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THE EFFECT OF HIGH LEVELS OF SODIUM BICARBO­
NATE IN THE DRINKING WATER OF SHEEP O N 

RUMEN FUNCTION 

I. F. W. GROSSKOPF(l) and R. J. J. BRIEL, Veterinary Research Institute, 
Onderstepoort 

INTRODUCTION 

In some of the arid regions of the -world the only available drinking water has 
a high salt content and consequently it is essential to know the maximum tolerance 
of animals towards the different ingredients of such water. According to Adelaar 
(1965) the following permissible levels of ions in the drinking -water of livestock 
were determined by the responsible authorities in South Africa:-

Total solids . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5000 ppm 
Sodium (as Na)..................................... 2000 ppm 
Calcium (as Ca)................ . .. . . .. . . . . ....... ... JOOO ppm 
Magnesium (as Mg). . .. . . . . . ....... . ...... . .. . . . .... 500 ppm 
Nitrates (as N03).. ..... . . .. .. ..... . ... . .... ... ..... 400 ppm 
Chlorides (as Cl)........ . .... . .............. . .... ... 3000 ppm 
Sulphates (as S04) .... . . ... .. ..... .. ........ .. .. . .... 1000 ppm 
Fluorine (as F)... . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 ppm 

As bicarbonate is one of the least harmless ions to the animal body and as 
levels of bicarbonate exceeding the above-mentioned figure are not regarded with 
concern in water for human use, it is questionable whether such a low limit of 
bicarbonate in the drinking water of livestock is justifiable. In ruminant animals, 
however, the motility of the rumen is particularly susceptible to alkalinity (Clark & 
Lombard, 1950) and it was therefore necessary to establish the effect of high levels 
of bicarbonate on the functions of the rumen. 

MATERIALS AND M ETHODS 

Experiment No. I 

Four adult Merino wethers with permanent rumen fistu lae were divided at 
random into two groups of two each. They were placed in individual pens where 
each sheep received its own feed and water. One pair was given lucerne hay and 
the other teff hay ad lib. The lucerne hay ration was regarded as a fa irly good diet 
while experience had shown that teff hay a lone was insufficient as a maintenance 
diet for Merino sheep. Every morning 1,500 gm of hay was given to the sheep 
between 8 and 9 a.m. and the remainder weighed the following morning. The intake 
of water was determined similarly and corrected for evaporation losses. No period 
of adaptation to the rations was necessary as all the sheep had been on similar 
rations for months except that the teff hay group had also received a non-protein 
nitrogen supplement until some weeks before the start of this experiment. 
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EFFECT OF SODIUM BICARBONATE ON RUMEN FUNCTION OF SHEEP 

The rumina! contractions of a ll sheep were recorded twice a week in the 
morning before feeding according to the method described by Quin, Van der Wath 
& Myburgh (1938). The number of mixing movements per 5 minute period was 
then determined from the recordings and expressed to the nearest one-tenth of a 
contraction. 

The pH of a sample of rumina! contents extracted through the fistula from 
various depths in the rumen was determined twice a week immediately after collec­
tion by means of a portable, battery operated, single electrode pH meter. 

The ability of the rumina! organisms to ferment sugar was determined by 
measuring the volume of gas produced from glucose by the freshly collected sample 
of rumina! fluid. The method used was a slight modification of that described by 
Quin (1943). A solution of0·4 gm of glucose in 1 ml of water was added to 50 ml 
of strained, freshly collected rumina! juice and the volume of gas produced during 
slow agitation in a water bath at 38° C for 15 minites was measured at atmospheric 
pressure. As control a duplicate 50 ml sample of rumina! fluid without glucose 
was subjected to the same treatment. The difference between the two volumes of 
gas was taken as due to fermentation. 

The rate of cellulose digestion was estimated according to the method of 
Grosskopf ( J 964). The loss in weight of four cotton strands during suspension 
for 15, !8, 21 and 24 hours respectively in the rumen was determined. The percentages 
of the original weights lost on each set of four strands were plotted against time 
and the time taken to lose 50 per cent of the original weigh t then read from the 
graph. For clearer comparison a "cellulose digestion" index was calculated. 
This was done by multiplying the reciprocal of the " half life " of the cotton threads 
in the rumen (in hours) by 1000. Estimated in this way, an index figure of 50 or 
more represented a very high rate of cellulose digestion while a figure of 10 or lower 
indicated a rather poor rate of cellulose digestion. 

