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A bsract: A comparison of the effects of administration of 350 mmol d"1 of KC1 or NaCl on faecal excretions, saliva­
ry concentrations and concentrations and pools of Na, K , 1 MCs, Ca, Mg, P, and water in the alimentary tract of rein­
deer was carried out using three groups of three 10 months old reindeer fed a lichen diet. One group was used as a 
control group with no mineral supplementation. The level of K supplementation mimicked K intakes from summer 
pastures. NaCl was given at a rate which would mimic intake from salt licks by domestic ruminants of similar body 
size. Treatment with KC1 increased the salivary and alimentary concentrations and the alimentary pool sizes of K and 
faecal excretion of K increased. A decrease in l 3 4Cs concentrations in all parts of the gastrointestinal tract indicated 
greater absorption of 1 MCs during the KC1 treatment than in NaCl treated and control animals. Increased intake of 
Na or K had no significant effect on the digestibility of the lichen diet, but urine production increased. Little effects on 
pools or concentrations of Ca, Mg and P were observed. NaCl treatment increased urinary and faecal excrerion of Na, 
but did not affect the metabolism of any of the other studied minerals. 
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Introduction 
Supplementary intake of potassium (K) in rumi­
nants affects the metabolism of sodium (Na) and 
other minerals, and may also affect dry matter 
digestibility (Warner & Stacy, 1972; Grings & 
Males, 1987; Staaland & Garmo, 1987). Also consi­
derable interest has been focused on findings of 
reduced uptake and retention time of radiocaesium 
( l i 4 Cs and 1 5 7Cs) in reindeer which are consuming 
green forage (grasses, herbs, green leaves etc.) or 

other diets high in K (Holleman & Luick, 1975; 
Åhman , 1988; Birke etal., 1995). 

During winter as much as 80-90 percent of the 
diet of reindeer can be lichen (Gaare & Staaland, 
1994). Lichens generally have low concentrations of 
minerals compared to green forage. Typical concen­
trations in a Norwegian lichen dominated diet in 
inland areas are about 10 mmol N a and 30 mmol 
K per kg dry matter ( D M ) (Garmo, 1986; Staaland 
& Sæbø, 1993; Gaare & Staaland, 1994). These low 
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concentrations are nevertheless sufficient to sustain 
concentrations of these minerals in the blood and 
gastrointestinal contents of reindeer during a long 
winter. Recent studies indicate that reindeer gra­
zing in mountain regions in Southern Norway can 
maintain N a balance during winter on diets con­
taining 5-6 mmol k g 1 D M (Staaland & Hove, 
unpubl.). The concentrations of these different 
mineral elements in reindeer are also typical of 
those recorded in domestic ruminants fed mixed 
rations of hay and concentrates and for wi ld 
ruminants, but seasonal variations are common (see 
e.g. Church 1979; Staaland et al, 1992; Holand & 
Staaland, 1995). 

W h e n spring comes, green pasture wi th a much 
higher K concentration is available. A shift in alka­
l i mineral concentrations in the rumen towards a K 
dominance has been reported. Through spring and 
summer, rumen concentrations of K can increase 
from about 30 mmol in winter to as much as 160 
mmol kg 1 wet weight, with a concomitant decrease 
in N a concentrations from 150 to 25 mmol kg 1  

wet weight (Staaland & Sæbø, 1987). A t the same 
time, radiocaesium levels in reindeer grazing conta­
minated pastures from nuclear weapon tests or fal­
lout from the Chernobyl accident decreases rapidly, 
and reaches their lowest annual values in the period 
June-August (Pedersen et al, 1993; Å h m a n & 
Åhman , 1994). 

Dai ly intake of N a by a reindeer is about 10-20 
mmol in both summer and winter. This is only a 
small fraction of the normal gastrointestinal pool 
which can be 1300-1400 mmol in a reindeer weig­
hing about 40 kg. For comparison, 1 kg D M of 
foraged green vegetation can contain about the 
same amount of K as the gastrointestinal content, 
i.e. 300-400 mmol. The exchange of N a between 
different sections of the alimentary tract and the 
body, and the flow between alimentary sections, is 
nevertheless many-fold higher than for K (Staaland 
etal., 1984; Whi te etal., 1984). 

