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-INTR,OJ)UCTION 

The ruminant disease, -- hypomagnesemic tetany, also known as grass 

tetany, grass sta~gers, lactation tetany and wheat_ pasture poisoning, 

has been recogn.ized as a distinct _disturbance for approximately 40 years~_ 

However, the etiology of the disease is still not completely understood. 

The disease occurs most frequently when animals are first allowed 

to graze spring pastures or succulent fall growth, such as wheat and 

srnaJ,.l grains, the_ greatest incidence being within the first 6 weeks. 

The main symptoms of hypomagnesemi~ ~~tany are extreme excitement arid 

,incoordination:, twitching and tetanic contractions of muscles, a- fast 

pouii.ding heart beat, convulsions and death. 

Magnesium is stored in the animal body only to a small extent. 

Therefore, ·serum· 1evels of Illfl-gnesium reflect intake or alimentary __ 

absorption rather quickly. The herbage from pastures associated with 

a hypomagnesemic response has been studied to detennine if.magnesium 

intake was inadequate or if it contained some factor(s) that impaired 

magnesium utilization. Alth0t1gh relatively low forage magnesium levels 
- ' 

have bee~ reported in, some cases, two mineral elements stand out as 

being relathTely h-~~h and ,one ,relatively lo_w in forages associated wit:h 

a high incidence of: grass tetany. _These are high potassiUril and nitrogen --

and low sodium _levels. Potassium levels in young, fast growing cereal 

for~ges have .been reported to be a.s high as 5% on a dry matter basis. 

Analysis of native pasture for_ages associated with hypoillfl-gnesemic 

- l -- -' 
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tetany, have. generally shown levels of potassium in excess of 3% and 

sometimes as high as 4% of the dry matter. 

Studies of the effects of a high dietary potassium intake on 

serum magnesium levels have been rather inconclusive. Some workers 

have shown detrimental effects from adding potassium to rations while 

others have not. Few metabolism studies have been conducted in which 

potassium intake was the only variable. Results of metabolism 

experiments, in which high potassium intakes were studied, indicate 

that potassium has a detrimental effect on alimentary absorption of 

magnesium. 

In the studies reported here, one experiment was conducted to 

determine the effects of a high potassium intake on the absorption and 

·utilization of magnesium. Another experiment was conducted with 

magnesium28 to study the mechanism of the decreased absorption of 

magnesium observed in the first experiment when a h.igh•potassium level 

was fed. 



. ..... ~ 

REVIEW OF LITERATURE 

Hypomagnesemic Tetany Syndrome 

Sjollema (1932) observed that a tetany in cattle grazing lush 

pastures was correlated with blood serum magnesium levels. Dryerre 

(1932), in examining the blood from 42 affected cows, reported serum 

magnesium values of 0.1 to l.16 mg. per 100 ml. as compared to values 

of 1.8 to 3.0 mg. per 100 ml. from normal cattle. Hemoglobin and 
I 

serum sodium, chloride, calcium and inorganic phosphorus levels in the 

same 42 animals were either normal or diminis~ed and serum potassium 

was either normal or increased. 

Redmond (1950) reported a drop in the magnesium to calcium ratio·dn 

the serum of cows affected by the disease while. grazing wheat pasture. 

He estimated that the cattle were consuming in excess of 300 gm. of 

potassium nitrate per day. 

Sims and Crookshank (1956) reviewed the results of experiments 

conducted in Texas from 1949 to 1956 concerning the causes of wheat 

pasture poisoning. Of the five possible causes listed, four are 

directly or indire'ctly related to the high potassium content of the 

young, rapidly growing wheat plant. Blood serum analysis showed that on 

the average cattle which developed tetany had lowered serum magnesium, 

calcium, inorganic phosph.ate and elevated serum potassium levels. 

Kemp and T'Hart (1957) studied 5,566 head of cattle, and forage on 

750 farms to find factors correlated to the incidence of )lypomagnesemic 

tetany. They found. a significant correlation between inc.:i.dence of 

\ 
\ 
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tetany and the mean 24-hour temperature. The ratio of potassium to 

calcium plus magnesium (Ca ! Mg.) in the forage was also significantly 

correlated to the incidence of tetany. When this ratio was less than 

2.2 there were few cases of tetany (O. 77% of 4,658 animals), but when 

the value rose above 2.2 the disorder occurred far more frequently 

(6.66% of 1,908 animals).· The difference in the ratios was due largely 

to the differences in the potassium content of the forages. In a 

further study of two pastures and a test plot, the potassium content of 

the forages was s.ignificantly correlated to the mean 24-hour temperature 

with a 5-day lag period. 

Meston et aZ. (1966) sampled forage from 27 pastures on 19 farms 

during an outbreak of tetany in cattle and reported average values of 

3.29, 5.28 and 0.06%, respectively, .for potassiwn, nitrogen, and sodium 

in the forage dry matter. The average ratio of potassium to calcium 

plus magnesium in the forage was 2.45. 

Information on magnesium metabolism and other factors that affect 

it as well as rather extensive bibliographies may be found in the 

reviews of Sjollema (1932), Rook and Storry (1962) and Wilson (1964). · 

Effect of Pasture Fertilization 

Dryerre (1932) and Nicholson and Shearer (1938) reported that the 

incidence of tetany appeared to be higher on grassland that had been 

fertilized with potassium. 

Bartlett et aZ. (1954) applied heavy potassium fertilization to 

a pasture plot in an attempt to produce hypomagnesemic tetany. There 
! 

were no positive results the first year, when the pasture was · 
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predominantly clover. The second year clover was controlled and all 

cows grazing the pasture had drastic drops in serum magnesium and on.e 

clinical case developed. 

Sims. and Crookshank (1956) reported that fertilizing wheat pastures 

with varying levels of nitrogen or potassium or both had no significant 

effect on the composition of plants and blood serum of animals grazing 

the pastures. 

Bartlett et aZ. (1957) used 62 lactating dairl' cows in five 

experiments involving five fertilizer treatments. The fertilizer 

treatments varied in amounts of nitrogen, phosphorous and potassium. 

They found great animal variation in the hypomagnesemic response when 

the cows were first put on pasture. The degree of hypomagnesemia was 

independent of milk production, and was delayed a few days in cattle 

with very high serum magnesium levels at the start of the experiment. 

Nitrogen was the only fertilizer significantly correlated to a 

hypomagnesemi c response. 

Kemp (1958) dressed grassland with a high nitrogen level and 

different levels of phosphate and potash and observed the serum 

magnesium levels of cows consuming the forage throughout the grazing 

season. Heavy potash dressing (200 kg. potash per ha. in March and 

100 kg. in August) with low or high nitrogen resulted in significantly 
,: . 

lowered serum magnesium levels. Heavy nitr.ogen fertilizati90 also 

caused a drop in serum magnesium, but not as great as for the potassium. 

All clinical cases occurred on potash dressed pastlJX'e with low and 

high nitrogen fertilization. 
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Smyth et az.· (1958) w;ed 18 cows on six rye grass plots with 

different fertilizer treatments. All plots were dressed with 

superphosphate. The fertilizer. treatments were none, nitrogen, 

. potassium, nitrogen and potassium, nitrogen and ~agnesium, and nitt'.ogen, ·· 

potassium and magnesium. The rapidly growing: grass produced a 

significant hypomagnesemic response within the first week on al:i ·. · : · 

treatments other than those including magnesium. Of the treatments, 

only the plot fertilized with nitrogen and potassium produced serum 

magnesium levels that were significantly lower than for the control 
c • • 

plot. Forage from the nitrogen and potassium plot· contained the h.i9hest .. 

level of potassium of any fertilized plot and the highest magnesium 

content of the plots not receiving added magnesium. Two of the thre.e 

cows on the plot treated with nitrogen and potassium developed clinical · · 

tetany during the 21-day trial. 

Hvidsten et al. (1959) studied the influence of fertilizer 

.• .· . 
·.·· .. :; 

.. ·,' . 

. .. ~· 
· .... 

.· .. ·.· . 
treatments of pastures on the lilineral composition of the herbage and 

the incidence of hypomagnesemia. The first two years, two rates of 

fertilization with the same proportions of nitrogen, phosphorous and 

potassium were compared. The third year, the effect of high potassium: · 

fertilization per se was studied. Cows on plots receiving either high 

potassium or high nitrogen and potassium had sic;tnificantly lower serum 

magnesil,llil levels at 3 weeks. There was a drastic initial drop in serU,Jn 

magnesi_um in the cattle on all plots but the cattle on the other 

treatments recovered much more qUiekly~ An abundant nitrate supply 

seetned to enhanc:::e the uptake -of potassium by the plants mid res~lted · 

in a h,igher ratio Of i>Otas_sium to calcium plus ~agnesium• . 
. ·~ ' 

..; . 
."··i·:. '"lo 

_,..._ . 