Where the rate of cellulose breakdown was poor, extrapolation of the graph 
was necessary to determine the " half life " of the cotton threads. The possible 
error that could be made through this was, however, not regarded as being significant 
as the method of calcu lating the index of cellulose digestion would again reduce 
such an error to a minimum. 

The index of cellulose digestion for each of the four sheep was estimated twice 
a week during the course of the experiment. 

The sheep were weighed once a week. 

After a period of four weeks on normal Onderstepoort water (alkalinity 
equivalent to 517 ppm of bicarbonate, as - HC03) , the sheep were offered drinking 
water to which sodium bicarbonate had been added to obtain levels of a lkalinity 
equivalent to 1000, 2000, 2500, 3000, 4000 and 5000 ppm of bicarbonate as - H C0 3 . 

The sheep were kept on each of these levels of bicarbonate in their water for four 
weeks. These levels were determined titrimetrical!y by using 0 ·IN hydrochloric 
acid with methyl orange as indicator. Table I gives the levels of sodium bicarbonate 
added to obtain these concentrations as well as the pH of the final solutions. 

The experiment was started on 8 November 1962 and concluded on 12 June, 
1963. 
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TABLE 1.-The levels of sodium bicarbonate added to tap water to obtain the required 
concentrations 

Alkalinity expressed as 
ppm of -HC03 

517 
1000 
2000 
2500 
3000 
4000 
5000 

Experiment No. 2 

NaHC03 added to drinking 
water (gm/1) 

0·70 
2·03 
2·70 
3·36 
4·69 
6·02 

pH 

7·6 
7·8 
7·9 
7·9 
8·0 
8·0 
8·0 

As the results obtained with the sheep fed on teff hay in the previous experiment 
were not satisfactory, it was decided to repeat the procedures on another group of 
sheep fed on ieffhay. Four six-tooth German Merino rams with permanent rumina! 
fistulae and two similar sheep without fistulae were kept in individual pens and 
fed on teff hay ad lib. and 50 gm of crushed yellow maize daily. A six weeks 
adaptation period was allowed before the start of the experiment. The small amount 
of maize was added to minimize the loss of weight normally encountered when 
feeding teff hay alone. 

The four fistulated sheep were subjected to all the experimental procedures 
described above. The two normal sheep were kept as controls to determine the 
effect of the poor diet alone. Because of practical difficulties the two control sheep 
could not be subjected to all the procedures and therefore only their feed and water 
intake vvas determined. 

The same procedures and methods were adopted as in the first experiment, 
except for the determination of the glucose fermentation rate vvhich was adapted 
slightly to give more accurate readings. A water bath with finer temperature 
control and improved shaking device as well as thinner connecting tubes was 
used. Jnstead of 50 ml of rumina! fluid and 0·4 gm of glucose, 20 ml of strained 
rumina! contents and 0 · 16 gm of glucose were used and fermentation was allowed 
to continue for 60 min. The volumes of gas measured in this experiment are 
therefore not comparable to those obtained in experiment l. 

Sodium bicarbonate was added to the drinking water of the four fistulated 
sheep to obtain alkalinity levels equivalent to I 000, 2000, 4000 and 5000 ppm of 
bicarbonate as - HC03 . They were kepi on the normal Onderstepoort tap water 
for four weeks and then fo r periods of three weeks on each of the levels mentioned 
above in succession. Thereafter they received normal water for a period of four 
weeks. 

The two control sheep were given nom1al tap water throughout. 

The experiment was carried out during June to October 1964. 
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EFFECT OF SODIUM BICARBONATE ON RUMEN FUNCTION OF SHEEP 

RESULTS 

Experiment 1 

The average daily hay consumption and water intake, the average cellulose 
digestion index, the average volume of gas produced by the ruminal organisms 
from glucose, the average rumina! pH, the average number of ruminal mixing 
contractions and the live weight of the two sheep on lucerne hay during each week 
are presented in Table 2. 

The two sheep on the teff hay diet gave disappointing results. Their feed and 
water intake decreased to such an extent that sheep No. 3 had to be withdrawn 
from the experiment at the end of the 18th week (on 3000 ppm bicarbonate in the 
water) and that the offering of bicarbonate water to sheep No. 4 had to be discon­
tinued prematurely after the level of 4000 ppm had been reached. 

Sheep No. 4 did not improve on normal tap water but grew worse. Sheep No. 3 
rapidly regained its appetite when its teff hay diet was replaced by lucerne hay . 

