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Studies on magnesium in ruminant nutrition 
ll.* Effect of lactation on the excretion of calcium and potassium 

by grazing monozygotic twin cows 

BY A. C. FIELD 
Moredun Research Institute, Gilmerton, Edinburgh 9 

(Received 25 March 1969-Accepted I 8 August I 969) 

I. The excretion of calcium and potassium in urine, milk and faeces by grazing monozygotic 
twin cows has been determined at intervals throughout four grazing seasons. 

2. In Expt I three sets of twins were used to study the variation within pairs in the excretion 
of Ca and K. It was found that the variation within pairs was non-significant and small, less 
than 5 yo of the overall mean, for all but one of the factors measured. The variation in urinary 
excretion of Ca within pairs was significant (P  < 0.05) in 1962. 

3. In Expt 2 the effects of lactation on the excretion of Ca and K by three sets of twins were 
studied over two grazing seasons. Only one of each of the twins was in milk at a time, each twin 
being in milk for one season. 
4. Lactation increased (P  < 0001) urinary and faecal Ca in 1964 but not in 1965. The 

concentrations of Cain the faeceswere lower (P  < 0.01) for lactatingthanfornon-lactating cows. 
5. Lactation increased (P < 0.001) the excretion of K in urine and faeces. Differences within 

pairs in faecal concentration were significant in 1964 (P  < 0001) and 1965 (P < O.OI), but the 
effect was not attributable to lactation. 
6. Significant differences between pairs were found for urinary Ca and K in 1964 (P < 0.05) 

and for the concentration of K in faeces in both years ( P  < O O I  or P < 0.001). 
7. In 1964 greatest total excretions of Ca were found in June and July and of K in May, 

whereas in 1965, although the differences between periods for Ca and K were significant (P  < 
O.OOI), there were no obvious seasonal trends. 

8. Mean intakes of Ca and K by the cows have been calculated from the estimated dry- 
matter intake of herbage and the Ca and K content of the cut herbage and compared with total 
excretion in urine, milk and faeces. The differences between intake and excretion differed be- 
tween periods (P  < 0.001); for Ca, negative values were greatest in July and August in 1964 
but not in 1965 and for K the values were small in July and large and positive in May, Sep- 
tember and October in both years. The differences between lactating and non-lactating cows 
were significant for Ca(P < 0.001) and K (P < 0.01) in 1964. Selective grazing was considered 
to be the main factor responsible for these differences. 

There has been little interest in the past in the role of potassium in ruminant nutri- 
tion since the possibility of a dietary deficiency of K, especially in grazing animals, is 
remote. The  effects of high intakes of K on the metabolism of other essential inorganic 
elements were not considered until Kemp & t’Hart (1957) and Butler et al. (1963) 
described an association between the ratio, K content: calcium and magnesium content 
in herbage and the incidence of grass tetany. Attempts to define the relationship 
between K intake and serum Mg were generally unsuccessful although it became well 
established that high K intakes reduced the availability of dietary Mg (Meyer & 
Steinbeck, 1960; Kemp, Deijs, Hemkes & van Es, 1961). In  more recent studies a 
marked effect of high intakes of K on serum Mg and the onset of tetany in sheep at 
low dietary intakes of Mg has been found (Suttle & Field, 1969). 

Information on the relative intakes of K, Ca and Mg by grazing ruminants at 
* Paper no. 10: Br. J. Nutr. (1970), 24, 71. 
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different times of the year would be of importance in a study of the aetiology of hypo- 
magnesaemic tetany. Balance trials cannot be carried out at pasture, but much indirect 
information on the intake of these elements may be obtained by recording the excre- 
tion of these elements in urine and faeces (see Field, 1967). The preceding paper (Field, 
1970) describes the excretion of Mg and faecal dry matter (DM) by grazing lactating 
and non-lactating monozygotic cattle twins. Corresponding values for excretion of Ca 
and K are presented here. 

EXPERIMENTAL 

The design of the two experiments, the animals, diets and methods for the collec- 
tion of excreta and for the preparation of samples for chemical analysis were the same 
as those given in the preceding paper (Field, 1970). The methods of analysis for Ca 
and K in the samples of urine and faeces were those used previously (Field, 1964) 
Samples of herbage were treated in the same manner as faeces. The concentration of 
Ca in milk was determined in a trichloroacetic acid filtrate (White & Davies, 1958) 
and that of K with a flame photometer by the method of Have & Mulder (1957). The 
statistical methods were the same as those given in the preceding paper (Field, 1970). 