-.:, ,.·. .. I 
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Hemingway et aZ. (1963) studied the effect of pasturing ewes on 

plots receiving muriate of potash (41% K) at levels of 112 and 224 kg. 

per ha. Forage potassium was increased and sodium was decreased.by both 

levels of added potassium, and magnesium and calcium were not consistently 

affected. Plasma magnesium was highest for the ewes on the 112 kg. 

treaqnents and lowest for those on the 224 kg. treatment. The one 

clinical case which occurred was on the non-fertilized plot. Ritchie 

and Hemingway (1963), in a continuation of that experiment, utilizing 

the same plots a second year applied the same levels of potassium, and, 

in addition, dressed all plots with 336 kg. of 21% nitrogen fertilizer 

per ha. Herbage magnesium, 9alcium and sodium were significantly 

reduced on the plot receiving the highest potassium level. There were 

no significant differences in the herbage potassium content. The 

average plasma magnesium of all ewes actually rose when they were 

transferred to the plots shortly after they had lambed on pe:rmanent 

pasture. Plasma magnesium was not significantly different among 

treatments, although the potassium treatments produced c:Onsistently 

lower average values on all sampling dates. 

Ritchie .and Hemingway (1963) and Wilson (1964) have concluded that 

potassium fertilization,of pastures is not a factor in hypomagnesemio 

tetany except when employed at high levels for several years or used in 

an area where soils are naturally rich in potassium. Wilson (1964) 

hypothesized that high levels of potassium added to the soil could 

compete with magnesium for cation exchange sites of clay and result 

in magnesium leaching from the soil. 
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L'Estrange et aZ. (1967) placed 24 ewes with twin lambs on pasture 

either lightly or heavily fertilized with nitrogen. There was no 

substantial difference in serum magnesium. Analysis of the herbage 

showed that the heavily fertilized plot contained less potassium than 

the lightly fertilized plot. 1 

Relation of Potassium Content of Forage to Availability of Magnesium 

Rook and Balch (1958) conducted three metabolism trials with six 

cows each. The cows were switched from a wintering ration to (1) fresh 

grass plus concentrate, (2) fresh grass fertilized with potassium and 

phosphorous or (3) fresh grass fertilized with nitrogen. Fecal 

magnesium, as percent of intake, was slightly higher for animals 

consuming the potassium and phosphorous fertilized grass. 

Kemp et aZ. (1961) used 39 cows in metabolism trials to compare 

the availability of magnesium from wintering type :r;ations and grass from 

pastures with different fertilizer treatments. They concluded that 

heavy application of nitrogen or potassium fertilizer to pastures had an 

adverse influence on magnesium availability of the herbage. In a later · 

experiment forage was cut at the beginning, near the middle and near the 

end of the growing season from a pasture to which potassium was applied 

at intervals throughout the season in an attempt to maintain potassium 

levels in the forage. Availability of '!;he forage magnesium increased 

as the forage matured, although a high potassium level was maintained. 

This occurred simultaneously with a decreasing magnesium and crude 

protein content in the forage. 

Stillings et al.. (1964) studied the utilization 10£ magnesium by 

ruminants consuming forages low and high in nitrogen content.· The 
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overall utilization of magnesium was. greater from the. l<>W-nitr.ogen 

forage. H<»tever, the magnesium utilization appeared to be more closely : 

related to the potassium than the ni trogeri. content of the forage. 

L'Estrange and J.\XfoJ:'d (1966) conducted balance trials with two 

diets of fresh cut herbage and one die:t of hay plus cake. Potassium·. 

content was 3.75, 3.46, 1.35 and· 1.15 for the first and second cut 

grass, hay and cake, respectively. Magnesium intakes were similar. 

Fecal magnesium, as a percent of intake, was 84 and 85, respectively, 

·' '";- :- . 

·._.-.· ,.· 

" 

for the first and second. grass cuts and 65 for the hay plus cake ration~.· 

Field (1967) studied magnesimn excretion in grazing wethers by 

the use of fecal collection bags and urine sanpling devices. Forage 

.,·. 

: ~-· 

. .'>: "··.· .. 

. .... 

·~ ,.' .. 

.. .·, 

potassium decreased from May through July (3.29 to 1.69%) and increased· 
'.•., 

··from July through November (l.69 to 3.51%). There was no apparent -·: .. :. ·," 

correlation between estimated potassium intake and magnesium excretion. 

Effect of Feeding Supplementary Potassium 

. Dennis and Harbaugh (1948) fed or drenched cattle with high levels 

of potassium chloride or citrate and successfully produced tetany. 

Serum potassium and calcium were not significantly affected and serum. 

magnesium was not measured. 

Pearson et aZ.. (1949) "fed ewes a ration containing 5\ potassium and 

serum magnesium Values were obtained at intervals. At no time durin9' the : 

experiITent was the serum magnesium of these ewes significantly different : \ 
, .... 

from a· similar group of ewes fed a stock ration with access to pasture •. 

There was only aveey slight;. trend:for lollfer serum magnesium·for the 
.. ·. . .... ·. . { 

potassium suppleme*ted ewes ·at, the end of the S•month trial •. 

. ~ .. ' 

'•1·: 

:· .. : 

. . '. _.:, 

:. '' ··--.··. 
.... .. ,· ....... 
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Daniel et ai. (1952) conducted two experiments to compare dry lot 

type rations and wheat pastures with and without added potassium or 

calcium. In the first experiment 80 ewes were divided into four lots 

and (1) fed a dry lot ration, (2) fed a dry lot ration plus 4.2% 

potassium chloride, (3) grazed on wheat pasture free choice from October 

to May or (4) grazed on wheat pasture and given 4.6 gm. of calcium 

chloride per head per day in the drinking water. In the second 

experiment, 40 ewes were divided into four lots and (1) fed a dry lot 

ration, (2) fed a dry lot ration plus 7. 7% potassium chloride, (3) grazed 

on wheat pasture during April and May or (4) grazed on wheat pasture and 

given 116 gm. of potassium chloride per head per day in the drinking 

water. No significant differences due to the treatment were observed in 

ewe or lamb weights, and plasma potassium, sodium, calcium, phosphorous. 

or magnesium. Plasma magnesium tended to decrease in the ewes grazing · 

wheat during periods of lush growth. 

Eaton and Avampato {1952) fed 12 lambs three rations in an 

experiment with a Latin square design to study the effects of a high 

potassium diet. The diets were (1) normal alfalfa hay (l.6% K), 

(2) high-potassium alfalfa hay (3.23% K) and (3) normal alfalfa hay 

plus potassium chloride to equal the potassium intake of diet 2. · The 

magnesium and calcium contents of the diets were, respectively, (1 and 3) 

0.32% and 1.58%, and (2) 0.25% and 0.62%. Serum potassium levels were 

significantly higher for lambs fed either c:liet 2 or 3, compared with 

diet 19 Serum magnesium levels of lambs fed diet 2 wel:'e significantly 

lower and those of lambs fed diet 3 were significant+y higher than for 

the lambs fed diet 1. 
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Kunkel et aZ. (1953) reported that the inclusion of 5% potassium " 

in an ewe ration resulted in a significant lowering of the blood serum 

magnesium. The limitation of water or sodium chloride intake did not 

accentuate the hypomagnesemic response. Interpretation is confounded 

by the fact that the ewes consumed approximately 500 gm. per day less 

of the high~potassium ration. 

Fontenot et aZ. (1960) conducted two trials to study the effect of 

a high-protein, high-potassium ration, formulated to approximately equal 

the composition of the young wheat plant, on the mineral metabolism of 

sheep. Feeding the high-protein, high-potassium (4.7% K, dry basis) 

ration resulted in an increase in fecal magnesium of 48%, compared to 

the low-protein, low-potassium Cl. 4% K, dry basis) ration. Both rations 

had equal magnesium, calcium and phosphorous content. The high-protein, 

high-potassium fed sheep had lower fecal calcium excretion (significant 

only in the second trial) and significantly higher calcium rentention in 

both trials. Fecal sodium excretion was lower in both trials, although 

total excretion was greater for the high-protein, high-potassium lambs. 

They, also, had lower fecal potassium excretion and greater potassium 

retention. 

