
Sodium requirement of milking cows: balance 
trials with cows on rations of freshly mown 
herbage and on winter rations 
A. KEMP 

Institute for Biological and Chemical Research on Field Crops and Herbage, 
Wageningen, Netherlands 

Summary 

Balance trials have been carried out with milking cows fed on freshly mown herbage or winter 
rations. Data are available on the sodium intake, sodium excretion in faeces and urine, and secre
tion in the milk of cows in 12 experiments (Table 1 and 2). Moreover, data have been collected and 
discussed on the influence of supplementary KCl on the excretion of sodium in urine and faeces. 
The sodium intake with freshly mown herbage and drinking water varied from 5,8 to 91,0 g a 
day, 14,5 % of which was excreted in the faeces. The "availability" of the sodium ingested, ac
cordingly, averaged 85,5 % varying from 77 to 95 %. 
Supplementary KCl increased sodium excretion in the urine, while that in the faeces decreased. 
Accordingly, total-sodium excretion did not change. Increased sodium excretion in the urine mainly 
took place during the first few days after KCl-application (Table 3 and Fig. 2). The data suggest 
that due care should be taken in accepting the common view that increased potassium intake by 
the animal should lead to sodium impoverishment of the body. 
There is a close correlation between the sodium ingested and the excretion of urinary sodium 
(Fig. 3). The sodium secretion in the milk averaged 0,38 g per 1, varying from 0,31 to 0,49 per 1. 
With sufficient and high sodium intakes, retentions were rather highly positive (Fig. 4 and 5). 
Probably this was due to other sodium excretions than those normally determined in balance 
trials, possibly by transpiration through the skin and loss of saliva. With normal sodium intakes 
this additional sodium excretion appeared to average 2,5 g a day (Fig. 6). When sodium excretion 
in the urine was below 3 g a day retentions were negative. 
The "maintenance requirement" was approximately 5,5 g of "available sodium" per day (Fig. 6). 
The daily requirement of herbage sodium for milk yields of 25 kg per day and for an "availability" 
of herbage sodium of 85 % was approximately 18,2 g (Table 4). 

1. Introduction 
In the middle of the last century the importance of a sufficient sodium supply to 
man and animal was investigated. BUNGE'S work (1873) is particularly well-known; 
he payed special attention to the great salt requirement of herbivores and to the salt 
impoverishment of the body possibly due to the relatively high contents of potassium 
in the herbage rations. Modern literature still shows the effects of BUNGE'S ideas, which 
are expressed in the generally accepted view that the sodium requirement of animals 
increases as potassium intake with the rations increases. 
So far, few data are known about the sodium requirement of lactating cows. A small 
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number of experimental animals was generally used in investigations and these were 
generally fed on winter rations. During the last few years a great many trials have 
been carried out in behalf of our investigations on hypomagnesaemia in dairy cows, 
grazing experiments as well as balance trials (KEMP, 1958, 1960; KEMP et al., 1961). 
Magnesium was the most important element in these experiments, so that it proved 
possible to obtain clear views on the magnesium requirement of milking cows in 
relation to the incidence of hypomagnesaemia. During these investigations also data 
were collected on other mineral elements amongst which sodium. This publication 
deals with the data of 12 balance trials. 

2. Experiments 

In 10 experiments the animals were barn-fed on rations solely consisting of freshly 
mown herbage and in two experiments on winter rations. The rations were composed 
according to the feeding standards used in the Netherlands (C.V.B., 1956). The most 
important data on the plan of these experiments are mentioned in TABLE 1. Lactating 
Friesian cows were used with a milk yield varying from 6 to 22 kg per cow per day. 
One experiment, exp. 12, was carried out with dry cows not in calf. The experi
mental animals varying in age from 5 to 9 years were in good condition and had 
not suffered from any metabolic disorders in the months preceding the experiments. 
The separate collection of faeces and urine was carried out according to the method 
of VAN Es and VOGT (1959). Urine losses in the faeces did not average more than 
1 to 2 % of the total urine production ; contamination of the urine with faeces sel
dom occurred. In a few experiments faeces and urine were separately collected b> 
means of a balloon catheter, similar to the one used by CUNNINGHAM et al. (1955). 
This method, however, gave difficulties because the bladder was readily damaged. 
More elaborate data concerning the experimental routine and sampling are to be found 
in an earlier publication (KEMP et al, 1961). 