As can be seen from Table 2, the increased levels of bicarbonate in the drinking 
water had no effect on feed consumption. The sheep drank more water as the 
atmospheric temperature increased during the summer months and less as the 
weather became cooler during winter. 

Apart from a small fluctuation in the rate of cellulose digestion in the rumen 
of sheep No. 1 during the first five weeks of the experiment, the cellulose digestion 
index remained remarkably constant throughout in both sheep. 

The pH of the rumina] contents remained fairly constant and within normal 
limits. During the second week on 2000 ppm of bicarbonate in the drinking water­
the pH of the rumina} contents of sheep No. 1 rose to 7 ·4, but within a further two 
weeks it returned to 6 · 9. 

The rate of rumina! contractions was unaffected b\ the addition of bicarbonate 
to the drinking water. -

The estimation of the rate of sugar fermentation by the rumina! organisms gave 
disappointing results. The variations noted from day to day v.ere even greater 
than those presented in Table 2. No trend in the sugar fermentation rate could 
be coupled with the levels of bicarbonate in the drinking water and it is suggested 
that these figures be ignored. 

The sheep gained weight during the experiment probably due to wool growth 
and not an increase in body weight. 

Experiment 2 

The results of this experiment are presented in Tables 3 and 4. As the four 
sheep receiving additional bicarbonate in their drinking water reacted similarly, 
all the figures in Table 3 are presented as the mean of the four. Similarly, the figures 
in Table 4 represent the means of the two control sheep. 

The feed consumption of the four experimental sheep decreased to approxi­
mately 87 per cent of the pre-experimental intake when they received the drinking 
water containing 2000 ppm of bicarbonate, but improved on the 4000 and 5000 
ppm levels of bicarbonate and on normal tap water. The two control sheep 
maintained their level of feed intake. 
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As the experiment was started in mid-winter, it was expected that the water 
intake would increase gradually as the weather became warmer. This was indeed 
so, but when additional bicarbonate was no longer added to the water, the water 
intake dropped noticeably. This period coincided with the first summer rains, 
however, and the water intake of the control group dropped similarly. 

The index of cellulose digestion improved slightly during the course of the 
experiment and reached its peak when the sheep drank water containing 5000 ppm. 

The estimation of the ability of the ruminal micro-organisms to ferment sugar 
was satisfactory and gave more constant results than in the previous experiment. 
Apparently this ability of the rumina! organisms was not retarded by the higher 
levels of bicarbonate in the drinking water. 

The pH of the ruminal contents remained between normal limits throughout 
the course of the experiment. 

The contractions of the ruminal wall was not retarded by the added bicarbonate ; 
it rather appeared to be stimulated slightly. 

The sheep lost weight during the experiment and regained a little during the 
four weeks on normal water. 

Conclusions 

There was no indication that the high levels of sodium bicarbonate in the drinking 
water of sheep on a lucerne hay diet had any harmful effect on their ruminal functions 
as shown in Table 2. 

In the first experiment where the sheep on the teff hay diet lost their appetite 
and showed retarded rumina! functions, it was difficult to distinguish between the 
effects of the added bicarbonate and those normally experienced when Merino 
sheep are kept on a ration containing teff hay only for a long time. It was therefore 
decided to repeat that part of the experiment. 

In the second experiment the four experimental sheep did not maintain their 
feed consumption as well as the two controls. Mter an initial drop the feed intake 
did, however, improve during the time that the level of bicarbonate in the drinking 
water was at its highest. It is therefore difficult to blame the bicarbonate for the 
temporary lower feed intake. 

Both groups of sheep in experiment No. 2 gradually drank more and more water 
as the weather became warmer. Unfortunately the drop in water intake following 
on the withdrawal of bicarbonate coincided with the first general summer rains 
which could have caused the decreased thirst. It does, however, seem that the 
increased water intake of the experimental group before the rain was more pronounced 
than that of the control group. 

As with the lucerne hay group in experiment 1, the high levels of bicarbonate 
in the drinking water of the four experimental sheep in the second trial had no 
influence on their ruminal cellulose digestion, rate of ruminal contractions, pH of 
the rumen or the ability of the micro-organisms to ferment glucose. 