We have previously reported from experiments 
with the same animals as in the present publication 
(Birke et al., 1995). The main purpose of that stu­
dy was to examine the effects on accumulation and 
excretion of 1 3 4 Cs when animals were fed a lichen 
diet supplemented with N a and K . A n enhanced 
intake of alkali elements for a prolonged period may 
also influence the size of the alimentary pools of the­
se elements and further alter concentrations and 
absorption of other minerals and the dry matter 
digestibility. The aim of the present study is to 
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report on the effects of a forced increase of K or 
N a intake on the alimentary pools and concentrati­
ons of K , N a , 1 3 4 Cs, Ca, M g and P measured at 
slaughter. I addition salivary concentrations and fae­
cal excretion were measured. 

Materials and methods 
Nine male reindeer calves, approximately 10 
months of age, were obtained from the herd belong­
ing to the Vågå reindeer company in the 
Jotunheimen mountain range of southern Norway. 
They were brought ro the Agricultural University 
at Ås and transferred to metabolism pens in a barn. 

The animals were used in 2 continuos experi­
ments, one that lasted for 29 days and the present 
one which continued for 4 days unti l the animals 
were slaughtered. The first experiment was desig­
ned to examine the effect of N a C l and KC1 admi­
nistration on the accumulation of B 4 C s and excreti­
on of 1 , 7 Cs in the reindeer (Birke et al., 1995). 

Food consumption, and urine and faeces produc­
tion were measured throughout both experiments. 
Body mass (BM) was recorded regularly throughout 
the experiment and ar slaughrer (Table 1). 

A l l animals were fed a diet of hand-picked lichen, 
mainly Cladonia stellaris and C. rangiferina. The 
reindeer were fed in the morning and evening and 
offered a total daily intake of 1300 g D M . Food 
remains were collected and weighed every morning, 
and the animals consumed on an average 0.75-0.95 
kg D M d 1 for a period of 33 days. Three animals 
were given a daily dose of 26g KC1, and 3 animals a 
dose of 20g N a C l . Three others were kept as con­
trols and not fed extra minerals. Animals given 
minerals would, including minerals in the food, 
have a daily intake of =350 mmol K or N a . KC1 
and N a C l were given dissolved in 1 1 water prior to 
feeding through a tube placed in the proximal part 
of the oesophagus. 1 3 4 Cs was sprayed on small dots of 
lichens given to the animals before regular feeding 
in the morning and the quantities given were corre­
lated to the 1 3 7 Cs activity in the animals at the start 
of the first experimental period (Birke et al. ,1995). 

Saliva was collected 10, 7 and 3 days before 
slaughter by forcing the animals to chew on a per­
forated polyethylene tube for about 5 min as descri­
bed by Staaland et al. (1980). 

During the last 4 days of the experimental peri­
od samples were collected for calculation of faecal 
production and digestibility. Also urine volumes 
were measured in the 4 days period prior to slaugh-
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Table 1. Daily food intake and faecal excretion of dry matter (DM), D M digesribility, daily mineral intake and faecal 
and urinary water and mineral loss ± S.D. Figures followed by different letters are significantly different 
(P<0.05). Estimates are based on total intake and excretion through the 4 days prior to slaughter. 