2.1. Details of the rations fed 
Data on the milk yield of the experimental animals, the dry-matter intake and the 
contents of potassium, sodium and crude protein in the dry matter are mentioned 
in TABLE 1. The sodium contents in the herbage varied from 0,05 to 0,91 % of dry 
matter, the potassium contents from 1,57 to 4,08%. These wide variations were 
obtained by fertilizing the fields with varying amounts of muriate of potash and 
nitrogen, the latter in the form of nitro-chalk or Chilean nitrate. The differences in 
the crude-protein content are due to the application of diverging amounts of nitrogen
ous fertilizer as well to mowing at different stages of growth. In most of the experi
ments the herbage was cut at the same early stage as when cattle are usually put 
to pasture. 
Exp. 2 and 3 : The same cows were used in both experiments. Cows 1 and 4 in 
exp. 2 received herbage with a lower sodium content than cows 2 and 3. This was 
the reverse in exp. 3. In both experiments the interval between collections was only 
2 days. This was done to check any changes in the composition of the urine during 
rapid changes from one ration to another. 
Exp. 4, 5 and 6 : The same cows were used in these three experiments. The sodium 
contents in the herbage of exp. 4 and 6 were considerably higher than those in the 
herbage of exp. 5. This was due to fertilisation of the experimental fields with 
Chilean nitrate. 
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Exp. 7 : During this experiment cows 1 and 4 were fed on herbage with a higher 
crude-protein content (18 %) than cows 2 and 3 (12 %). The herbage came from 
the same field which had been divided into two plots fertilized with different amounts 
of nitrogen. The sodium contents of the herbage were high and highest on the plots 
most heavily fertilized with nitrogen. 
Exp. 9, 10 and 11 : Cows 3 and 4 in exp. 9 were the same animals as in exp. 10 
and 11. During the three subsequent experiments these animals consumed grass of 
the same pastures, but each time in an older growth stage. As the herbage matured 
the content of crude protein decreased considerably, and was 26, 18 and 14 % re
spectively in the herbage of the three subsequent experiments (TABLE 1). 
Exp. 12 : This experiment was carried out with dry, winter-fed cows not in calf. 
In all three periods A, B and C the same rations consisting of 5 kg hay and 2,5 kg 
oat meal per cow per day were supplied. However, during the preliminary period 
and the collection period of exp. 12 B both cows received 400 g of KCl per cow 
per day in pellets. These pellets of 25 g were supplied three times a day, i.e. at 8.00, 
14.00 and 22.00 hours by means of a "dosing gun". 
Exp. 13 : The six cows in exp. 13 A all recieved the same herbage. The experiment 
was continued with 2 cows, viz. cows 5 and 6, in exp. 13 B and 13 C. In all three 
periods grass of the same pasture was fed, although in various growth stages similar 
to exp. 9, 10 and 11. The crude-protein contents in the herbage during the three 
periods were 17, 13 and 11 % respectively. The sodium contents in the herbage were 
very low and decreased as the herbage matured. 
Exp. 14 : In the three periods A, B and C of this experiment the cows received 
the same winter rations consisting of : 10 kg hay for cows 1, 3 and 4, while cow 2 
received 8 kg hay. All animals received 2 kg of beet pulp and 1,5 kg of maize meal. 
Cows 1, 2, 3 and cow 4 received 3 kg and 3,5 kg of concentrates respectively. During 
the preliminary and the collection period in exp. 14 B all cows received 420 g of 
KCl per cow per day. The KCl was supplied 5 times a day in the same way as in 
exp. 12 at 6.00, 10.00, 14.00, 18.00 and 22.00 hours. 

3. Results 

3.1. Sodium intake, excretion in the faeces and urine and 
s e c r e t i o n  i n  t h e  m i l k  

Data on the daily intake of sodium, the excretion of sodium in the faeces and urine 
and secretion in the milk are mentioned in TABLE 2. The intake of sodium includes 
the sodium in the drinking water. 
In the experiments with freshly mown herbage the daily sodium intake varied from 
5,8 to 91,0 g. This wide variation is due to the large differences in the sodium con
tent of the herhage and to differences in the dry-matter intake of the animals. The 
sodium excretion in the faeces averaged about 14,5 % of the intake ; the average 
"availability" consequently is 85,5 % ("Availability" is the percentage of sodium in
gested which is not excreted in the faeces). The percentage varied from 77 to 95 %. 
There was less "availability" of sodium in winter rations, this varying from 46 to 
86 % and averaging 68 %. ROOK and BALCH (1962) found an "availability" of 78 % 
in milking cows on herbage rations varying from 66 to 94 %. On winter rations 
they found an averaged of 73 % within a range of 36 to 85 %. The variation in the 
"availability" of herbage sodium may be due to many factors. It is stated that cows 
with scour are supposed to excrete relatively more sodium in the faeces. Although 
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~ " •*fpr^so^rrf Tt oC cs *••* <S i-H i-^ <S *-H »-H 1-H 1—1 •I (S H Tf i-t *-» © co 009\0 W rH ^ T-H W W 