The sudden weight gains of the four experimental sheep after the discon­
tinuation of the addition of bicarbonate to their water, cannot be explained by feed 
or water intake. It is possible that the lower sodium bicarbonate load on the kidneys 
and the more humid atmosphere favoured water retention, which in turn could have 
been responsible for these weight gains. Otherwise, the sheep's gradual loss of weight 
during the course of the experiment was to be expected with this particular diet. 
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EFFECT OF SODIUM BICARBONATE ON RUMEN FUNCTION OF SHEEP 

TABLE 4.-Average daily feed and water intake of two control sheep (Teff hay diet) 

Week ending Feed consumption (gm/day) 

16. 8.64.. . ... . . .... .. . ... .... 1636 
23 . 8 .64.. .. ... . . . . . .......... 1730 
30. 8.64. .......... . . . .. . . . ... 1816 
6. 9.64. . ... . . .. . ..... .. .. . .. 1713 

13. 9.64... .. . . . . . . . . . . . . . . . . . 1745 
20. 9.64 . ...... ... .. . . .. . . .... 1739 
27. 9.64.... ... ............... 1794 
4.10.64 . .. . .. .. ........... .. . 1733 

11.10.64..... . . . . . . . . . . . . . . . . . 1759 
18.10.64.... . .. . . . . . . . . . . . . . . . 1671 
25.10 .64... .... . . ..... .. ..... . 1576 
1.11.64...... . ...... . . .. . .... 1678 
8 .11. 64.... .. .. . . . . . . . . . . . . . . 1628 

15. 11.64.. .... ...... . ... ... . . . 1545 
22.11 . 64... . . .. . ... . ... . .. . .. . 1646 
29 .11. 64. . . ... . ... . . . . . . . . . . .. 1789 
6.12.64.. . .. . . . . . .. . . . . . . . . .. 1784 

13 . 12.64....... .. .. . . .. .. . .... 1835 
20 . 12. 64....... . ........ . . . . . . 1852 

DISCUSSION 

Water intake (ml/day) 

3745 
4010 
3958 
3679 
3866 
4336 
5079 
4905 
4997 
4430 
3546 
3874 
4435 
3937 
2843 
3243 
3251 
3353 
3518 

These experiments with sheep were carried out in stables and, although no 
definite harmful effects of the drinking water containing high levels of bicarbonate 
could be shown, the picture may be quite different when they are kept outside in 
the sun. On the other hand, the levels of bicarbonate tested were much higher than 
the highest levels found in some borehole waters. Of the last 50 samples of borehole 
water to be approved for stock drinking purposes by the National Veterinary Research 
Laboratories, 11 contained levels of bicarbonate exceeding 500 ppm as - HC03, 

the highest of these being 775 ppm of bicarbonate. 

These experiments have not proved beyond doubt that high levels of bicarbonate 
in the drinking water of sheep on poor feed will have no harmful effects over long 
periods. It may be reasonably safe, however, to suggest that much higher levels 
than the accepted 500 ppm may be permitted in water without any fear of increased 
ruminal pH or ruminal atony. 

Similar experiments should be carried out with cattle before any recommen­
dations on the levels of bicarbonate in their drinking water can be made. It is 
assumed that the breeds of sheep which are better adapted to arid regions than the 
Merino or German Merino should be even less susceptible to high levels of bicar­
bonate in their water. 

SUMMARY 

Two groups of rumen fistulated sheep of two each fed on lucerne hay ad lib. 
(supra maintenance) and teff hay ad lib. (sub-maintenance) respectively, were offered 
drinking water containing different levels of bicarbonate, viz. 500 (normal tap water), 
1000, 2000, 2500, 3000, 4000, 5000 and again 500 ppm. Each level of bicarbonate 
in the water was given for a four-week period. Feed and water intake -was measured 
daily. Twice a week the pH of the rumina! contents, the rurninal cellulose digestion 
rate, the rurninal movements and the sugar fermenting ability of the ruminal 
organisms were determined. The sheep were -weighed once a week. 
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The high levels of bicarbonate had no effect on feed and water intake or any 
of the rumina! functions studied in the well-fed group. The group on poor feed, 
however, lost their appetites and their ruminal functions were affected. This 
deterioration was ascribed rather to the poor diet than to the added bicarbonate. 

Another group of four strong sheep was therefore also given a poor diet (teff 
hay plus 50 gm of crushed maize per sheep daily) and subjected to the same treatment. 
Their appetites decreased a little while on the lower levels of bicarbonate in the 
drinking water, but improved again while on the higher levels. Otherwise the high 
levels of bicarbonate had no significant effect on the indices estimated. 
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