Control (« = 3) 
Treatment 
K C l (* = 3) 

350mmol d 1 

N a C l (»=3) 
350mmol d"1 

Body mass (kg) 4 9 ± 5 

Food intake (g D M d 1 ) 7 4 7 ± 7 7 a 
Faecal output (g D M d ') 198 ± 2 3a 
D M digestibility (%) 73 ±1 
Faecal water output (g d L)* 401 ±59a 

Urine production (ml d"1) 7 5 5 ± 1 0 4 a 
Urine excr. N a (mmol d"1)** 0.5 
Urine excr. K (mmol d"1)** 1.1 

N a 
Intake, mmol d ' 7 ± l a 
Faecal loss, mmol d 1 l 4 ± 4 a 

K 
Intake, mmol d"1 21 ± 2a 
Faecal loss, mmol d ' 18±2a 
1 3 4Cs 
Intake, B q d 1 6 6 0 0 ± 3 4 6 
Faecal loss, B q d 1 4265+913 

Ca 
Intake, mmol d ' 17±2a 
Faecal loss, mmol d _ 1 11 ±2 

M g 
Intake, mmol d"1 11 ± l a 
Faecal loss, mmol d"1 11 ±2 

4 9 ± 8 

9 5 4 ± 4 3 b 
2 7 5 ± 2 2 b 

7 1 ± 3 
6 9 1 ± 1 2 1 b 

2 2 9 4 ± 4 6 4 b 
30 

266 

9 ± l b 
I 4 ± 5 a 

3 6 l ± l b 
6 4 ± 1 0 b 

6 3 0 0 ± 7 5 5 
4 0 1 4 ± 6 7 8 

2 2 ± l b 
13±2 

I 4 ± l b 
15±2 

5 0 ± 5 

8 2 9 ± 6 8 a b 
2 3 0 ± 4 3 a b 

7 2 ± 4 
5 8 0 ± l l 6 a b 

2 2 9 4 ± 2 6 4 b 
312 
2.7 

3 5 0 ± l c 
5 3 ± l 4 b 

23±2a 
19±7a 

8 0 6 7 ± 1 5 6 3 
4 6 8 8 ± 3 6 3 

19±2ab 
9 ± 2 

1 2 ± l a b 
11±2 

Intake, mmol d 1 * * * 
Faecal loss, mmol d ' 

l l ± l a 
18±3a 

1 3 ± l b 
2 3 ± l b 

1 2 ± l a b 
2 1 ± 2 a b 

* Estimates based on water percentage in the distal colon (D2) and daily 
animals. 

** Estimates of urinary excretion of Na and K is based on data presented in 
1995). 

*** Based on P concentrations in lichen (Staaland & Sæbø, 1993). 

D M faecal producrion in different 

a previous publication (Birke et al., 

ter. Treatment with minerals and I 3 4 Cs continued 
unti l the day before slaughter, but food was offered 
as usual in the morning before slaughter started 
(about half the daily food amount). The animals 
were slaughtered 1-6 hrs after the last feeding. 

Immediately after the reindeer were ki l led the 
gastrointestinal tract was removed (and spread on a 
table). The total content of the 11 following secti-
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ons were collected and weighed: Rumen and reticu­
lum, omasum, abomasum, 3 equally long sections 
of the small intestine, caecum, ascending spiral 
colon, descending spiral colon, and finally 2 equally 
long succeeding sections of the distal colon inclu­
ding rectum. Thoroughly mixed samples from each 
section were transferred to counting vials for the 
measurement of 1 M C s . After measurements of 1 3 4Cs 
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activity concentrations the samples were freeze dri­
ed to constant weight to determine water and dry 
matter content. 

For chemical analyses of N a , K , Ca, M g and P 
the dried samples were ashed at 525 °C for 4 h. The 
ash was dissolved in aqua regia and further diluted 
with deionized water. Mineral concentrations were 
measured on a G B C 9 0 6 A A Spectrophotometer 
and radionuclide activity concentrations on a 
Minaxi Y, (Auto Gamma 5000 series, Packard 
Instruments.) 

Duncan multiple range test was used to compare 
treatment means. 

Results 
A l l animals maintained their initial body weights 
and remained in good conditions throughout the 
experiment. Body masses at slaughter were 49-50 
kg. Based on data from the last 4 d before slaughter 
the control group had the lowest food intake. 
Digestibil i ty of D M in the ration was 71-73 % and 
was not significantly different between the 3 expe­
rimental groups. Urine production was highest in 
the mineral treated animals (Table 1). 