O O^ 
•*t "«f 

O O *-•_ ^ 
(C r^ t-T r-T p«T r-T 

en co 
co" co" 

r- r» 
o" ö" 

oo oo ©, O co ro" es es es es es es 
c- r-r- r-
CS CS~ 

r» r-r^r-^ 
cs es 

oo oo oo oo oo oo in m in vn OOOOOO OO C^CJ, 
o o o o o o  o o  o o  

oo co vi in 
oo co co rn 
i" cn Ci M I CO o w 

w-j m co co <S CS 
m «n m ro CS <N 

VC \c vcT N£T ncT so" 

ON SO T"* 00 ^ o ON oo. (N o, © co. co 
-h" CO" CS ci es" en «S 

00 Os 
**1 *"1 es co~ 

ON »-H O CO 00 CO^CS 
rt'rf co «** 

co 00 ON V© oo es f^es 
c*T cT co ^ 

»-• m oo r-^ so o 
co es co ^ 

1 es 
l> d X 3-> V fi C3 
1 #c CL O> 

a i b -} 09 A CE 1 tf fi o 

(A 
J2 O. 
< S* 
es •o 
\ 

& *1 
60 .0 60 

M O 

y* es CS es 
à à d à X X x X o V 4> V 
G a •S g 

•"* 
(A ce U3 (A es cd Cj C9 

•äÄS 
8 & §  
• " w O >i v C rt ft> o fi £ u 

CÜ 
2* ä? . 60^ 

m  
• a § "  
a - a &  

< 
T}-

>» 
42 o 

5s" 
S O > a T3 -m "O -M 

> > a C > 
•o 2 
°°X 

X 
OO *-H 

00 •—I 
X 

•a ° *o •»-> 
<* > H* « 

> > X 
NN 
X 

M 
X 

R- «3 oô 
V )  

es ^<N 
•a 2 •8 2 1 2 •t 2 « O *o ** 
" >  

° ° >  OO 
X 

°°X 
00 oC NO *-H Ö CO 

•o S -§2 Is 
2 VI M 
"X X B «- > X 

> 
00 

> 
. ON 

5? 2? •S 3 -S 2 
> 

»n 
> 

NC 

M )0 
& o T3 O 

<x 
ri 

>< 

W 
S e 

x 
I2 
•3 2 
VO HH 

X 

S s S s - S  
is-tii: 
I1 -s 1 % § 
fiBO^Oh 
h (S ro ^ m \o vi vc m vo *(Sco^t 

< < 
•*fr <-H tH 

ri. ri. X X u « 
.0 .S 

M (A A CQ 
•• ^*0*-

CS CO Tf t-l CS ^ CO 

1 ON f ON 
§ 
ON 

/—S 
i 

/*S 
NC ON VC ON 

/~S 
NC ON 

W W W W W W W 
< 
CS »-H 

A es U (S < 
CO 

N co «•H 
Ü CO 

< 
•«T Ü « 



A. KEMP 

O O 
"O G 
*o <1> 

£ O O 
Oû 
G 

T3 
O 

O 
c 4> 

73 
C cd 
M rra 

G 
O 

C co 
'G g 
s .2 

cd 

u c § >  
<4-1 M 
a 0 

4> 
g S? •3-e « o VH ja 
y PS H—* O S ^ O 

1-9 Q y 

ß  § 

UJ -J PQ < 
H 

g c 
! .2 

*•3 «j 
O ü 
? c u v 
•g s 
D 8 

« 1 ••=; «> 

- $ 
S 8 

a) 4> 
g» a 
5 « 

« 

3.2 

0 0 0 0  0 0 0 0  r*> <S 
oe w m c> o O ^ «-h r- »-< ro fo «o 00^r^t-^0*^0 
©" o" (N rl en en ri en © ©* © 

X  
t-^ © 
©" ri os" -h 

os^ r«% Tt ^o se 
rt H H N t-«~ 1-4 ++ 1-1 «-I «Ti NO r~l 

os os © n 00 « co ro Os 
«n rn (N 

S. 

>> cä •O 

^ O ci 
© Tt —T ©" 

00 «S 00 m 

r- «n ^o 00 
NO" ©" o" -*t 

H CO 
SO 00 © 

os Os 
ri 

Os CS 
rf 1-T 

©, 
w-T cT 

m Tf os^ 
u-T © i-T ^ 

r- 1—v\ 
ri *-î ci «-T 

if«% 00 <s 00© es n so m © os m 

^ Q -o 
& ^ 

fl> >1 a « •§ -o 

7\ w 
S « ^ 

v© m en fsJ 
•n *0 00" NO t^.06.©. ^ **l so" vf t->~ vo so" r-" 

r-^ ^ 
v-T r-" 