RESULTS 

Expt I 

The mean excretion (g/day) of Ca and K in urine (UCa, UK), milk (MCa, MK) and 
faeces (FCa, FK) by the individual cows is given in Table I .  The differences within 
twins were small, less than 5 yo of the overall mean, and non-significant for all factors 
measured except UCa. For the latter, the differences were significant (P < 0.05) in 

Table I .  Mean output of calcium and potassium in urine (U) ,  in milk ( M )  and 
faeces ( F )  (glday) by the individual cows in 1962 and 1963 

(Values for twin pairs AB, CD, EF and GH) 

1962 Ca U 
M 
F 
T* 

K U  
M 
F 
T* 

1963 Ca U 
M 
F 
T* 

K U  
M 
F 
T* 

7 

A 

5-21 
11.8 

59'3 
76.3 

202 
I 4 2  
45 '4 

262 

3-27 
1 4 6  
43'5 
61.4 

18.4 
55'3 

304 

378 

-h-7 
B 

6.13 
11.4 
61.0 
78.5 

213 
14'2 

49'4 
277 

1-57 
I 4 5  
42'2 

58.3 
335 

18.9 
49'0 

403 

- -\ 

C D E F 
6.61 5.88 9.27 8.39 

21.5 21.8 22.7 19% 
1 0 0 7  97-5 85.0 87.4 
129 125 117 116 
203 200 198 190 

32.2 32.2 27.2 23.2 
39.4 37.8 3 0 0  27.6 

428 5'96 - - 

71.8 67.1 - - 
99'4 96.3 - 

284 282 - - 
36.0 33-2 
45'0 4 0 3  

365 355 

* Total = (U+M+F). 

275 270 255 241 

- - 23.3 2 3 2  

- 

- - 

- - 
- - 

SE 

0.5 I 

041 
2.88 
2.95 
8.87 
0.53 
I '47 
9'50 

0.59 
0.85 
2-84 
3'99 
9.12 
1.50 
2'42 

1 0 1 0  
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1962 but not in 1963, the coefficients of variation being 15.6 and 23-0 in 1962 and 
1963 respectively. 

The differences between twins were significant for each of the factors measured in 
both years with the single exception of U K  in 1962. These findings reflect the large 
differences in milk yield and live weight between twins and the feeding of concen- 
trates to only two of the pairs. The content of Ca in the concentrates (0-93-1'45 g/ 
I O O ~ D M )  was always much higher than that of the samples of cut herbage. The 
differences in UCa between twins appeared not to be related to milk yield or TCa and 
may be genetically determined. 

The values for the mean concentration of Ca and K in milk and in faeces excreted 
by the individual cows in 1962 and 1963 are given in Table 2. Of the differences in 
concentration of Ca and K in milk within twins, only those for pair AB in 1962 were 
significant (P  < 0.05). On the other hand, differences between twins were significant 
(P  < 0.01) in both 1962 and 1963. Differences between periods were significant 
(P  < 0.01) for Ca in both 1962 and 1963, whereas those for K were significant 
(P  < 0.001) only in 1962. There were, however, no well-defined seasonal trends. The 
concentration of Ca and K in faeces was not significantly different within twins in 
1962 and 1963. 

Expt 2 

Herbage. The values for the concentration of Ca, Mg and K in the samples of 
herbage are given in Table 3. From July onwards there was a significant correlation 
(P  < 0.01) between the values of Ca and Mg in each sample taken in 1964 and in 1965, 
I n  1964 high values were found in June for Ca and in May for Mg. Values for the 
concentration of K were low in June and July and high in May and October. 

Excretion of Cu. The mean excretion (g/day) of UCa and FCa in 1964 and 1965 is 
given in Table 4 for the individual cows and in Table 5 for the lactating and non- 
lactating cows in each collection period. 

The differences within and between sets of twins in UCa were highly significant 
(P < 0.001) in 1964. The lactating twin excreted more Ca than its non-lactating twin, 
the mean values were 2.34 and 1.46 g/day respectively. The differences between 
periods were significant (P  < 0.05) in 1964 but not in 1965, but there were no 
seasonal trends. 

