability from this source,
Retention of calcium was also lower for ration B for reasons
that are not apparent. However, this finding does agree with the

data on blood serum calcium which showed that there was consider-
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able increase in blood serum calcium levels for rations 4 and
C (basal and magnesium oxide supplemented). while only a slight
increase occurred when dolomitic limestone was fed.

Phosphorus absorption and retention values were similar
for all rations, indicating that there was no substantial treat-
ment: effect on phosphorus availability. There was a drop in
blood serum inorganic phosphorus levels. during the trials when
dolomitic limestone was fed and little change for the other.
two rations. However, the difference®s in change in serum values.
were not significant. . .

The reduced retention of calcium,trend toward a lower phos-
phorus retention, and the tendencies for differences in blood
serum_calcium and .inorganic phosphorus resulting from supple-
mentation with dolomitic.limestone may be manifestations of the
factor (s) which also decreased availability of magnesium and
blood serwf magnesium. |

The factors in dolomitic limestone which caused the depress-
ion of carbohydrate digestion are-not apparent. Probably, un-
known factor (s) exerted an adverse effect on organisms in. the

rumen. This aspect needs further study.



SUMMARY -

An experiment was conducted to study the utilization of -
supplemental magnesium by beef steerw when supplied as dolo-
mitic:limestone and magnesium oxide."The basal ration supp- -
lied 4.85 gm. of magnesium per day. In supplemented rations,
total magnesium intakes were 14,38 and 13.47 gm. for the rations
supplemented with dolomitic limestone and magnesium oxide, res-
pectively. Highly significant differences (P <.01) were obtain-
ed in the percentage of dietary magnesium absorbed. These values
were 53, 27 and 52% for the basal, dolomitic limestone and
magnesium oxide treatments, respectively. The availability of
magnesium was much higher (P €,01) for magnhesium oxide than for
dolomitic limestone,

There was a significant difference (P<«€.05) in the change
in blood serum magnesium values attributable to the experimen-
tal treatments; steers fed doiomitic limestone tended to show
lowered serum ﬁagnesium levels. GCalcium absorption and re-
tention values were lower whhﬁ dolomitic limestone was fed and
blood serum calcium values, correspondingly tended to be lower
for this ration. No significant differences between rations
were observed for phosphorus absorption and retention or for
blood serum inorganic phosphorus.

Feeding dolomitic limestone depressed the digestibility
of thg carbohydrate fractions of the ration.

The results of the experiment seem to indicate that magnes-
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ium oxide is\a véry satisfactory source of suppiemental magnes-
ium for{the prevention of hypomagnesemia, Dolomitic limestone
was fdund té ﬁe of considerably lower value as a source of supp-
1émental magnesiun due to its low level of absorption and adverse

effect on digestibility of carbohydrates.
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APPENDIX



TABLE-1. DAILY MAGNESIUM BALANCE

=54~

- Trial -~  oSteer ~Intake ~~Fecal . __ Absorbed - ~ = Urine. °~ "Retention
no. no. _ gm.  gM. . EM. % om. £T. % of intake
: Ration A : : -
1 3 L.81 2.00 2.81 58.48 1.87 0.94 19,60
1 6 L.81 2.40 2.41 50,01 - 1.45 - 0.96 19,94
2 2 5.38 2.46  2.92 54,31 0.81 2.11 139.19
2 8 5.38 2.43 2.95 54.78 1.63 1.32 24.58
3 5. L.36 - 2.51 1.85 42,37  1.63 0.22  L.94
3 9 436 - 1.85 2,51 57.52 . 2.00 0.51 11.69
Av. L.85 2.28 2,87 52,91 1.56 1.01 - 19,99
i Ration B ' ' :
1 8 14,18 10,18 4,00 28,19  1.52 - 2.48 17.46
1 9 14.18 8.58 5,60 39.51" 7 0.61 . '4.99 35.22
2 5 14,67~ 11.73  2.94 20,01 1.57 - 1.37 9.34 .
2 6 14,.67 - 11,07 3.60 24,56 0.23  3.37 22.99.
3 3 14,28 10.62 3.66 25,62 1445 2.21 15.
- ' Ration C

1 2 13.56 5.92 7.6l 56.33 529 2.35 17.30 -
1 5 13,69 6.24  7.45 54,41  5.18 2.27 16.61
2 3 13.79 5.73. - 8.06 58.43 L34 3.72 27.00
2 9 13.79- . 5.48 8.31 60,28 7.00 1.31 : 9.56:
3 67 12.98 8,60 . 4.38  33.78  1.95 2.43 18.72
3 8 12.98 7.01 5.97 45.97  5.79 0,18 1.37

. Av. 13.47 6.50 16,97 51.53 4,92 2,05 -15.09




TABLE 2. CALCULATION OF MAGNESIUM AVAILABILITY BY DIFFERENCE?