I5f os 
vT r-" 

so vo ^t- m 
ro Tt ri ri 

r-^NO © 
tT ,<t" r-" 

t-^ '«t so <s 00 <» <* t-^ fs^ r^ o^ 00 «n ^ rs vo^ © 00^ © 
© 00" «n © © r-» tj-" os" 00 ©* ^ rf © os" o" ri ci ri © ri 10 <0 1-N no f- r- m <*1 r-

in in oc ir h m in 0\ t"^.frl 
»-H m r*"i I-N 10 CS ^ m H ON 

Tf so 
ri ri 

«s CN 
00 r-* 

00 1-H « 00 
00" tJ-"" en rn 

Cï -H 
1-T i-T ,-T ri 

S " 
2 jfc .*« .S r*" fifT •O ^ fS C4 ^ 

>. cooooo^ »-H co r-^ so^ ©„r^ Tf w*>,© os^ ©^ <s r^<s*o 
_ r-, —. — crf gC ©" ri vf 1-T os" c*T ~ oc r-" 00" m" ri oC i-i © CS »-<CN f-00 H (N OOOS oo^moo »-H 1-H —« 

I (S m it H CS m Tt <N ro CN m <S m i-ics^"^ H n TÎ r<> 

«O NO t-

268 Neth. J. agric. Sei., Vol. 12 (1964) No. 4 (November) 



SODIUM REQUIREMENT OF MILKING COWS: BALANCE TRIALS WITH COWS. 

S 4 . 
o rî rî 

rJ yo O oo n w w m <M ro © m M ^ © *n ^ r- ^ so vo ooo in <M © © C>. © © OO OO « N sekO f) ?S -- in 
o ci <N ©" © o" O cT O" O O" ©" O" O" ©" O O" ©* ©* O ©* O" © O" © 

f*> © 
m m 

in ©\_ 
in in 

ft v© 
ci m 

•n O 
N -H rf N W 

ft © *-h^ m 
©" -N ©* ©~ 

I I I I 

0\ h tn oc Tt^ vo oo^ r*\ 
t"^ CO V© ci H 00* '-h" 00* 

os_ rs i-H r-^ 
r->~ m* oC in* 

m f) 
ci ©" 

O^ cs oo so in t-^ os_ ^ ft oo so t-^ so r-^ 
© © © ci T-i '-T ©* o" © ©* ci -H 

00 SO ^ 
co ci ci •<* 

rO t-^ ^ 
© fT ci ci 

v© fo ^ »n n T}- Tfr fi oo ©_ >n ON 
«n rn <n r-T \c so* oC © oo oo oo" oC r*» oC v© so 

t> c| oo so in 0\ o\ ft 
in oo vT *n in r-^ wi \o ft >n 

in m «n Q\ 

r4_ so in ft t»-_ o^ On_ ft_ ro in Tt vo in 
rT in «-<* ci © —<* i-T © © © © © 

w oo oo^ 
m in ft m" 

in O ' 
On f> 0\ ' 

© ro » ft 
in ft in" <n 

oo ©^ © ©^ 
ft ft" T}-* in 

vo ©^ ON O\ 
t*» so oo" cT 

©. cs ft 
h- H Tt in 

w h in t*> 
ft ro ro "tf-* 

On ON m 
oo" —T vo" en 

oo c* in ^,00 O. ON_ OV. ^ ̂  ̂  *1 r^T^v,©o vc ri ov m oo -H r> ^ 
*H ft* ci r-f in w 1-ï" w *4" *-T I-H »-T Tt* r- so* ©" cî cT vo m" \o* -rt r-" •o 

3 

©^ in in VC FT TM O «n O^ © T-^ SO *o MH R| so °O O^ oo © 0\ oo 
in r-* r-* r—* r-" r- r-* © © oC © © so in so r~* so" r-* oo* oo* vo oo* ON* h in v© K to a 

a 
•G "O 

ft H N 1-1 CS CS h m m ^ m vo m so m vo H N M -H M ri TJ-

< CO Ü < CÛ O < CO o «S <N (S CO ro r*> ft ft '-H 

•o 
5 

Neth. J. agric. Sei., Vol. 12 (1964) No. 4 (November) 269 



A. KEMP 

in our experiments the dry-matter percentages in the faeces of the cows on herbage 
rations sometimes were very low and varied from 8 to 14 % and on winter rations 
from 14 to 19 %, no influence could be shown on the sodium excretion in the faeces. 
This suggests that scour is not necessarily related to increased sodium excretion in 
the faeces. 
Probably, "availability" is related to the amount of sodium ingested. The data in 
FIG. 1 suggest that the lowest "availability" is found at the lowest sodium intake and 
in any case not at the highest. 