Blaxter. et aZ. (1960) conducted a study using liquid-fed calves 

on diets with two magnesium (0.0004 and 0.14% of dry matter) and two 

potassium (1.2 and 5.8% of dry matter) levels. Six of the eight calves 

on the low-magnesium diets developed signs of magnesium deficiency, but 

only those also consuming the high-potassium level died. Calves on the 

high-magnesium and high-potassium intake developed a isevere metabolic 

distur,bance and three of the four died. This disturbance may have been 
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due to high-potassium intake with restricted water intake. They 

concluded that potassium had little effect on magnesium in the animal .. 

Kemp et aZ. (1961) fed a ration of fresh cut grass plus 400 gm •. · 

potassium ·chloride per day to milking cows. The. grass received no 

potassium fertilizer and was fed ad Zibitwn. Magnesium availability 

was decreased from 18.5% to 16.0% by the addition of potassium. 

Suttle and Field (1967) studied the effect of increased potassium 

intake on the metabolism of magnesium, phosphorous, sodium, potassium 
), 

and calcium in sheep. In the first experiment, potassium chloride was 

introduced via fistulae to raise the potassium intake to 37 gm. (4. 2% 

of dry matter intake) compared to an intake of 9.5 gm. for the controls. 

In the second experiment, a balance trial was conducted with five 

wethers both .before and after 30 gm. of potassium, as the acetate, were 

added to a ration containing 7 gm. of potassium. Both experiments were 

10 days in length with the balance trial being conducted during the last· 

3 days. In both experiments the addition of potassium resulted in 

significantly increased fecal magnesium, decreased urinary magnesium, 

increased urinary sodium, increased fecal potassium and increased 

urinary potassium. Fecal and urinary calcium and phosphorous excretion · 

were not consistently affected. There were no significant differences 

in retention of magnesium, potassium, calcium, phosphorous or sodium in 

either of the experiments. 

Suttle and Field (1969), in three experiments, fed varying lev'els 

of magnesium and potassium to ewes. 'l'he same semipurified ration was 

used in all experiments with varying levels of calcined magnesite and 

potassium chloride.. In experiment l, magnesium intake was 0.5, l.O or 
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1. 5 gm. per day and potassium intake was 2 .6 or 47 gm. per day. 

Statistical analysis showed that the increase in potassitim intake 

reduced plasma magnesium levels by 1.0 gm. per 100 ml. i the decrease in 

magnesium intake from 1.0 to 0.5 gm. per day reduced serum magnesium 

values by 0.33 gm. per 100 ml., and the effects were additive. The 

addition of potassium to the high-magnesium ration resulted in a decrease 

in plasma. magnesium that was not significant. Two of the four ewes on 

the lowest magnesium and high-potassium level developed hypomagnesemic 

tetany after 6 days. 

Experiment 2 was conducted with 20 lactating ewes consuming 1.5, 

2.0 or 3.0 gm. magnesium and94.0 or 5.2 gm. potassium per day. The 

added potassium caused a decrease in plasma magnesium of 0.63 mg. per 

100 ml. The decreases in dietary magnesium levels resulted in small 

non-significant decreases in plasma magnesium. Two of the four ewes 

on the lowest magnesium intake consuming high-potassium developed 

hypomagnesemic tetany during the 16-day experiment and the others had 

extremely low plasma magnesium levels. 

In experiment 3, 16 lactating ewes were fed 1 gm. of magnesium 

and 5.2, 49.6 or 94.0 gm. of potassium per day (0.26, 2.48 or 4.70% 

potassium). All treatments resulted in a fall in plasma magnesium 

corcpared to initial levels.. The decrease was. greater and. more rapid 

in the ewes receiving the two higher potassium levels, with little 

difference between these two treatments. Two animals consuming the 

highest potassium level developed hypomagnesemic tetany on the seventh 

day of the 12-day experiment. There was great variation in plasma 

magnesium values within the higher potassium trea"t;ments. 
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Possible Modes of Action for Effect of Potassium on 

Magnesium Absorption 

Nunn and Ellert (1967) found penetrating ions to have an effect 

on magnesium efflux from rat small intestine, in vitro. An everted-sac 

method with isotonic serosal and mucosa! media was used. Magnesium was 

displaced from the tissues into the mucosa! medium when either sodium, 

potassium or lithium moved into the tissues. Potassium caused the 

largest efflux of magnesium, the average amount being four times that 

which occurred when an isotonic mannitol medium was used. Water movement 

into the segments incubated with the potassium medium was approximately 
') 

25% of that which occurred with the mannitol medium. There was no 

significant change in osmolarity during the 30 minute incubation. 

However, the effect on magnesium did not seem to be a nonselective 

osmotic pr~cess, as sodium influx did not result in increased potassium 

efflux. Two possible causes of the effect were proposed, (1) the 

unbinding of membrane magnesium for participation in regulating passive 

permeability and (2) activation of mucosa! ATPase, possibly necessary 

for increased activity of the sodium pump. 

Phillipson and Storry (1965) found that magnesium entered the 

isolated rumens of anesthetized sheep when calcium was absent or sodium 

chloride was high in solutions placed in the rumens. The magnitude of 

the effect was very variable. No net absorption of magnesium from the 

rumen could be detected even when the solutions contained levels up to 

six times that of the blood. 

They used sheep with two pairs of re-entrant cannulae at several 

levels of the intestine to isolate functional intestinal segments in 
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conscious animals. Both gains and losses of magnesium occurred in 

all segments with no net absorption above the mid-jejunum. The factors 

affecting the secretion rate of magnesium were not clear as many of 

the test solutions were abomasal fluid and not clearly characterized. 

Potassium content of the solutions was not measured, but the sodium 

levels gave no clear correlations with magnesium flux. 

Care et aZ. (1967), using a sheep with a Thiry-Vella loop at the 

level of the mid-ileum, found that increasing potassium concentration 

resulted in decreased magnesium absorption from the test solution in 

the loop. Magnesium absorption from the loop was positively correlated 

to the sodium concentration and osmolarity of the test solution. 

However, a joint regression of sodium and potassium concentration and 

osmolarity on magnesiiim absorption was the only significant correlation. 

Sodium, potassium, magnesium and calcium concentration were all varied 

in each test solution. 

Estimates of fecal endogenous magnesium in sheep range from 18 

to 227 mg. per day (Field et aZ., 1958; Field, 1959; MacDonald and Care, 

1950; L'Estrange and Axford, 1964) allowing latitude for potassium to 

affect excretion of magnesium into the. gut. 

Studies on Magnesium Metabolism Using Magnesium28 

MacDonald and Care (1959) injected a wether fed 1.4 gm. of magnesium 

per day subcutaneously with 120 microcuries of magnesium28 chloride. 

Apparent absorption of magnesium from the hay diet was 141 gm. per day. 

(10.1%) while the calculated absolute absorption was 368 mg. per day 

(26. 3%). . 28 . J The ratio of magnesium recovered in the feces to that 

recovered in the. urine was 1. 77, showing the feces to be the more 
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important excretion route. Fecal en4ogenous magnesium was calculated 

at 227 mg. per. day by an isotope dilution method. 

Field (1959) studied magnesium metabolism in sheep on a hay diet, 

using a comparative balance technique. Of the ruminal dose of 

magnesium28 , 79.2% appeared in the feces and 0.07% appeared in the 

urine. Of the intravenous dose, 19.4% appeared in the feces and 11.9% 

appeared in the urine. The calculated fecal endogeno~s magnesi\lm was 

205 mg.· per day. 

Field (1960) studied the uptake of magnesium28 by the skeleton 

of a sheep to estimate the labile stores of magnesium in bone. The 

magnesium available to a sheep from its skeleton during magnesium 

deficiency was calculated to be 160 to 200 mg. or approximately l day's 

·fecal endogeno~s loss. The skeleton of a C(:M was calculated, by 

extrapolation from the sheep data, to contain 1.8 to 3.0 gm. of labile 

magnesium or equal to magnesium loss in 11 .to 19.l.of milk. He suggested 

that slightly more magnesium may be labile during lactation. 