Trial Latin Ration _ Steer T - T<A . (T-A) 100 Lo
no. Square no. e no. . .8 3
1 1 B. 8 28,19 -30.290  =45.81  12.67
c 5 5441 ~ 4,07 - 6.27 52,21

2 B 9 39.51 -10 50 - =15.88 34,13

C‘f 2 56-33 o 6. 32 - 9,97 5908Q"‘fl
2 1 B 5 20.01 -34,.77 -53.83  0.95
C 3 58,43 3,65 5.99 60.77
2 B . 6 24,56 ~29,75 -47.00 7.31
c 9 60.28  5.97 9.79 64,10
3 1 B 3 25,67 . . -16.75 . . -~24.10 18,27
Cc- 8 45,97 . 3,60 5,42 47,79
2 g 2 26.08 -31.44 45124 12.88:

33078 “23-7h '35073 21079.

a Method outlined by Crampton and Lloyd (1959)

Basic equatlon. Qe - =100 !T-A! + A
S

(S = availability of supplemental magnesium (#); T = availability of magnesium |

in supplemented ration (%); A = availability of magnesium supplied by basal
ration (%); s = percent of total magnesium in ration supplied by supplement,).

b Availability or appareht absorption of magnesium from supplemental sources,

_Og_



TABLE 3. EFFEGCT OF RATION ON MAGNESIUM MAVAILABILITY" &

Trial Steer Magnesium = Urinary Magnesium .
no. no. intake Mg excretion "ayvailability"®

- Ration A~ L
1 3 4,81 1.87 38.87
1 6 L.81. 1.45 30.07

2 2 5.38" 0.81 - 15.12
3 5 L.36- _ 1.63 37.43
3 9 L.36 2.00 | L,5.83

Ration B - '

1 8 14.18 1.52 1074
2 5 14.67 1.56 “ 10.66
2 -6 14.67 - 0.23° 1.58

3 2 C 14,28 0.42 2.95 -
3 3 14.28 1.45 10.14
Av, 14.38 0.97 - ' 6.73

-~ Ration C ' :
1 2 13.50 . 5.29 39,02
1 5 13.69 5.18 37.80
2 3 13.79 L.34 3143
2 9 13.79 7.00 50,72
3 6 12,98 1.95 15.01
3 8 12.08 6.30 L8.53
-Av, 1347 4.92. . -37.08

a "A#éilabilitj“ expressed as grams urinary magnesium per gram
magnesium intake times 100. (Rook et al., 1964)
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TABLE 4, CHANGE IN BLCCD SERUM MAGNESIUM LEVELS.

Trizal Steer _ Blood serum magnesium (mg./100 ml.)
no. no. Injitigi< Final®” Change®
_ - Ration A
1 3 2.20 . 1.78 ~0.48
1 6 2-65 2.07 ."'0.58 7
2 2 2.38: 2.40 +0.02
2 8 2.05: 1.90 - =0.15
3 5 2.22 2.30 +0.08
3 9 2.35 2.48 +0.13
Av. 2.32 2.16 -0.16
Ration B _
1 8 2.25 1.57 . - =0.608
1 g 2.50" 1.06 Co=1ohly
2 5 2.00. 2,08 ' +0.08
3 2 2.38 2,30 . 0,08
3 3 2.18 1.85" -0.33
Av, 2.35 1.87 -0.48
Ration C L
1 2 2.70 . 1.97 . =0,79
2 3 2.17 2.58 +0.41
2 g 2.27 2.53 +0.26
3 6 2.35 2.65 " _ +0.30
3 8 1.74 2.35 +0.61
Av, 2,32 2.42 - 403510

a Beginning of trial,
b End of trial.
¢ Difference from beginning to end of trial.
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TABLE 5., ' STEER BODYWEIGHT DATA.