FIG. 1. Relation between sodium ingested and "availability" of sodium in milking cows 
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The data represented in FIG. 1 only relate to experiments with freshly mown herb
age. The fact that the lowest "availability" was found at the lowest sodium intake, 
and vice versa, might be explained by the amount of endogenous faecal sodium in 
relation to the total amount of faecal sodium. This ratio may be related to the amount 
of sodium ingested by the animal. Probably the amount of endogenous faecal sodium 
is relatively larger at very low sodium intakes compared to high sodium intakes. 
A certain quantity of endogenous sodium will always be excreted in the faeces. At 
very low sodium intakes this quantity could relatively be so large that the pgrcentage 
of sodium ingested, not excreted in the faeces ("availability") decreases. However, this 
does not imply that true availability will also decrease at low sodium intakes. 
Another factor that seems to influence the sodium excretion in the faeces and urine 
is to give the animals supplementary KCl. Exp. 12 and 14, which in contrast to 
all other experiments were carried out on winter rations, proved that application of 
400 g of supplementary KCl per cow per day in exp. 12 and of 420 g in exp. 14 
considerably decreased the sodium excretion in the faeces, while that in the urine 
of most animals increased (TABLE 2). TABLE 3 shows the average data on sodium 
intake, total excretion, excretion in faeces and urine, and the urine production during 
the three periods A, B and C. As has already been mentioned, exp. 12 was carried 
out with dry cows not in calf and exp. 14 with dairy cows. 
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TABLE 3. The influence of supplementary KCl on sodium excretion in the faeces and 
urine of dairy cows 

Sodium in g/day £ Dry matter 
in faeces 

(%) 

Urine 
produced 
(kg/day) intake excretion 

Dry matter 
in faeces 

(%) 

Urine 
produced 
(kg/day) 

total in faeces in urine 

Dry matter 
in faeces 

(%) 

Urine 
produced 
(kg/day) 