Field (196lb) dosed two sheep (one intraruminally and one 

. t l ) . th . 28 in ravenous y wi magnesium • The sheep were killed 10 hours later 

and samples of digesta were taken from different parts of the alimentary 

tract and separated into liquid and solid fractions. Also, whole blood, 

blood plasma, kidney, liver, bile, spleen and gastrocnemius muscle were 

sampled. The mucosa was stripped from the alimentary tracts and samples 

were taken from various points. Four other wethers received the same 

ration with feces collected and sampled every 3 hours to determine 

diurnal variation in fecal magnesil,lill excretion. In the intravenously 

dosed sheep, the bile, kidney and a majority of the mucosal samples had · 
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a higher specific activity than the plasma indicating that equilibrium 

with these was reached quickly. In contrast, muscle had a very low 

activity and liver and spleen were approaching equiilibrium. There is 

also a possibility that the ionic magnesium28 did not exchange rapidly 

with magnesium on the plasma proteins, thus leaving the unbound blood 

magnesium with a high specific activity to exchange with intercellular 

magnesium. All digesta samples from the orally dosed wet.her had higher 

specific activities than that of plasma while the reverse.was true for 

the intravenously dosed wet.her. Magnesium was secreted into both the 

abomasum and duodenum and absorbed mainly from the middle one-third of 

the small intestine. Approximately 75% of the excreted magnesium was 

calculated to have been reabsorbed. There was no evidence of diurnal 

variation in fecal magnesium excretion. 

Care and Ross (1962) fed wet.hers either hay or lush grass in a 

'tch b ck . 'th f . 28 chl 'd swi a experiment wi tracer amounts o magnesium ori e 

. d d . th . Th ab . f . 28 intro uce into e rumen. e average sorption o magnesium was 

16.6 and 10.0% from the hay and grass rations, respectively. The marked 

difference in absorption suggests that hypomagnesemia is not caused by 

bound magnesium in the plant, but other factors in the plant which alter 

the permeability of the intestinal wall to magnesium or bind magnesium 

within the lumen. 

Care et al. (1965) proposed a system for calculating the central 

pool magnesium turnover rate from a single intravenous injection of 
. 28 magnesium The main assumptions necessary for the system to fit are 

that (1) the animal is in a steady state (requires magnesium only for 

maintenance), (2) tissues of the animal do not discriminate between 
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stable and radioactive magnesium and (3) reabsorption of magnesium28 

excreted into the alimentary tract is negligible. Previous work by 

MacDonald and Care (1959} indicated that these assumptions were valid 

but work by Field (1961b) indicated that assWt!Ptions 2 and 3 might not 

be satisfied for a considerable time after a single injection of 

. 28 magnesium To test the system, the magnesium turnover rate was 

calculated for one wether on a hay diet with both a single injection 

and a constant infusion of magnesium28 until equilibrium was reached. 

The results of both methods were identical. The magnesium turnover 

rates were determined for three additional sheep consuming the hay ration. 

Two of these sheep plus an additional one were later used to determine 

the magnesium turnover rate of sheep consuming lush grass. The average 

central pool magnesium turnover rates were 1. 7 and 1.1 meq. per .. kg. of 

lean body mass per day (P < .OS) for sheep on the hay and lush grass 

diets, respectively. These results indicated that magnesium was being 

poorly absorbed from the lush grass rather than being secreted into the· 

intestine. 



OBJECTIVE 

The objective of these experiments was to study the effect of a 

high dietaey potassium intake on the metabolism of magnesium by she~p. 
v 

The effects on the metabolism of calcium, sodium .and potassium were also 

studied. 

- 19 -



EXPERIMENTAL PROCEDURE 

Experiment l 

Eight successive mineral balance trials were conducted with 12 

crossbred wether lambs (av. initial wt., 31.6 kg.) from Noyember 2 to 

November 26, 1968. Prior to the beginni_ng of the first trial, the 12 

lambs were assigned to four groups, two groups of four each and two of 

two each, accordi_ng to apparent breedi_ng and bodyweight. The lambs 

within each group were allotted at random to two rations, a low and a 

high-potassium ration. The basal, low-potassium ration contained 0.6% 

potassium and 0.1% magnesium and was fed at the rate o~ aoo gm. per day. 

The high-potassium ration consisted of the basal ration plus 100 gm. of 

potassium bicarbonate per day and contained 4.9% potassium and 0.1% 

magnesium. The ingredient and mineral composition of the two rations 

fed is shown in table I. 

The rations were calculated to contain the reconunended (N.R.C., 

1968) amounts of calcium, phosphorus and crude protein. The potassium 

level of the low-potassium ration was calculated to be near the optimum 

level for growing lambs, reported by Telle et aZ. (1964). The shelled 

corn was ground in a hammer mill over a 1.91 cm. mesh screen and the 

corn cobs were. ground ·over a 2.54 cm. mesh screen. The ration ingredients 

were weighed and mixed immediately prior to feeding with the exception 

of the supplementary minerals and vitamins which had been pre-mixed with 

the soybean meal. The lambs were maintained i.n false bottom metabolism 

stalls similar to those of Briggs and Gallup (1949} • Equal portions of 

the retions were fed at 6:00 a.m. and 6:00 p.m • 

.. 20·-
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TABLE I. COMPOSITION OF RATIONS 

.Eation. 
Item 

Low potas1E1ium 

grn./day % grn./day % 

Ingredients 
Shelled corn 380.0 380.0 .. 
Corn cobs 240.0 240.0 
Soybean meal, 119. 7 119.7 
Cerelosea 50.0· so.a 
Trace mineral saltb 4.0 4.0 

. Defluorinated phosphate · 4.6 4.6 
'-Calcium carbonate 1.5 1.5 
Magnesium oxide 0.2 0.2 
Vitamins A and DC + + 
Potassium.bicarbonate 100.0 

Total 800.0 900.0 

. 1 d Minera s 
Magnesium 0.9,l 0.11 0.91 0.10 
Calcium 2.86 0.36 2.86 0.32 
Sodium 2.i9 0;27 2.19 0.24 
Potassium 4.82 0.60 44.36 .. 4,.93 

a A commercial preparation of glucose, Corn Products Refini~q Co.,. 
New York, N. Y. 

b International Salt co., Clarks Summit, Pa. 

0 2000 u.s.p. units of Vitamin A and 400 u .. s.P. units of Vitamin o3 
per day. 

d By analysis. 

. ... , 
. t ' 

,'', ·. 

'-; ~ 
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· The lambs were first placed in the metabolism stalls on September 

17, 1968, and fed a ration containing 40% ground hay, 40% ground shelled. 

corn, 19.5% soybean meal and 0.5% trace mineral salt. The level of 

ration fed was adjusted individually until all lambs were consuming 

800 gm. per day. When all lambs were consuming their daily allowance, 

they were changed to a ration containing 48% ground shelled corn, 34% 

ground corn cobs, 16.7% soybean meal, 0.8% defluorinated phosphate and 

0.5% trace mineral salt, which with the addition of 200 gm. of Cerelose 

would be almost identical to the planned low-potassium ration. After 

the lambs had been fully changed to 600. gm. per day of the ratit>n ab6Ve, 

Cerelose was added to the ration in increments of 25 gm. per day. On 

the second day after the 200 gm. Cerelose level was reached, four of the 

lambs went corrg;>letely off feed and all others refused large amounts of 

feed. Rumen contents samples were taken from the two lambs which 

appeared most depressed. The pH of these samples was 4.5 and 4.7. 

Urinary pH of the same two lambs was also measured and found to be 6.2 

and 6.4. It was therefore concluded that the lainbs were in a state of 

acidosis. At this time all lambs were given one small meal (approximately 

200 gm.) of long hay, which they consumed. However, all atterrg;>ts to 

encourage the lambs to consume either the hay-corn-soybean meal or the 

com-corn cob-soybean meal ration failed until a mixture of 50% of each 

of these rations plus 50 gm. per day of Cerelose was offered. Therefore, 

the.rations shown in table I were formulated and after the lambs were 

consuming 800 qm. of ration per day they were switched to the experimental 

low-potassium ration. 
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For 5 days prior to the start of the experiment, ali lambs received· ··· · · 

800 gm. of the low-potassium ration. Th~. ~4ded potassium bicarbonate · 

was introduced into the high-potassium ration over a 2-day period in 

increments of 12.5. gm. per feedi:ng. This 2-day transition .period was 

followed by e_ight successive 3-day collection trials. 

Total fecal collections were made in metal pans at a constant time .. · · 

approximately 55°C for 12 to 2~' .hr~;;" Upon removal from the oven, the 

feces were allowed to equilibrate with atmospheric moisture for 24 ·hr<;.-,,•: 

after which ·they wer~ stored in covered cardboard food containers. 

Daily fecal collections of each lamb for each 3-day trial were conposited' .· 

and stored for subsequent weighing and ·sampli_ng. The 3•day collections 

were weighed and sampled and the samples were stored in air-t:ight glass 

jars. 