The differences within twins in FCa were significant (P  < 0.001) in 1964. The values 
were higher for the lactating than for the non-lactating twin, the mean values being 
72.7 and 63.5 g/day respectively. In 1965 a similar difference was found for pair AB 
(P  < 0.025) but not for pair CD. There were no significant differences between sets 
of twins in either 1964 or 1965. Differences between periods in FCa were significant 
in 1964 (P < 0.001) and in 1965 ( P  < 0.05). There was no marked seasonal trend in 
FCa except that the values tended to be low in May 1964. 

The differences within pairs in the concentration of Ca in faeces were significant in 
1964 (P  < 0.001) and in 1965 (P < 0.01); the values for the lactating cows were lower 
than those for their non-lactating twins (Table 2). The mean values for the lactating 
and non-lactating cows were, respectively, 1.69 and 1.91 in 1964 and 1.22 and 1.41 g/ 
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Vol. 24 Excretion of Ca and K by grazing cows 89 
100 g DM in 1965. The difference between periods was highly significant (P  < 0.001) 
in both years; the values ranged from 1-49 to 2-39 in 1964 and from 1.01 to 1.54 in 

The differences within pairs in the total excretion of Ca in urine, milk and faeces 
(TCa) were significant in 1964 (P < 0.001) and in 1965 (P 4 0.01). The values for 

Table 3. Concentration (g/Ioo g dry matter) of calcium, magnesium and potassium 
in the samples of herbage cut from the sward, periods 1-12 

7965 

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2  

I964 
May May June June July July Aug. Aug. Sept. Sept. Oct. Oct. 

Ca 0.39 0.48 073  0.60 0 3 9  0.36 0.35 0.27 0.50 0.40 0.51 0 4 8  
Mg 0.20 0.21 0.18 0.12 0.11 0.13 0.12 0.09 0.14 0.14 0.19 0.17 
K 3.78 4.30 2.16 1.78 1.72 2.13 2.16 1.81 3.27 3.61 4.15 2.99 

1965 
June July July Aug. Aug. Aug. Sept. Sept. 

Ca _ - -  0'34 0'33 0'43 0.46 0.53 045  0 4 9  0.48 
_ - -  0.09 0.07 0.12 0.13 0.16 0.16 0.16 0.15 
_ - -  2.03 2.24 2.31 2.55 2.61 3.00 3.37 3'49 

Mg 
K 

Table 4. Mean excretion (glday) of calcium and potassium in urine (U) ,  milk ( M ) ,  
faeces ( F )  by the individual cows in 1964 and 1965 

(Values for twin pairs AB, CD and GH) 

1964 Ca U 
M 
F 
T" 

K U  
M 
F 
T" 

1965 Ca U 
M 
F 
T" 

K U  
M 
F 
T" 

A 

I .08 
- 

66.8 
67.9 
189 
- 

33'2 
222 

1.61 
10.4 
55.8 
67.8 

I 8.4 
52.1 

245 

316 

B C 

1.90 2.64 
11.0 15'0 

75'0 70'5 
87.9 88.1 

16.8 26.8 
40'4 35'2 

263 247 

320 309 

1'54 2.58 
- - 

48.3 52'5 
49'8 55'1 
201 192 
- - 

31'9 29.2 
233 22 I 

D G 

2.07 1.23 
- - 

65.0 58.8 
67.1 60.0 

I 80 I57 

206 184 

- - 

26.0 26.7 

1.80 - 
- 12.7 

52'2 - 

66.7 __ 
- 

- 
246 
23'7 
31.9 - 

- 302 

H SE 

2'47 0.23 
16.0 0.37 
72'7 2.41 
91.2 2.41 

245 7.20 
25'9 0 5 9  
47.1 1'97 

318 7.60 

0.26 
- 046 

2.09 
- 1.98 
- 6.64 
- 083 

1'45 
6.34 

- 

- 

- 

- 

* Total = (U+M+F) .  

the lactating cows were greater than those for the non-lactating cows, the mean values 
were, respectively, 89.1 and 65.0 g/day in 1964 and 67.2 and 52.4 g/day in 1965. The  
differences between sets of twins in TCa were not significant in either year. Highest 
values in 1964 were found in June and July, but in 1965 there was no seasonal pattern. 