Trial. Steer - . . . Bodyweight data (kg.) B
no, no. Initiald" Final% - Gain®
o Ration A
1 "3 T 272.7 281.8 9.1
1 6. . 286.4 295.5 9.1
2 2 263.6 281.8 18,2
2 8 . 243,2 . 254.5 1.3
3 -5 , 30h05 311-4 6-9 "
3 9 - 302,3 309.1 : 6.8 -
Av. - 278.8 289.0 - 10.2 .
' - Ration B
1 g 231.8 238.6 6.8
1 9 268.2 - 279.6 1.3
2 5 . 293.2 302.3 9.1
2 6 . 302.3 300.0 -2.3
3 2 279.5 293.2 - 13.7
3 3 300.0 309.1 9.1
‘ Av, 279.2 287.1 7-9 -
Ration C
1 2 2068,.2 268.2 0.0
1 5 275.0 290.9 15.9
2 9 293.2 302.3 9.1
3 6 315.9 315.9 0.0
3 8 '256.8 272.7 15.9
Av. 281.1 -292.1 11.0

a. Beginning of trial.
b End of trial.
¢ Gain from beginning to end of trial.



TABLE 6. ‘TREATMENT AND ERROR MEAN SQUARES
(FROM ANALYSIS OF VARIANCE).
Source Treatment Error
Degrees of freedom - 2
Mean squares for items '
Mg absorption,gm. 3044353 %k 043295
Mg ahsorption,%? : 12122888 %% 11.5095
Urinary Mg excretion, . 27.296 #x 1,091
"Availability" of Mg, %?a 1625, 181 Aok 92.2126
Mg retention, . 5.6957 1.2820
- Mg retention, %mof dietary 48,5710 85,5432
Mg reteantion, % of absorbed 3066.5197%% 345.9655
Change in serum Mg, mg./100 ml, 0.5044% - 0.0722
Change in serum Ca, mg./100 ml. 9.8684L 6.6887
Change in inorganic P, serum :
mg./100 ml.‘ 2.,9814 1.1815
Ca balance, gm. : 14.1701% 2.5735
P balance, gm. 3.14 2.15
Ca absorption, gm. 15,9406 3.4866
Digestion coefficients ' - '
Dry matter, %. 186.9860%%% 0.8837
Crude protein, %. 7.0931 ' 3.6840
Ether extract, %. - 1.1675 30.8218
Crude fiber, %. 457 . 1720%%% 19,0716
NFE, %. _ 210,821 L3%%% L. 0049
Organic matter, B 194,2168%%x 26,1274
Energy, %. - 168,24  ¥% 1.43

* P« .05
**"P(.O‘l'
#i% Pg 001

a Expressed as the percentage of dietary magnesium excreted
in the urine as outlined by Rook et al.; %1964) '



Availability and Utilization of Magnesium
From Dolomitic Limestone and HMagnesium
. Oxide in Steers :

Hubert John Gerken, Jr,

(ABSTRACT)

Six beef steers were used in a series of three metabo-
lism trials to determine the availability and utilizatlon R
of supplemental magne51um from dolomitic limestone and mag-
neSium oxide when fed at levels supplying approximately 9 gm.
per day. The experimental de51gn con51sted of two randomly
selected 3x3 Latin squares. The basal rations supplled
Le 85 gm. of magnesium per day. Intake of magnesium was 14. 38
gn. per day for the ration supplemented with dolomitic lime-
stone and 13,47 gn. for_tne ration supplemented with magnes-
ium oxide., Highly significant differences (P< .01) were ob-
tained in the percentage of dietary magnesium absorbed. These
values were 53, 27 and 52% for the basal, dolomitic limestone
and magnesium oxide treatments, respectively. The availability
of magnesium was much higher (P<¢ .01) for maénesium oxide than
for dolomitic limestone,

There was a significant difference (P& .05) 7in the change
in blood serum magnesium values attributable to the experimental
treatments; steers fed dolomitic limestone tended to show lower-
ed serum magnesium 1evels; Calcium absorptien and retention

values were lower when dolomitic limestone was fed and blood



serum calcium values, correspondingly, tended to be lower for
this ration., No significant differences between rations were
observed for phosphorus absorption and retention or for blood
serum inorganic bhosphorus. |

Feeding dolomitic limesﬁone depréssed the digestibility
of the cafbohydrate fractions of the ration.

The results of the experiment seem to indicate that mag=-
nesium oxide is a very satisfactory source of supplemental
magnesium for the prevention of hypomagnesemia. - Dolomitic
limestone was found to be of considerably lower value as a
source of supplemental magnesium due to its low level of

absorption and adverse effectcon digestibility of carbohydrates.
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