Urine was collected in g-lass jars via a plastic funnel placed under 

a metal. grid in the false floor of the stalls. Each jar contained 20 ml. 

of l: 1 (vol./vol.) sulfuric acid and water and 500 ml. water. Urine was· · ' 

collected once daily at a constant time, diluted to a constant we.ight of 

5 .kg. and a 2% sample by volume was placed in a glass jar with a t.ight 

fitti.ng lid and stored Ul}der refJ:'.igeration. The ·samples for each lamb 

were conposited for each 3-day trial and were stored for Subsequent 

analysis at approximately 5°C. 

Blood samples were obtained by j.uglar puncture prior to the 
. ' 

~eginni.ng of the transition period and at the beginning, midpoint and 

end of the collection period. These sanples were placed in a'hot water 
; . . . . 

. . . 

bath at ·3a0 c •. for 3o min. and the serum w~ separatedt by ceritri£:ugation. ' 

.. ,·, 

... : ... ·i.,: .. 
;~ "• • ". • ", I • .: 
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Serum was poured off into culture tubes with screw caps and stored 

frozen until analyzed. · 

On occasions there were feed refusals. These were removed from the 

feeders prior to the subsequent feedi.ng and stored in labeled paper b.ags. ·. 

The refusals were composited for each trial allowing a 24-hour lag 

period, weighed, sampled and the samples were stored in air-t.ight glass 

jars. 

Grab samples of each ration i.ng'redient were taken daily, prior to 

the afternoon feeding. -The samples for each i.ngredient were composited 

in separate cardboard cartons over the eight collection periods. - At the 

end of the experiment, these were sampled and the samples were stored.in 

air-tight glass jars until arialyzed. 

At the end of the eight 3-day metabolism trials the animals were 

maintained on the respective rations for an additional 3-day period. 

Volume, pH and specific gravity were measured on the daily urine 

collections. The pH was measured with a glass electrode pH meter and 

specific gravity was measured with a floating bulb hydrometer. 

The fecal, feed and feed refusal samples were finely ground in 

a Wiley mill and sub-sampled. A 1 gm. sample was wet ashed with 

concentrated nitric and 70% perchloric acid by the method of Sandell 

(1950). After evaporation to dryness the ash was. taken up in 5 ml. of 

concentrated hydrochloric acid. This was diluted to 50 ml. with ion-

free water and aliquots were diluted with 0.01% lanthanum oxide for 

magnesium and calcium determination and with ion-free water for potassium 

and sodium determination~ Blood serum and urine samples were diluted 
• • •· y 

with lanthanum oxide and ion ... free water.as described above.for the wet 

,~ . 
. ,: . ···,' ,· . 
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ashed samples. Magnesium, calcium, sodium and potassium were determined 

in the diluted samples using Perkin-Elmer 303 Atomic Absorption 

Spectrophotometer methods. 

Differences in apparent absorption (9.;) of magnesium., calcium, sodium 

and potassium and blood serum levels of these elements for each trial or 

sampling date were analyzed by analysis of variance. · 

Experiment 2 

Six yearling wethers were paired according to apparent breeding and 

bodyweight and randomly allotted to "cwo rations which were identical in 

i_ngredient composition to those. used in experiment 1 (table I) • Data. 

were collected from the first pairof wethers in June and from the other 

two pairs in July, 1969. The wethers were maintained in false oottom 

metabolism stalls and adjusted to the rations as in experiment 1. On 

the sixth day that the lambs had been fed the experimental rations an 

initial blood sample was obtained and all wethers received a dose of 

magnesium28 chloride1 via jugular vein catheter. The magnesium28 was 

received dissolved in hydrochloric acid. Prior to jugular infusion the 

Mg28c12 was diluted with sodium acetate buffer (1.59 M. NaAc per l. 

distilled water, pH 7.4). The doses used were 71 microcuries in June 

and 56 microcuries in July, supplying approxima.tely 0.2 mg. of 

ma gne si um. 

Periodic blood samples were obtained until 96 hr. post injection. 

The samples were obtained at intervals of 5 to 12 minutes during the· 

first hour. After the first hour, there was a gradual lengthening of 

lBrookhaven National Laboratory, Upton, Long Island, N. Y .. 
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the sampling intervals to 12 hr. at the end of 96 hr. 'Total fecal and 

urinary collections were made at 6 hr. intervals until 72 hr. post 

injection and at 12 hr. intervals from 72 to 144 hr. For the first pair 

of wethers rumen ingesta samples were obtained at 10 hr. post injection 

and in the second· trial samples were obtained at 2, 6, 12, 18 and 36 hr. 

post injection. 

Blood samples were taken in heparinized tubes· and centrifuged at 

5,900 g. for 10 min. Plasma was pipetted into culture tubes with screw 

cap covers. Catheters were kept free of blood clots with heparinized 

saline (25 I.U. heparin per ml. of 0.9% saline). 

Fecal and urinary collections were weighed and sami?led, the samples , 

were kept in glass jars with airtight lids. Approximately 3 gm. of feces 

were placed in micro-Kjeldahl flasks and digested with 10 ml. concentrated 

nitric acid and 4.5 ml. of 70% perchloric acid. These were removed from 

heat when approximately 2 to 3 ml. of the colorless, acid-ash solution 

remained, and were diluted to 10 ml. with distilled water. 

Rumen ingesta sanples were obtained with a stomach tube and syri~ge, 

centrif.uged at 12, lOO. g. for 10 min. and the supernatant removed for 

radioisotope counting. 
28 All samples we:r;e analyzed for Mg. in an automated well-type 

scintillation counter (Tracerlab Coru/matic II) usi.ng scintillation 

fluid with the following composition per liter: 

5.5 
125.0 
333.0 
666.0 

gm. 
.mg. 
ml. 
ml. 

of 2,5 Cl.iphenyloxazole (PPO) 
of 1,4 Cl.i-2-(5-phenyloxazole)-benzene (POPOP) 
of Triton X-1002 
of toluene. 

2 · Packard Inst:r;ument Co., Inc., Downers Grove, Ill. 
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The samples were prepared.for col.Ulting by adding 1 ml. of plasma, l or 2 

ml. of feca1.ash solution, 2 ml. of urine or 2 ml. of rumen fluid 

supernatant to 15 ml •. of the counting fluid in glass col.lllting vials. 

Quench corrections were made using the instrument's external standard. 

Magnesium was determined in the initial blood plasma samples by 

atomic absorption spectrophotometry as given for experiment 1. 

The results for central pool magnesium turnover rate for both 

trials were combined and analyzed for significance by using a paired t 

test. For both fecal and urinary excretion, a linear regression 

analysis was conducted for cumulative excretion against time for the 

wethers fed the low and those fed the high-potassium level •. Differences 

in regression coefficients between treatments were analyzed with a t 

test. 



RESULTS AND DISCUSSION 

Experiment 1 

One lamb on the low-potassium ration was accidentally injured 

during trial 1 and had to be removed from the experiment. Therefore, 

values for the low-potassium ration, after trial 1, represent an 

average of five animals, and the values for the h.igh-potassium ration 

represent an average of six animals in all trials. 

Feed Refusals. All lambs fed the high-potassium ration refused 

feed, starting on the second day of potassium supplementation and 

continuing thro.ugh trial 2, after which feed refusals were sporadic. 

The average feed refusal was less th~ 100. gm. per day in any trial 

and no refusals occurred during the last trial. One lamb fed the low-

potassium ration refused feed during trials 1 and 2. Average daily feed 

intake was 861.3 gm. for lambs fed the h.igh-potassium ration and 799.6 

gm. for those fed the low-potassium ration. Thus the average intake of 

the lambs fed the h.igh-potassium ration was 107. 7% of that for those fed 

the basal ration. 

Kunkel et aZ. (1953) found that sheep fed a .5% potassium ration 

consumed, on the average, only 65% as much as comparable sheep fed the 

control ration. Suttle and Field (1969) reported little feed refusal 

until ewes had been fed a high-potassium ration for 5 days in one 
l, • 

experiment and for the first 5 to 6 days in another experiment. In that 

experiment feeding low-magnesium rations, containing h.igh-potassium levels, 

resulted in the greatest amount of refusal.· .A large individual variation 
i 

- 28 ... 
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between sheep, which also occurred in the experiment reported here, was 

noted. 

Magnesium Metabolism. The effect of the h.igh-potassium intake on 

the average apparent magnesium absorption, expressed as percent of 

intake, is shown in figure l. Average values for magnesium intake, · 

fecal and urinary excretion, apparent absorption and balance are shown 

in table II. The high-potassium intake resulted in a decrease in 

apparent magnesium absorption of approximately 50%. This difference was 

highly significant in the first seven trials (l? < .Ol) and s.ignificant · 

in the last trial (l? < .025). As shown on the graph, the difference 

was established rather quickly following the introduction of the high-

potassium level in the ration, with no large change thereafter. The 

average magnesium absorption values, expressed as percent of intake, for 

all trials were 49.l cµid 26.4% for the .low-and h.igh-potassium rations, 

respectively. 