Excretion of K. The mean excretion (g/day) of UK, MK and FK in 1964 and 1965 
is given in Table 4 for the individual cows and in Table 6 for the lactating and non- 
lactating cows in each collection period, The differences within twins in UK were 
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significant (P  < 0.001) in both years, the lactating ones excreting more K than the 
non-lactating. The mean values (g/day) for the lactating and non-lactating cows were, 
respectively, 252 and 175 in 1964 and 245 and 196 in 1965. In  1964 the differences 
between twins in U K  were significant ( P  < 0.01) and the values increased with in- 
creasing weight of the cows. The  differences between periods were highly significant 
(P  < 0.001) in both years. In  1964 values were highest in May (382 g/day), fell 
rapidly in June (198 g/day) and then remained relatively constant (135-186 g/day). 
There was no similar seasonal trend in 1965 when the collection periods started only 
at the end of June. 

The differences within pairs in F K  were highly significant ( P  < 0.001) in 1964 and 
1965, the lactating twin excreting more K than its non-lactating twin. The  mean values 
(g/day) for the lactating and non-lactating twins were respectively 40.9 and 28.6 in 
1964 and 42.0 and 30.5 in 1965. The  differences between sets of twins were significant 
in 1964 ( P  < 0.01) and in 1965 (P < 0.001). The differences between periods in FK 
were highly significant (P  < 0.001) in both years. In  1964 values were high in May 
and September and there was a significant correlation (r  = 0.796, P < 0.01) between 
the mean values for F K  and U K  in each collection period. I n  1965 high values were 
again observed in September. Differences within and between pairs in concentration 
of K in faeces were significant in 1964 (P  < 0.001) and 1965 (P  < 0.01) but the 
differences within pairs were not attributable to lactation (Table 2). 

The  differences within pairs in total excretion of K (TK) were highly significant 
(P < 0.001) in 1964 and in 1965, the lactating twin excreting more K than its non- 
lactating twin. The  mean values (g/day) for the lactating and non-lactating cows were 
respectively 316 and 203 in 1964 and 309 and 227 in 1965. The  differences between 
sets of twins were significant (P < 0.05) in 1964 but not in 1965. The  differences 
between periods were highly significant (P  < 0.001) in both years. 

Estimated intake of Cu and K. The mean value for the estimated intake (I) of an 
element by a group of cows in a collection period was obtained by using the method 
and results for DM intake of the cows given in the preceding paper (Field, 1970). The  
values obtained for ICa and I K  for the lactating and non-lactating cows in 1964 and 
1965 are given in Table 7. For comparison, the values for the total excretion of Ca and 
K are given in the same table. Statistical analysis of the values for ICa-TCa and 
IK-TK for each cow in each period showed that the differences within twins were 
significant for Ca (P < 0.001) and for K (P  < 0.01) in 1964. The overall mean values 
for ICa - TCa were negative and greater for the lactating than for the non-lactating 
cows. For K the corresponding differences were reversed. The  mean values (g/day) 
for the lactating and non-lactating cows were, respectively, - 27.6 and - 17-2 for Ca 
and 59-4 and 93-6 for K. The  differences between periods in ICa - TCa and IK - TK 
were significant in 1964 ( P  < 0.001) and 1965 (P  < 0.01). For Ca, negative values 
were greatest in July and August in 1964 but not in 1965. For K the values were 
small, either negative or positive, in July and large and positive in May, September 
and October in both years. The  differences between sets of twins were not significant 
for either element in either year. 
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D I S C U S S I O N  

The effect of lactation in increasing the total excretion of Ca and K may be due 
simply to the lactating twin eating more herbage than its non-lactating twin (Field, 
1970). However, the lactating twin may have lost more Ca or K from its body (Forbes, 
Black, Braman, Frear, Kalenburg, McClure, Swift & Voris, 1935) or selected herbage 
of a different chemical composition (Elliott, Fokkema & French, 1961). The effects 
of factors other than DM intake can be seen from the comparison given in Table 8 of 
the mean ratios of the total excretion of each element by the lactating and non- 
lactating twin in each set with the corresponding ratio for DM intake (Field, 1970). 
The differences between the ratio for total intake and for DM intake were significant 
for Ca in 1964 (I' < 0.01) and for K in 1964 ( P  < 0.001) and 1965 (P  < 0.001) and 
represent an additional excretion of 5 and 2.7 Ca g/day and of 52 and 28 K g/day in 
1964 and 1965 respectively. Forbes et al. (1935) found that cows on average lost 