Exp. 12 A 
+ KCl B 

C 

17,5 
17,7 
17,5 

14,7 
16,4 
16,4 

3.4 
2,0 
4.5 

11.3 
14.4 
12,0 

18,68 
16,88 
18,03 

4,58 
15,19 

5,05 

Exp. 14 A 
+ KCl B 

C 

17,7 
18.6 
16.7 

18,1 
15,1 
14,6 

7,2 
4,1 
5,4 

5,7 
6,6 
5,1 

14,31 
13,70 
14,57 

12,93 
24,09 
13,33 

During the three subsequent collection periods A, B and C the quantities of sodium 
ingested were almost the same. The somewhat higher sodium intake in exp. 12 B 
with regard to exp. 12 A and 12 C is due to the higher water intake as a result of 
the potassium application which had already started at the beginning of the prelimi
nary period. This higher water intake was also evident from the larger urine pro
duction, while the dry-matter percentages in the faeces were lower. The differences 
in sodium intake were somewhat larger in exp. 14 due to differences in the dry-
matter intake of the animals. In both experiments the KCl-application was associated 
with a decrease in the sodium excretion in the faeces and an increase in urine-sodium 
excretion. In this case there is no connection between a decrease in the dry-matter 
content of the faeces and an increase in faecal-sodium excretion. The increase in 
sodium excretion in the urine did not occur with all animals (TABLE 2). As will be 
shown below, this effect may actually have occurred, but only during the preliminary 
period, because the increase will be largest in the first few days. Averaged for all 
animals, the increased urinary-sodium excretion due to supplementary KCl was about 
as large as the decrease in sodium excretion in the faeces, so that the values for 
retention did not change. 
In connection with the above it would be interesting to investigate whether the in
creased sodium excretion in the urine due to additional potassium is only a tempo
rary effect or a permanent one. In exp. 12 the influence of supplementary KCl was 
investigated from the first to the fourteenth day after its application, in exp. 14 from 
the seventh till the fifteenth day (TABLE 2 and 3 only show data on exp. 12 and 14 
collected during the collection period). 
In exp. 12 urinary-sodium excretion was determined every two days after the appli
cation of supplementary KCl had started (FIG. 2). From this it was evident that in
creased sodium excretion, due to additional KCl, took place especially during the 
first few days after application. Despite the fact that supplementary KCl was con
tinued, this excretion decreased again considerably after a few days and with cow 
2 even to approximately the same level as before the application of KCl. More
over, both animals temporarily showed a considerably decreased urine-sodium excre
tion immediately after terminating supplementary KCl, viz. from 30th November to 
3rd December. Soon after, the sodium excretion returned to the same level as before 
the KCl-supplementation. In elaborate experiments with pigs and rats MILLER (1923 a, 
b; 1926) also found clearly increased urinary-sodium excretions after the application 
of potassium. Here too, the largest effect was observed in the first few days after 
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FIG. 2. Influence of supplementary KCl on excretion of sodium in dairy cows 
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supplementation. Despite the fact that supplementary potassium was continued, in this 
case urine-sodium excretion also decreased to almost the same level as before the 
potassium supply. DE GROOT (1961) found the same in dairy cows. The same in
vestigators also observed a temporarily much decreased excretion of sodium after 
terminating the additional potassium supply. Thus, these data are in complete agree
ment with the results mentioned in FIG. 2 of exp. 12. 
In summarizing the results of the experiment just mentioned, it may be concluded 
that supplementary KCl will result in a temporary increase in urine sodium. This 
increased excretion decreases again after a few days until almost the same level is 
reached as before supplementary KCl was given. In prolonged experiments, however, 
it is quite possible that this effect disappears completely, or is limited to extremely 
small differences despite the fact supplementary KCl is continued. Apparently, the 
animal body can soon adapt itself to a sudden change in conditions. 
These data are also interesting in relation to BUNGE'S hypothesis (1873). He suggested 
that sodium impoverishment of the body might occur due to increased urinary-sodium 
excretion caused by increased potassium intake in the feed. It should be taken into 
account, however, that BUNGE'S considerations are based on one-day experiments upon 
himself. He did prove an increased excretion of urinary sodium due to the appli
cation of various potassium salts, but these experiments lasted only one day and, 
moreover, no data were collected on the sodium excretion in the faeces. It was in
deed proved that this effect was due to potassium as this was supplied in the form 
of various salts, among which KCl, all showing the same effect. BUNGE s views (1873) 
however could not be confirmed in our experiments, because the increased urine-
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sodium excretion due to supplementary KCl, was compensated by a decreased faecal-
sodium excretion. Accordingly, no change was observed in the total excretion of 
sodium. The later has already been proved by RICHARDS et al. (1927) in experiments 
with pigs. In these experiments the increased excretion of urinary sodium due to sup
plementary potassium, was also compensated by a decreased excretion in the faeces. 
The investigators found the same effect on the potassium excretion due to supple
mentary sodium (RICHARDS et al., 1924). In experiments with rats MILLER (1923 a, b), 
SCHOORL (1934) and GRUNERT et al. (1950) found that the sodium requirement of 
these animals did not increase by increasing the potassium content in the rations. All 
these data suggest that due care should be taken in accepting the common view that 
increased potassium intake by the animal should lead to sodium impoverishment of 
the body. 
In our experiments urinary-sodium excretion varied from 0,4 to 72,9 g per day 
(TABLE 2). The amount of this excretion was mainly determined by the sodium in
take in the rations as has been shown in FIG. 3. 
From FIG. 3 it appears that a linear relationship exists between the urine-sodium ex
cretion and the intake of 15 to 90 g of sodium per day. When the intake is less 
than 15 g a day, the gradient of the line will change and there is not such a sharp 
decrease in the excretion. With an intake of less than 10 g the excretion of sodium 
in the urine will be less than 2 g a day. The sodium contents in the urine varied 
from 20 to 3910 mg of sodium per litre (average content of the total urine production 
during a collection period). The sodium concentration in the urine as well as the 
quantity excreted by the same animal may fluctuate sharply within 24 hours. A cer-

FIG. 3. Correlation between sodium intake and excretion in urine in dairy cows 
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tain rhythm was also observed in the quantity of sodium excreted within 24 hours 
(unpublished data). 
In this investigation no indications were found that more sodium is excreted in the 
urine of cows with high milk yields than with low ones. The sodium content in the 
milk averaged 0,38 g per litre, varying from 0,31 to 0,49 g. There are considerable 
differences between animals. 
MULDER et al. (1959) determined the contents of mineral elements in milk of four 
cows during the whole lactation period. Every day or every two days the sodium 
contents were also determined. In the periods with milk yields over 15 kg per day 
they found an average content of 0,36 g of sodium per litre varying from 0,28 to 
0,52 g per litre. These contents are almost the same as those found in our experi
ments. With very low milk yields different values should be used because the sodium 
contents in the milk will be higher in that case. 
Although the influence of sodium intake on the sodium contents in the milk seems 
to be small, some indications were found that with very low intakes the sodium 
contents in the milk show a slight decrease, similar to that observed by RENKEMA 
et al. (1962). 