Urinary magnesium was. greatly diminished in the lambs fed the 

high-potassium rationi probably a reflection of the lower magnesium 

levels absorbed (Rook et aZ., 1958). 

These results are in general .agreement with those obtained by 

Suttle and Field (1967), when wethers were fed a high-potassium level, 

and those of Fontenot et aZ. (1960) when wether lambs were fed a high-

protein, h.igfr·potassium ration except that apparent magnesium absorption 

was somewhat higher than that reported by these workers. L'Estrange and 

Axford (1966) found that switching ewes from a hay-cake ration to fresh 

cut grass resulted in a 43% decrease in apparent absorption of magne$ium. 

~agnesium intakes were similar for both rations but the fresh grass 
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TABLE II. MAGNESIUM BALANCE DATA 

Tri, al Excretion Absorption 
number Ration Intake Fecal Urinary gm./day % Balance 

gm./day gm./day gm./ day gm./day 

1 Low K 0.910 0.425 0.460 0.485 53.30 0.027 
High K 0.873 0.564 0.164 0.309 35.40a 0.161 

2 Low K 0.911 0.112 0.480 0.439 48.19 -.041 
High K 0.815 0.618 0.155 o .. 197 24.17a 0.041 

3 Low K 0.912 0.454 0.465 0.459 50.33 -.006 
High K 0.854 0.649 0.137 0.205 24.00a 0.068 

4 Low K 0.912 0.443' 0.475 0.469 51.43 -.007 
High K 0.885 0.655 0.092 0.230 25.99a 0.139 

5 Low K 0.912 0.438 0.468 0.474 51.97 0.005 
High K 0.889 0.645 0.122 0.254 28.57a 0.132 

6 Low K 0.912 0.494 0.447 0.438 40.03 -.029 
High K 0.886 o. 714 0.065 0.172 19.4la 0.131 

7 Low K 0.912 0.497 0.448 0.414 45.39 -.017 
High K 0.909 0.667 0.139 0.242 26.62a 0.086 

8 Low K 0.912 0.437 0.461 0.474 51.97 0.013 
High K 0.912 0.665 0.083 0.247 21 .o8b 0.164 

a Significantly (P<.01) lower than for low-K ration. 
0significantly (P<.025) lower than for low-K ration. 



- 32 -

supplied approximately three times as much potassium as the hay-cake 

ration. Field (196la) reported that switchinq sheep from a diet of hay••·· 

to fresh grass· with a substantial increase in both magnesium and 

potassium. intake resulted in a s.ignificant decrease in urinary · 

magnesium. 

There was a trend· for lowered serum ~gnesium levels for the lambs 

fed the high ... potassium ration (table III) after 14 days on the ration 
I 
I 

', ... · ', ,. ~. 

.'·.,·· .... 
(l.79 versus 2.28 mg. per 100 ml.). At the end of the last collection ;. ··.' 

· ·trial, the trend had ·disappeared. Pearson et aZ. (1949) reported a very. 

slight trend for lowered serum magnesium levels iri ewes fed a 5% 
> .f 

potassium ration. Eaton and Avarqpato (1952) and Suttle and Field (1967) 

found that increasing the potassium intake did not produce consistent . ·:::· .. ·:··'·:-.. ; '. .. ·· .. 

changes in serum magnesium levels. Kunkel et aZ. (1953) produced 

significantly lower serum ~agnesium l~vels in sheep by the addition of 

5% potassium to the ration and Fontenot et aZ. (1960) reporte4 a trend 

toward 10wered serum ~agnesium values in wethers fed a h.igh-protein, · 

high-potassium ration. Suttle and Field (1969) reported large decreases" 

in serum magnesium from the addition of 4.7% potassium to rations 

containi~g 0.1% magnesium or less. 

Calcium Metabolism. Average calcium absoxp~ion is sh<JWn in figure 2 .. · 

The- calcium balance data are. given· in table IV. There _was a trend for 

higher apparent calcium absoxption for the lambs . corisumi~g the h.igh-

potassium ration, but the difference was s.ignificant (P < •01) only for. 

trial 2. Average urinary calcium excretion was low for lambs fed'. both 

·rations during all ·trials, but tended to be .lower for those· fed the· hi(Jh. ·.·· . . . . . . . 
potassium ration. The effect< of feedi.nc;J h.i9h"."pot&Ssiwn levels .on 

, ..... 
. :.-, .. ·. ,':· •:·1 ,.. 

.... '. 

.• 

. '· 
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' TABLE III. BLOOP SERUM MAGNESIUM., CALCIUM, SODIUM AND POTASSIUM 

Time of 
sampiing 

Initial 

2-days 

14-days 

27-days 

. (MG./100 ML.) 

·., '.·:· 

.. -.. , 

''· . · . .. ..:·. 

-~. · .. 

': ,'· 

.. '·,,.... 

·. ': ,.. 
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TABLE IV. CALCIUM BALANCE DATA 

'Tri.a.1 Excretion Absorption 
number Ration Intake Fecal Urinary gm./day % Balance 

gm./day gm./day gm./da~r gm./day 

1 Low K 2.86 1.79 0.14 1.06 37.06 0.92 
H_igh K 2.68 1.69 0.05 1.18 44.03 1.13 

2 Low K 2.86 1.86 0.13 1.00 ·34.97 0 .. 87 
H_igh K 2.45 1.32 0 .. 04 1.12 45.7la 1.09 

3 Low K 2.86 1 .. 67 0.15 1.18 41 .. 26 1.04 
High K 2.59 1.42 0.03 1.17 45 .. 17 ·1.13 

4 Low K 2.86 1.40 0.15 1.47 51.40 1..13 
High K 2. 70 1.25 0.04 1.44 53 .. 33 . 1.40 

5 Low K 2.86 1.68 0.16 1.18 41.26 1.02 
H_igh ·K 2.72 

A 

1~51 < 0.04 1.20 44.12 1.18 

6 Low K 2.86 1.96, 0.14 0.99 31.47 . o,.?4 
H_igh K 2.72 1.73 0.04 0~99 36.40 0.95 

7 Low K 2.86 1.80 0.12 1.06 37.06 0.94 
High K . 2.84' 1 .. 64 0.11 1.20 42.25 1.09 

8 Low K 2.86 1.35 0.13 1.51 58.80 1 .. 38 
H.igh K 2.86 1.46 0.04 1.40 48 .. 95 1.35 

asignificantly (P< .01} higher than for low-K ration. 

J . 
. ·'.,'.· 



- 36 -

calcium excretion have been inconsistent (Curme et aZ.,. 1949; ·Eaton and. 

Avanpato, 1952; Fontenot et al.., 1960; Suttle and Field, 1967). 

There was a trend toward higher serum calcium levels for the high-

potassium·fed lambs at the end of the experiment .(table III), but the 

difference was not significant. Kunkel et aZ. (1953) reported a 

tendency toward hypercalcemia in sheep fed 5% potassium, and Fontenot 
. 

et aZ. (1960) reported a trend toward decreased plasma calcium in sheep · 

fed a high-protein, high-potassium ration. 

Sodium Metabolism. Increasi.ng the potassium intake resulted in. an 

increase· in apparent sodium absorption (~igure 3). The difference 

approached significance in trial 2 (P < .10), was significant in trial 

(P < .05) and was highly significant (P < .01) in trials 4 through a. 

Average urinary sodium excretion was increased in the lambs consumi.ng · 

the high-potassium ration (table V). These results are in general 

agreement with those of Fontenot et aZ. (1960), when a high-protein, 

high-potassium ration was ·fed; with those of L'Estr.ange and Axford 

(1966) when ewes were changed from a ration of hay and cake to one of 

fresh cut. grass and with those of Suttle and Field (1967) when high 

levels of potassium were added to the diet. 