Water and mineral concentrations in the alimentary tract 
There were no significant effects of either KC1 or 
N a C l treatments on water concentrations in the ali­
mentary tract, except for a slightly higher water 
content in the distal colon of the N a and K treated 
animals when compared to controls ( F i g . l A ) . 

Animals given KC1 had the lowest sodium concen­
trations throughout the alimentary tract, most sig­
nificantly in the stomach region and in the distal 
colon (except D2). Animals given KC1 had signifi­
cantly higher K concentrations in all sections of the 
alimentary tract compared to the control and N a 
treated animals (Fig. 1B,C). Treatment with KC1 
apparently reduced the B 4 C s concentrations 
throughout the alimentary tract compared to the 
animals given N a C l and to the control animals. 
Sodium treatments increased N a concentrations in 
the abomasum and caecum-colon, but appeared to 
have little effects on K and 1 3 4 Cs concentrations 
(Fig. 1 B ,C ,D) . Except for slightly higher concen­
trations of Ca, M g and P in some sections of the 
distal alimentary tract in the control animals, N a 
and K treatments did not appear to affect the ali­
mentary concentrations of these elements (Fig. IE , 
F, G). 

Alimentary pooh 
The total alimentary pools of minerals and dry mat­
ter were calculated per kg B M after pooling of the 
alimentary contents. Animals supplemented with 
KC1 had larger alimentary pools of K (4-5 times), 
and smaller N a pools, than controls and those given 
N a C l . O n the contrary, sodium treatment did not 
affect the alimentary pools of either N a or K (Table 
2). Also, the total l w C s activity relative to B M see­
med to be lower in the K treated animals. The diffe­
rences are, however, not significant different from 
other groups (P>0.05). Also, doses of 1 3 4 Cs given to 
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Ru Om Abo S1 S2 S3 Cae Sp1 Sp2 D1 D2 

P-concentrations 
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Ru Om Abo S1 S2 S3 Cae Sp1 Sp2 D1 D2 

Fig. 1. Water percentage and Na, K , 1 3 4Cs, Ca, M g and P 
concentrations in different sections of the alimen­
tary tract of the reindeer (±S.D.). Columns follo­
wed by different letters are significantly different 
P<0.05, «=3- Ru=Rumen; Om=Omasum; Abo = 
Abomasum; SI, S2, S3=Small intestine; Cae = 
Caecum; Spl =Ascending spiral colon; Sp2=De-
scending spiral colon; D l , D2 = Distal Colon. 

the KC1 treated animals were lower than for the 2 
other groups (Table 1). N o effect of N a C l or KC1 
treatment was observed with respect to total al i­
mentary pools of Ca and M g , and P content was a 
little higher in the K treated animals. Throughout 
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Table 2. Total fill, water, K , Na, 1 3 4Cs, Ca, P and M g in the alimentary tract of reindeer given 350 mmol KC1 or NaCl 
per day compared to control animals given the same diets withouth extra minerals. Values are given per kg 
of body mass (BM)±S.D. 

Control («=3) 
Treatment 
K C l («=3) N a C l («=3) 

Total wet weight fill (g kg"') I 6 8 ± 1 5 a 1 9 7 ± 1 3 b 164±8a 
Water (g kg 1 ) I 4 2 ± 1 3 a I 6 8 ± 1 2 b 138±5a 
K (mmol kg-1) 3 .1±0.4a 15 .0±4 .4b 3.8±0.6a 
N a (mmol kg 1 ) 21 .0±3 .0a 13 .3±5 .6b 22.1 + 1.2a 
1 3 4 Cs (Bq kg 1 ) 1833+69 1 3 8 7 ± 3 8 2 1971+302 
Ca (mmol kg"1) 0.39+0.03 0 .48±0 .03 0 .42±0 .08 
P (mmol kg ' ) 7 .9±0 .0a 9 .2±0 .7b 7 .7±0.6a 
M g (mmol kg - 1) 0.78 + 0.07 0 .89±0 .04 0.77+0.09 

Figures followed by different letters are significantly different (P<0.05). 

the 4 days prior to slaughter significant (P<0.05) 
increased excretion of N a and K was observed in 
animals given extra doses of these elements. 