3.2. Sodium requirement 
Data of balance trials enable the estimation of the herbage sodium required for 
maintaining a balance in the body of the animal between sodium intake and excre
tion. Accordingly, this is the minimum requirement. In the same way as this was 
done for magnesium (KEMP et al., 1961), this is shown for sodium in FIG. 4. 
The values shown on the x-axis of FIG. 4 were found by subtracting the sodium 
secreted in the milk from the "available" herbage sodium (Na-feed minus Na-faeces 
minus Na-milk). The values thus obtained were plotted against the daily excretion 
of urinary sodium. The retention can also be read from this figure. The dashed line 
forming an angle of 45° with the x-axis shows all points at which sodium intake 
is on a level with sodium excretion. Accordingly, the retention is zero. When "avail
able" sodium minus sodium required for secretion in the milk is larger than the 
quantity excreted in the urine, the points will lie below the dashed line and the 
retention will be positive. On the other hand, the retention will be negative when the 
"available" sodium is less than that of urinary sodium and then the points lie above 
the dashed line. The latter is the case only on the left hand side of the figure. Here 
the value for Na-feed minus Na-faeces minus Na-milk is so small that the positive 
retention changes into a negative one and thus sodium impoverishment of the body 
takes place. At this change the solid line intercepts the interrupted one. As it was 
not possible to show all observations clearly in FIG. 4, the observations from the most 
important part of that figure were transferred to FIG. 5 on a larger scale. 
FIG. 5 proves that retention will be zero when the amount of "available" sodium 
minus sodium required for the milk is about 0,5 g a day. 
In FIG. 4 two points are shown by a solid triangle. These data relate to cows 1 
and 4 from exp. 3 (TABLE 2). In this experiment these cows received considerably 
more herbage sodium than in exp. 2. Sodium was retained in the body as a con
sequence of the sodium-rich nutrition in exp. 3 after the sodium-poor nutrition in 
exp. 2. This is expressed in the higher values for retention, while the excretion of 
urine sodium remains on a low level. A similar effect, i.e. the use of body sodium 
and the subsequent replenishment of it, has also been observed by SCHOORL (1934) 
in experiments with rats. With cows 1 and 4 in exp. 3, however, this replenishment 
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FIG. 4. Correlation between "available" sodium minus sodium secreted in milk (x-axis) 
and sodium excreted in urine (y-axis) 

N.B. 
Solid triangles denote sodium-poor nutrition in the preliminary period. 

follows after a period in exp. 2 in which retentions are not negative, suggesting re
plenishment was not necessary at all. Nevertheless, it may be assumed that retentions 
were in fact negative. Moreover, probably all values mentioned in TABLE 2 for 
"retention" are not accurate but too high. 
In FIG. 4 and 5 the regression line (solid line) is under the dashed line, which means 
that the retention continuously fluctuated between 2,5 and 5 g of sodium per day 
with sodium-rich nutrition. For two reasons however these high retenttions are im
probable, viz. firstly because the experiments were carried out with adult animals 
which usually do not have these high daily sodium retentions, and secondly it may 
be assumed that sodium is also excreted in other ways than is normally determined 
in balance trials. Most likely, sodium is also excreted by transpiration through the 
skin, while also some sodium will be lost with the saliva. 
According to FERGUSON and DOWLING (1955) water excretion through the skin may 
be estimated at 3,3 kg per 24 hours for a cow with a body weight of 450 kg at a 
temperature of 10° C. This value varies widely with fluctuations in temperature. No 
true data are known on the sodium content in sweat of cattle. Investigations of 
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FIG. 5. Correlation between "available" sodium minus sodium secreted in milk (x-axis) 
and sodium excreted in urine (y-axis) 

Na-intake minus Na-faeces minus Na-milk (g/day) 

BARRISON et al. (1951) and FERGUSON and DOWLING (1955) have indeed proved that 
sweat of cattle contains chloride. Only MANGOLD (1932) states that the sodium con
tent of sweat may possibly vary from 1 to 5 g of sodium per litre. He did not 
mention however where and how these values were determined. In view of the 
rather considerable quantities of water which have been proved to contain chloride 
and may be excreted through the skin, it may be assumed that cattle does excrete 
sodium through the skin, and that this might amount to a few grams a day. Further
more, it is quite possible that sodium is also excreted in saliva losses, though prob
ably these will be still less. Nevertheless, if the daily saliva production contains ap
proximately 100 g of sodium, there will be an additional sodium loss of 1 g a day 
due to a saliva loss of 1 % per day. Both last mentioned factors, viz. sodium loss 
through the skin and by saliva loss, could account for the "positive retention" in 
FIG. 4 and 5. Considering these additional excretions, balance trials with adult cattle 
in which normally only the sodium excretion in faeces and urine and sometimes 
the secretion in milk are determined, will probably always show positive retentions 
that are in fact not accurate. Most likely, the data on retention in TABLE 2 will all 
be too high and should be interpreted likewise. In FIG. 4 retention averages about 
2,5 g of sodium a day with a value of 6 g on the x-axis, increasing to approximately 
5 g a day with sodium-rich nutrition. In view of the preceding, a higher sodium 
content in the sweat and maybe also in saliva could account for this at higher 
sodium intakes. 
These additional losses should also be taken into account when calculating the sodium 
requirement of cattle. In order to correct the values on the x-axis in FIG. 4 and 5, 
2,5 g of sodium are put down to "other excretions" in FIG. 6. The fact that this 
correction should be about 5 g at higher sodium intakes, is left out of consideration 
in this case as the sodium requirement will always be sufficiently covered at these 
high sodium intakes. 
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FIG. 6. Correlation between "available" sodium minus sodium secreted in milk minus 
2,5 g of sodium for "other excretions" and sodium excreted in urine 