Smith (1966) reported that the sodium and potassium concentration 

of ileal effluent of liquid-fed dairy calves could be changed by varying 

the sodium or potassium content of the diet but the concentration of 

. sodium plus potassium could not be significantly ch<i?ged. Field (1967) 

has suggested that increases in urinaey sodium that occur when ruminants. 

are switched to high-potassium· containi.ng forage are due to a partial 

replacement 'of sodium by potassium in the bufferi,ng system of the rumen. 
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TABLE V. SODIUM BALANCE DATA 

·Trial Excretion Absorption 
number Ration Intake Fecal Urinary gm./day % Balance 

gm./day gm./day gm./day gm./day 

1 Low K 2.19 0.72 1.02 1.64 74 .. 89 0 .. 45 
High K 2.00 0.19 1.40 1.81 90.50 0.41 ·· 

2 Low K 2.19 0.85 0 .. 78 1.33 60.73 o.56 
High K 1.78 0.28 1.38 1.50 84 .. 27 0.12 

3 Low K 2.19 0.89 1.08 1..29 58.90 0.22 
High K 1. 77 . 0.26 1.68 1.51 85.3la -0.17 

4 Low K 2.19 o. 72 1.16 1.47 67.12 0 .. 31 
High K 2.07 0.17 1.41 1.90 91. 79b 0.50 

5 Low K 2 .. 19 0 .. 65 1.11 1.54 70.31 0 .. 43 
H_igh K 2.09 0.17 1.57 1.92 91.B?b 0.36 

6 Low K 2.19 '0.69 1.05 1.50 68.49 0 .. 45 
High K 2 •. 08 0.18 1 .. 80 1.90 9l.35b 0.10 

7 Low K 2.19 0 .. 73 1.00 1.46 66.67 0 .. 46 
High K 2.18 0.19 1.84 1 .. 98 90.83b 0.14. 

8 Low K 2.19 0.61 1.09 1.58 72.15 0.49 
H_igh K 2.19 0.27 1.60 1.92 87.67b 0 .. 33 

a significantly (P< .05) higher than for low:-K ration. 
.. 

bsignifieantly {P< .01) high,er than for low-K ration. 
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Perry et aZ. (1966), in a metabolism study with heifers receivi_ng either 

an intravenous or oral dose of radioactive sodium24 or potassi'Um42 , 

found that a high-potassium intake had no ef~ect on orally administered 

d . 24 b 1 d . . . d . . so ium , · ut resu te in an increase urinary excretion of the 

. t di 24 in ravenous so um • 

Feeding a high-potassium level did not affect serum sodium levels 

(table III). These results _agree with those reported by Pearson et at. 

(1949), Daniel et at. (1952), Kunkel et a"l. (1953), Fontenot et at. 

(1960), L'Estrange and Axf"ord (1966), and Suttle and Field (1967, 1969) .. 

Potassium Metabolism. Lambs. fed the h_igh-potassium ration absorbed 

a h_igher percentage of the potassium fed duri_ng all trials (figure 4). 

The difference was significant (P < ·.OS) during trials 1 and 5, and 

highly significant (P < .01) during the other trials. Iri no trial did 

the average fecal potassium excretion of the high-potassium fed lambs 

exceed that of the low-potassium fed lambs by more than o. 73. gm., 

although there was a difference of approximately 39 gm. in .potassium 

intake. Most of the added dietary potassium was excreted in the·urine 

(table VI); however, the lambs fed the high-potassium level retained 

more potassium than those fed the low-potassium level. Fontenot et at. 

(1960) reported lOl'lered fecal potassium and higher potassium retention· 

in lambs fed a high-protein, high-potassium ration, but Suttle and Field 
) 

(1967) reported that high-potassium rations resulted in increased fecal 

and ~inary potassium with no consistent effect on potassium retention.· 

St. Omer and Roberts (1967} reported that increasing the dietary 

potassium levels of dairy heifers increased absorption and retention of 

potassium. cur:me et at. (1949) and Eaton and Avampato (1952) reported 
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TABLE VI. POTASSIUM BALANCE DATA 

Trial Excretion Absorption 
number Ration Intake Fecal Urinary gm./day % Balance 

gm./day gm./day gm./day . gm./day 

l Low K 4.81 o.77 2.64 4.20 87.32 1.40 
High K 39 .. 21 1.50 22.09 38 .. 04 .97 .02a 15.54 

2 Low K 4.81 0 .. 79 2.76 4.02 83.58 1..26 
Hiah K 

. " 34.45 1.10 28.35 33.35 96 .. 63a 6.01 

3 .Low K 4.82 0.66 2.87 4.16 86 .. 31 1.29 
H_igh K 38.70 1.12 31.27 37.57 /97 .o8a 6 .. 12 

4 Low K 4.82 0.63 2. 71 4.19 86.93 1.42 
H_igh K 41..12 1.29 31.76 39.82 96.84a 8.08 

5 Low K 4.82 0.69 2.95 4.13 85.69 1.18 
H:igh K 41.68 0.99 32.84 40.69 97.62a 7.85 

6 Low K 4.82 0.92 2.94 3.90 80.92 0.96 
High K 41.48 1.27 31.56 40.20 96.9lb 8.54 

7 Low K 4.82 0.76 2.88 4.06 84.23b 1.18 
H.igh K 43.35 1.19 33.31 42.83 ~8.80 9.35 

8 . Low K 4.82 o. 70 . 2.86. 4.12 85.47 1.25 
H.igh K 44.36 0.82 30.58 43.31 97.4lb 12.63 

as_ignificantly (P<.05) h_igher than for low-K ration. 
bs_ignificantiy (P<. 01) higher than for low-Kration. 
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that high levels of potassium, whether in the form of high-potassium hay, 

green forage or inorganic salts, resulted in an increased and 

approximately equal retention of potassium in sheep. Perry et aZ. 

(1968) reported that added dietary potassium had no effect on ·fecal 

. f 11 . 1 dmi . d . 42 . h . f excretion o ora y or intravenous y a nistere potassium in ei ers. 

H . f b th 1 d . tr t . 42 owever, urinary recovery o o ora an in avenous po assium was 

greater in the high-potassium heifers. 

There was a slight trend for an increase in serum potassium when 

the high-potassium ration was fed (table III). Several workers have 

reported that high-potassium intakes do not have marked effects on serum 

potassium (Curme et aZ., 1949; Pearson et aZ., 1949; Kunkel et aZ., 

1953; Fontenot et aZ., 1960; Suttle and Field, 1967). Eaton and 

Avampato (1952}, St. Omer and Roberts (1967) and Suttle and Field (1969) 

have reported significant increases in s·erum pot~sium, resulting from 

. feeding high-potassium levels to ruminants. 

Observations on Urine. As stated in the experimental section, an 

attellll?t was made to acidify the urine during collection. However, the 

urine from the higll•potassium fed lambs was not acidified, by the simple 

addition of as much as 200 ml. of 1:1 sulfuric acid to the collection 

jars prior to the beginning of daily collections. If .agitated, 20 ml. 

of the acid was sufficient to acidify the urine. Upon slight agitation 

of the acid and urine from the high-potassium fed lambs, a foami.ng 

reaction was produced similar to that of a carbonat~d beverage. The 

volwoo of urine was also greater from the high-potassium fe:d lambs. 

Average urine volume, pH and specifi~ gravity for the low- and high...: 

potassium fed lambsrespectively, were: 483.3 and 1680.9; 7~52 and 
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8.63; 1.046 and 1.034. Field (196la) and Suttle and Field (1967) also 

reported increases in urine volume from feeding high levels of 

potassium. 

For the lambs receiving the high-potassium level, urinary pH values 

were slightly above the normal range (Duk.es, 1955). The values, however~ 

are probably not valid as they were taken from a 24-hour accumulation of 

urine and Crookshank et aZ. (1960) reported that urinary pH may change 

significantly within 5 min. after excretion. 

Average urinary specific gravity was not markedly different between 

the lambs fed the two potassium levels. The s~ightly lower values for· 

the lambs fed the high-potassium level probably reflects the dilution 

effect of the high urine volume. 

Experiment 2 

Two of the three wethers fed the high-potassium ration refused feed 

during most of the experiment while the other wether never refuse~ feed. 

The average feed refusals for the high-potassium fed wethers were less 

than 100 gm. per day. 

. f . 28 Excretion o . Magnesium • 
. 28 .. · 

The cumulative percent of the magnesium 

dose recovered in the feces and urine of wethers fed the . low and h.igh-

potassium levels is shown in table VII for various times after·injection. 

All figures represent the aver.age of three wethers ·and are corrected. for 

half-life decay. 

Average fecal recovery was slightly grE!ater for the high-potassium . f 
fed wethers. However, the differences were not s.igni·ficant and did not 
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TABLE VII. CUMULATIVE MG28 EXCRETION, % OF I.V. DOSE 

Hours after Fecal urinary .. · 
t.J injection . aigh i(a Low K High K Low K 

6 0.1 0.1 8.2 4.1 

24 1. 7 2.4 16.3 7.8 

48 6.0 6.2 21.1 9.0 

72 10.l 10.2 26.1 10.l 

96 13.2 15.2 30.0 12.9 

120 15.4 18.l 32.6 16.7 

a Rate of excretion s.ignificantly (P < .OS) lower than low-
potassium. 
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indicate a greatly increased. fecal en~ogenous . loss from the h,igh-

potassium wethers. 