Saliva 
In animals given daily doses of K C 1 , increased sali­
vary K concentrations were observed compared to 
the N a C l and control groups (Table 3). Sodium 
concentrations were lower than in animals given 
N a , but were not significantly different from the 
control animals. The mean activity of 1 3 4 Cs was 
higher in saliva from KC1 treated animals than from 
the two other groups.When calculated relative to 
the daily doses of 1 3 4 Cs, the activity of 1 3 4 Cs was 
higher in the K treated animals, but the observati­
ons were not significant, possibly due to large varia­
tions (P>0.1). 

Discussion 
As shown in the previous study on these animals 
the kidneys were the main pathway of excretion of 
the increased loads of the minerals as evidenced by 
increased urinary volumes and increased urinary 

concentrations and excretion of K and N a . In addi­
tion, the excretion of the two isotopes 1 3 4 Cs and 
1 3 7 Cs increased. The total water flux in the control 
animals was about half that of the mineral treated 
animals (Birke et al, 1995). In the present study 
concentrations of minerals and 1 3 4 Cs was not measu­
red in the urine, but estimates based on data from 
the publication by Birke et al. (1995) indicate that 
the urinary excretion of 1 3 4Cs was in the order of 12 
and 16 % of total daily dose given to K and N a 
treated animals. This would amount to an urinary 
excretion of about 760 and 1290 Bq 1 , 4 Cs d"1 in K 
and N a treated animals and about 330 B q d"1 in the 
control group. This is much less than the faecal 
excretion (Table 1). Contrary high intake of N a or K 
give a higher excretion rate in the urine than in fae­
ces of these two minerals. H i g h intake of K does 
also increase the N a excretion in the urine, whereas 
N a seems to have little effect on urinary excretion of 
K (Table 1). 

Varying intake ratios of alkali elements may 
affect rumen functions including digestibility 
(Staaland et al, 1986; Staaland & Garmo, 1987). 
Earlier studies have shown a rapid exchange of 

Table 3. Concentrations of K, Na and '"Cs (± S.D.) in reindeer saliva collected on three occasions during the last week 
before slaughter. Values are the means of the mean values for each animal in the different groups. 

Treatment 
Control (»=3) K C l (» = 3) N a C l ( « = 3) 

K (mmol 1 ') 12±4a 4 8 ± 2 9 b 1 0 ± l a 
N a (mmol l 1 ) 6 7 ± 1 5 a 53+15a 9 8 ± 1 3 b 
1 3 4 Cs (Bq l 1 ) 1226+451 1949+1310 1575+237 
1 3 4Cs (Bq I Vdose d')*1000 185+67 303+176 197+24 

Figures followed by different letters are significantly different (P<0.05). 
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alkali elements (Na, K , Cs) between the alimentary 
tract and body pools (Staaland et al. , 1990), and 
that the concentration of one element can influence 
the transfer of other elements. In sheep, high con­
centrations of K in the rumen reduce the rate of N a 
absorption, whereas low concentrations of K increa­
se the rate of N a absorption through the rumen wall 
(Warner & Stacy, 1972). In the present experiment 
the daily intake of K in the KC1 treated animals 
was about twice the size of the alimentary K pool in 
the control animals and led to a large increase in the 
pool size. The increased intake of K , 350 mmol d ', 
corresponded to the amount of K which can be 
obtained from eating about 1 kg green vegetation 
(DM) in early summer, whereas the intake of N a 
from the same diet would be in the order of 10-20 
mmol d 4 (Staaland & Sæbø, 1993). H i g h intakes of 
K give reduced salivary secretion of N a and incre­
ased K secretion (Staaland & Garmo, 1987). H i g h 
K concentrations in the alimentary tract lead to 
increased absorption of the element as evidenced by 
increased urinary excretion (Birke et al, 1995). A l ­
though not measured directly, it appears l ikely that 
an increased absorption of K has induced an incre­
ased absorption of Cs, which could explain the 
reduced alimentary concentrations of 1 3 4 Cs i n the 
animals in the present study given a forced intake of 
K . Since 1 3 4 Cs appears to be higher in the saliva of 
K treated animals (Table 3) it also appears likely 
that an increased salivary secretion of K increases 
salivary secretion of I 3 4 Cs into the alimentary tract. 
Due to the errors involved and the small number 
of animals studied, further studies are required to 
establish the significance of this recycling of absor­
bed radiocaesium. 