With a daily urine-sodium excretion of approximately 3 g the total excretion of 
sodium according to FIG. 6 will be as high as the sodium intake, and the balance 
will be in equilibrium. When there is a minimum of 3 g of "available sodium" minus 
sodium required for secretion in the milk and 2,5 g for "other excretions", retention 
will be zero. These 5,5 g of "available sodium" per day might be called the "main
tenance requirement". 
These data enable the estimation of the daily intake of herbage sodium, required by 
an adult animal to maintain a balance between the sodium ingested and that ex
creted. The little sodium in the drinking water has been left out of consideration. 
Secretion in the milk is estimated at 0,40 g of available sodium per litre, "mainte
nance requirement" at 5,5 g a day. The daily requirement of a dairy cow with a 
milk yield of 20 litres per day is therefore (20 X 0,40) + 5,5 g = 13,5 g of 
available sodium. In the preceding experiments with fresh herbage the average "avail
ability" of the herbage sodium was 85 %, so that the daily requirement of herbage 

sodium should be X 13,5 = 15,9 g. This "availability" however may vary 
85 

considerably, while also the milk yield has much influence on the daily requirement 
of herbage sodium. In TABLE 4 the sodium requirement has therefore been calculated 
for diverging values of "availability" and with various milk yields. 
The results discussed in the preceding and the sodium requirements mentioned in 
TABLE 4 are based on balance trials of short duration. As far as sodium require
ment is concerned, these experiments only indicate the minimum requirement. It 
will therefore be interesting to compare these results with those of prolonged ex
periments of SMITH and AINES (1959) with 30 dairy cows yielding 10.000 to 14.000 
pounds of milk per year. These experiments lasting over 2 years comprised 4 groups 
of animals all receiving the same winter rations. The sodium intake averaged 9,5 g 
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TABLE 4. Sodium requirement (g/day) of milking cows with various milk yields and 
differences in the utilization of herbage sodium 

"Availability" Sodium requirements in g/day for milk yields of 

10 15 20 25 30 kg/day 

75 % 12,7 15,3 18,0 20,7 23,3 
8 5 %  1 1 , 2  1 3 , 5  1 5 , 9  1 8 , 2  2 0 , 6  
95 % 10,0 12,1 14,2 16,3 18,4 

per day. Three of the four groups received additional salt daily, i.e. 15 g, 60 g 
and 120 g of NaCl per day. Several criteria were used to assess the adequacy of 
inadequacy of salt intakes: daily feed consumption, body weight, an estimate of salt 
hunger, milk production, chemical analyses of feeds, blood, milk and urine. The cows 
without additional salt ration experienced salt hunger, lowered milk yields and losses 
in body weight. In this experiment it was evident that these symptoms could be 
counteracted by additional sodium supply and not by that of chloride (AINES and 
SMITH, 1957). In SMITH'S and AINES' experiment the long time required to develop 
serious deficiency symptoms was of particular interest. Although the cows with no 
additional salt ration showed early "signs of the deficiency" in terms of salt hunger 
and a sharply reduced excretion of sodium, it was not until approximately a year 
had passed that such adverse effects as loss in body weight, failure in appetite and 
a decline in milk production were observed. These animals only had 9,5 g of sodium 
per day, an amount at which according to our own investigations sodium deficiency 
was bound to occur. The group of cows supplemented with 15 g of NaCl per day 
did not show a decline in milk yield nor losses in body weight. The animals did 
show salt hunger and excreted very little sodium in the urine. According to the 
investigators these facts suggest that the optimal sodium requirement is somewhat 
higher than the sodium in the rations, supplemented by 15 g of NaCl. For this 
reason a group of similar dairy cows was inserted, fed on the same rations supple
mented however with 30 g of NaCl (= 11,8 g of Na) per day. At this sodium in
take no deficiency symptoms were observed, even at long term. The authors accord
ingly have concluded that the optimal sodium requirement of these high yielding 
animals is approximately 9,5 g + 11,8 g = 21,3 g of sodium per day. 
There appears to be a striking correspondence between the "optimal" sodium require
ment of 21,3 g of sodium per day per animal with high milk yields as determined 
by SMITH and AINES (1959), and the minimum sodium requirements of 20,7 g (with 
a milk yield of 25 litres a day) and 23,3 g per day (with a yield of 30 litres a day) 
as determined by means of balance trials in the present publication. The fact that 
SMITH and AINES observed deficiency symptoms in cows with a sodium intake of 
9,5 g a day and also in animals supplemented with 15 g of NaCl, completely agrees 
with our findings on the sodium requirement. This suggests that the minimum 
sodium requirement as approximated by balance trials of short duration is about the 
same as the "optimal requirement" as calculated by means of data on prolonged 
feeding experiments by SMITH and AINES (1959). 
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