Table 8 .  Mean values for the ratio of the excretion of calcium, and potassium, and of 
dry-matter intake (IDM) by each lactating cow in relation to its non-lactating twin in 
1964 and 1965 

I964 1965 
c n ,4 7 7 

Pair Ca K IDM Ca K Ivm 
AB I '29 1'45 1'23 1.36 1.36 1.31 
C D  1'32 1.50 1.30 1.21 1'37 1.16 

GH 1'52 1'73 1'37 

6.5 g Ca/day during the first 3 months of lactation, were in balance during the next 
3 months and gained 3-4 glday during the next 3 months and when dry. Thus changes 
in body content between lactating and dry cows could account for the additional Ca 
excreted by the lactating cows and possible effects of lactation on Ca concentration in 
the diet selected were probably unimportant. On the other hand, the additional excre- 
tion of K by the lactating twin is too great to be accounted for in this way and is 
probably due to the lactating twin selecting herbage higher in K than its non-lactating 
twin. Since K is confined more to the leaf than the stem, this finding suggests that 
more leaf than stem is selected by a lactating than by a dry cow. Elliott et al. (1961) have 
shown that herbage selected by lactating cows had 13 and 32% more digestible 
organic matter and digestible crude protein respectively than that selected by dry 

The effect of lactation was to reduce the faecal concentration of Ca in both 1964 and 
1965. Since there was no evidence for lactating cows selecting herbage of a lower 
concentration of Ca or of lower digestibility (Field, 1970), the above effect was prob- 
ably due to a higher apparent absorption of dietary Ca. Whether this greater apparent 
absorption reflects true absorption or a reduced excretion of Ca into the gastro- 
intestinal tract from the body remains to be seen. However, the finding that endo- 
genous Ca excretion is independent of Ca intake (Visek, Monroe, Swanson & Comar, 
1953; Lueker & Lofgreen, 1961) suggests that the former may be more probable. 

cows. 
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The effect of lactation was to increase UCa in the lactating cows. This increase may 

be due in part to the increased intake of Ca, but little is known regarding the factors 
which control UCa in ruminants. That intake is not the sole factor is shown by the 
significant differences between sets of twins in UCa in 1964 and in 1965 without 
corresponding differences in total excretion of Ca. I t  seems surprising that lactating 
cows which may have to mobilize Ca from the skeleton for milk production should not 
have a more efficient mechanism than dry cows for reducing UCa. 

The marked disparity between the values for the estimated intake and total excretion 
of Ca and K for the cows is similar to that doscribed for sheep (Field, 1967). The 
overall estimated intakes of the cows, expressed as a percentage of excretion, were 
76.2 for Ca and 121 for K, whereas the corresponding values for sheep were 59 and 
142. Furthermore, the seasonal variations in the differences between intake and excre- 
tion were also similar for sheep and cows. The differences were large and negative 
from June to October for Ca and large and positive in May and October for K for 
both sheep and cattle. Field (1967) has argued that the most probable explanation for 
these findings for sheep is selective grazing and that the values for total excretion are 
the best estimates available for the daily intake of these elements by the grazing sheep. 
The same arguments appear to apply in the present study and confirmation of this 
viewpoint comes from a comparison of the values for the estimated intake and total 
excretion of Ca by the lactating cows with the calculated Ca requirements of milking 
cows giving similar milk yields (Agricultural Research Council, I 965). Good agree- 
ment was found between requirements (74-100 g/day) and total excretion (71-100 g/ 
day) but not for intakes (30-109 g/day). Both estimated intake and excretion of Ca 
of the dry cows were greater than their Ca requirements (18.4 g/day) (Agricultural 
Research Council, 1965). Owing largely, it seems, to the effects of selective grazing, 
the values for the ratio of K:(Ca+Mg) in total excretion, expressed in equivalents, 
were in general lower than those in cut herbage, especially in September and October, 
and lower for dry than for lactating cows. 

The results from these experiments show clearly the great advantage of using mono- 
zygotic twins to study changes in the metabolism by dairy cows of the more important 
major minerals, especially in situations where there is little experimental control over 
dietary intake. They also help to increase the body of information which suggests that 
much of the large individual variation in the mineral metabolism of ruminants is under 
genetic control (Weiner, Field & Wood, 1969; Field, Weiner & Wood, 1969). 

I wish to thank Mr D. Pollock for care of the cows and Mrs N. Fisher for technical 
assistance. 
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