Average urinary recovery of magnesium28 was much less for ~e 

high-potassium fed wethers throughout the experiment. Also, the urinary 

recovery from each of the high-potassium wethers was less than that of 

the other member of the pair fed the low-potassium level. The rate of 

. . 28 . . . . fi tl ( 05) 1 f th urinary magnesium · excretion was s.igni can y. P < • ower or · e 

high-potassium fed wethers. These findings .agree with diminished 

urinary magnesium .excretion observed for the high ... potassium lambs in ·· ··: 

experiment 1. Care et aZ. (1965) reported a slightly, greater fecal and ; ',·; 

smal.ler urinary recovery of intravenous ~agnesium28 in sheep conswid~g · .:. 

lush grass containing a high-potassium level, as conpared to sheep 

. ::··:.· 

... _ :"' .,. 

' ... ·: ;:. 
·.,.,. 

···.'.:::' ·.: ··, 

consumi.ng hay, which had a lower potassium level. 

f . 28 . The ~covery rate o fecal ~gnesium was in the range of that ' '• 

reported• by Field (1959) but the urinary recovery was much. greater. ·The 

urinary recovery was greater and the fecal recovery smaller than reported.' ..... 

by MacDonald and Care (1959). 

I th t tud tot 1 f . . . 28 . t 120 h n e presen s y, a recovery o ~agnesium · up. o. · r. ' . ~' . 
,,,· 

was 34. 8 ·and 48. 0% for the h.~gh and lCM-potassium fed wethers, 

respectively. 

R .. l M . . 28 unu.na . agnesium · • For the first pair of wethers the high-

. 28 potassium fed wether had a larger amount of ~gnesium in the rumen 

fluid (658 versus 392 disint:egrations per min. per ml.). For the other 

two pairs, from which five rumen samples were taken, differences between • 
. . . 

treatxnents were not consistent. The 12 hr• ··sample produced the h.ighest' · 
i 

disint.egraticms per ininute in all wethers. · The aver,ag~ di$inte9rations ,. 

. ~ ·. . : 

.. ',·; .·.;··,,,:-.,·· ... '.·· .•. 1111 '. .. '·· 
1'1 I 

. ·, .. 
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per min. per ml. for all five samples for the high-and low-potassium 

wethers were 567 and 463, respectively. Thus, the trend was in the. same 

direction as for the first trial. 

MaSJllesium Turnover Rate. Central pool ~gnesium turnover rate, 
} .. ~· 

expressed both as mg. per day and as mg. per kg. of bodywe.ight per day 

is shown in table VIII. In each comparison, the turnover rate was lower 

for the lambs fed the h.igh-potassium ration, regardless of the method by: 

wl.lich the results were expressed. The difference was s.ignificant when 
,. ,··. 

expressed as .mg. per kg. of bodyweight per day. These rates were 

calculated by the method of Care et at. (1965) according to a proposed 
. ·~. 

two pool system. These pools are envisioned as a central pool, thr~ugh 

which any magnesium that enters or leaves ,the system must pass, and an ·.1,. 

outer pool which contains· slower components that slowly equilibrate :with · " · .. ;:;: /; 

the central pool. 1 Thus, any differences in the central pool turnover ·· 

rate are interpreted either as differences in excretion or intestinal 

absorption. AssUming that the animal is in a steady state, both 

interpretations amount to the same thing, namely, rate of intestinal 

absorption. 

'l'he average difference in central pool magnesium turnover rate of 

294 mg. per day a9rees closely with the 242 mg. per aay depression in 
~ . . ' 

apparent magnesium absorption observed in the high-potassium fed lambs 

during the same time interval of experiment l. Care et at. (1965) 

reported that the central pool· magnesium turnover rates of sheep fed hay 

was greater than that of sheep fed lush. grass, indicating a failµre 'of 

absorption of ~agnesi um ·from the. ·grass. The VGl.lues reported here for 

sheep fed low and high ... potassium containi.ng rations .agree closely with 
• I , 

. ·"·,,.·· 1··' 11'1'' r 0 1i I ··',."··.;".." 

··"· 

.. ·'·' 
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TABLE VIII. CENTRAL POOL MAGNESIUM TURNOVER RATE 

Pair 1 Pair 2 Pair.3 .. Average 
Treatment 

mg./ mg./ mg./ mg./ mg./' mg./ mg./ mg./ 
day 'kg./ day kg./ day kg./ day kg./ 

day day day .day· 

Low K 1292 40.83 1290 40.33 993 33.43 1192 38.19 

H.igh K . 784 25.33 1002 31.12 908 27.25 898 27.97 

Difference 508 15.50 288 9.21 85 5.90· ·294. a .10.21-. 
a P < .05. 

. ' 
J· I j. 

, I ' 

I , ,i_) : 

i I ,1 I I i , " I I I 

I I , . i ~ J : ' j I ,, I 
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these results when sheep of similat' weight as those used in the present 

eJC,periment were fed hay or lush grass. 

From the data presented, it appears that the high-potassium intake# 

which. generally occurs when ruminants are first allowed . access to .· luah 

pastures, could have a detrimental effect on the absorption and 
· . . ' 

.... -.... ··· 
utilization of ~agnesitiln. ' 

... , ... " .. 
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SUMMARY 

Two experiments were conducted to study the effects of a high · 
'·' .· 

dietary potassium intake on magnesium metabolism. In experiment 1, 

eight 3;..day balance. trials were conducted with 12 crossbred wether lambs1 · · 

Rations containing equal amounts of magnesium, calcium and sodium and 

0.6 or.4.9% potassium were fed. Apparent absorption of magnesium was 

greatly depressed (P < .OS) while apparent absorption of sodium and 
' potassium were generally increased bY the addition of 100. gm. of 

potassium bicarbonate to the ration. There was a trend for h.igher 

apparent absorption of calcium by the high-potassium fed lambs. 

Although blood serum calcium, sodium or potassium showed no distinct 

trends, there was a trend toward lowered serum magnesium levels after 

·14 days of potassium supplementation, which disappeared after 27 days. 

In experiment 2, six paired yearling wethers were fed two rations 

identical in ingredient coll'position to those used in experiment 1. All . 
'28 wethers received an intravenous dose of radioactive magnesium and 

. t d f' f l d . . . 28 ti d t . .d d magni u e o eca ·. an urinary magnesium excre on was e ermine an 

magnesium turnover rates calculated. The high-potassium fed wethe;rs 
28 tended to excrete smaller amounts of magnesium in the urine and 

slightly greater amounts in the feces.. The high-potassium fed wethers 

had lower magnesium tw:'.nover rates indicating that h,igh~potassium levels· 

interfere with ~gnesium absorption rather than drastically increase its 

excretion into the intestine. 
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EFFECTS OF HIGH DIETARY POTASSIUM INTAKE ON THE ABSORPTION 
AliD UTILIZATION OF MAGNESIUM BY SHEEP 

George Larry Newton 

Abstract 

Two experiments were conducted to study the effects of a high 

dietary potassium intake on magnesium metabolism. In experiment 1, 

eight 3-day balance trials were conducted with 12 crossbred wether lambs. 

·Rations containing equal amounts of magnesium, calcium and sodium and 

0.6 or 4.9% potassium weJ;"e fed. AppaX"ent absorption of magnesium was 
' greatly depressed (P < .OS) while apparent absorption of sodium and 

potassium were generally increased by the addition of 100 gm. of 

potassium bicarbonate to the ration. There was a trend for higher 

apparent absorption of calcium by the h.igh-potassium fed i~s. Although 

blood serum calcium, sodium or potassium showed no distinct trends, 

there was a trend toward lowered serum magnesium levels after 14 days 

of potassium supplementation, which disappeared (after 27 days. 

In experiment 2, six paired yearling wethers were fed two rations 

identical in ingredient conposition to those used in experiment 1. All 

wethers received an intravenous dose of radioactive magnesium28 and 

magnitude of fecal and urinary ·magnesium28 excretion was determined and · 

magnesium turnover rates calculated. The high-potassium fed wethers 

d d t 11 f . ' 28 . th . d ten e o excrete sma er amounts o · magnesium in e urine an 

slightly greater amounts in the feces. The high-potassiUln fed wethers 

had lower magnesiUln turnover rates indicating' that high potassium levels ' ' ' i 

interfere with magnesium abserption rather than drastically increase the 

excretion into the intestine. 
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