The increased intake of K increased both absorp­
tion and secretion of this element. Similar trends in 
the movement of I 3 4 Cs suggest that the Cs ions to 
some extent follow K . To fully document the relati­
onship between K and Cs transfer it would be of 
interest to measure the concentrations of non-radi­
oactive Cs in the alimentary system. The quantities 
of non-radioactive Cs in the alimentary tract have 
not been measured in the reindeer. Measurement of 
the total concentrations of Cs would therefore be 
important to fully understand the metabolism of 
this element. However, the present interpretation of 
our results depends on the assumption that the I 3 4 Cs 
isotope given experimentally w i l l not interfere 
with the total concentrations of this ion or wi th the 
physiological mechanisms that govern the absorp­
tion and secretion of Cs. There is no clear evidence 

of any biological function of Cs (McDowel l , 1992), 
and several publications have indicated that Cs fol­
lows K in physiological transport processes 
(Wasserman & Comar, 1961; Holleman & Luick, 
1975; Birke et al, 1995). Since the increased K 
intake resulted in increased absorption and secreti­
on rates of K (Fig. 1), relatively more Cs could 
also have been transported. It is also possible that 
high Cs concentrations could have an effect on K 
metabolism. 

The N a C l treated reindeer had an additional inta­
ke of N a which amounted to 1/3 of the alimentary 
N a pool. The relatively small increase in N a relative 
to total alimentary pool and also relative to the 
high salivary excretion of this element, is probably 
the reason why no significant effects on the alimen­
tary pools of N a , K or l 3 4 Cs were observed. The 
N a C l treated animals had the highest N a concentra­
tions in saliva, but it appears that increased intake 
of N a had little effect on K and 1 3 4 Cs metabolism. 

Increased intake of K and N a had little effect 
on the alimentary concentrations and pools of Ca, 
M g and P. However, the increased urinary produc­
tion (Birke et al., 1995) and increased faecal volu­
mes could result in increased loss of these elements 
also. It has been shown that high intake of K can 
reduce the absorption of M g in domestic ruminants 
(Anonymous, 1988). H i g h K concentrations in the 
rumen can also reduce the digestibility of organic 
material (Grings & Males, 1987) as also observed 
by in sacco studies wi th reindeer (Staaland & Garmo, 
1987). In the present study, however, D M digestibi­
l i ty did not differ significantly between the 3 
groups of animals. 

In conclusion, high intakes of K of N a increased 
the faecal excretion of these two elements, but had 
l imited effects on faecal excretion of 1 3 4 Cs, Ca, M g 
and P. A high intake of K reduced the alimentary 
pools and concentrations of N a and 1 3 4 Cs. K treated 
animals had decreased N a concentrations and incre­
ased 1 3 4 Cs concentrations in saliva. Al though an 
increased salivary secretion of 1 3 4 Cs would increase 
the input to the alimentary system, high K con­
centrations in the alimentary tract w i l l apparently 
lead to increased absorption of both K and 1 3 4 Cs and 
therefore maintain comparatively low alimentary 
concentrations of 1 3 4 Cs. The level of K supplementa­
tion in the present study was in agreement with 
what could have been found in reindeer on sum­
mer pasture, and would indicate that a summer diet 
wi th high K content can have important effects on 
both N a and Cs metabolism of reindeer. 
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