


STUDIES ON THE ALIMENTARY TRACT OF MERINO SHEEP IN SOUTH AFRICA.

THE EFFECT OF FASTING ON THE CONSISTENCE OF THE RUMINAL CONTENTS.

In order to demonstrate the effect of fasting on the consistence of the ruminal
contents, samples of ingesta were taken from the fistulae at intervals during fasting.
The material was centrifuged at 6,00 r.p.m. for one minute in graduated 10 c.c.
tubes and the relative proportions of solid material and fluid recorded. A typical
result of several such trials is given in Table 1.

TaBLE 1.

The Effect of Fasting on the Consistence of the Ruminal Contents of a Sheep on
a Ration of Lucerne Hay.

Water
| Fluid Consumption

Time of Collection. I Per Cent. (Litres per

24 hours).
Before Fasting.... ... | 43 1-7
After 24 hoursfasting. .. ...t 58 0-0
After48 hours fasting ... ..o i e 74 0-0
After 72 hours fasting... . .« oot 85 0-0
24 hours afterfeeding.. ... .. ... i 60 0-2

The ruminal ingesta invariably became progressively more watery during
fasting despite the fact that the water consumption was always greatly reduced.
This was also found to be the case in cattle.

THE EFFECT OF FASTING ON THE FERMENTATION OF GLUCOSE BY RUMINAL INGESTA.

Quin (1943) showed that fasting caused a marked decrease in the ability
of the ruminal flora to ferment glucose. This was confirmed in the present
experiments.

THE Errrct oF FASTING ON THE RATE OF CELLULOSE DIGESTION.

During the above experiments samples of ruminal ingesta were also tested
for their ability to digest cellulose in vitro. For this purpose the cotton thread
technique as described by Hoflund, Quin and Clark (1948) was used.

in the case of sheep on grass hay it was found that the threads were normally
completely digested in 36 to 48 hours. The rate of cellulose digestion was not
affected after 24 hours fasting but it was markedly retarded in samples taken
48 hours or longer after the food had been removed. Tn such samples there was
no change in the threads after 96 hours incubation. The rate of cellulose digestion
was, however, restored to normal within 24 hours after feeding had recommenced.
It was also noted that, when the grass hay ration was again offered after a period
of fasting, the sheep immediately resumed feeding at the pre-fasting level.

Similar cbservations were also carried out on a group of sheep fed on a
ration of lucerne hay only. Tt was found that fasting for 48 hours had the same
effect of depressing cellulose digestion but that in this case recovery was delayed
for two to three days after feeding was resumed. Moreover the appetite was
gradually recovered in contrast to the immediate resumption of normal feeding
as shown by the sheep on grass hay. These results are shown graphically in
Graphs 1 and 2.
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The very close correlation between the consumption of hay and the rate
of cellulose digestion as determined in vitro by the cotton thread technique of
Hoflund et al (1948) is again demonstrated in the above graphs. This is further
proof that this test accurately reflects the cellulose splitting powers of the ruminal
flora at the time of sampling. In contrast to the rapid recovery of appetite on a
diet of grass hay the gradual return of appetite after fasting has been repeatedly
noted in sheep on a ration of lucerne hay, Two further examples are shown in
Graph 3.

GrAPH 3.
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Hoflund et al (1948) showed that the sudden introduction of as little as 50 gm.
of casein per day into the diet of a sheep adapted to a low protein intake (veld
hay only) caused an immediate and marked drop in appetite. The consumption,
however, gradually returned to normal as the ruminal flora became adapted to the
higher protein level. This suppression of consumption could be avoided by the
simultaneous administration of readily available carbohydrate in the form of
molasses.

As the lucerne hay used contained 15 per cent. protein and was comparatively
low in readily available carbohydrate (starch and sugar), the inappetence for this
diet after starvation was considered to be due to the relative preponderance of
protein. In order to test this theory the following experiment was carried out. Two
sheep were placed on a ration of poor quality grass hay with a protein content of
2 per cent. This was supplemented by 150 gm. of casein per day which was offered
in a separate container. The daily consumption of both grass hay and casein
was recorded. After the animals had become adapted to the diet all food was
removed for 48 hours after which feeding was recommenced as before. The ct
of the fasting on the consumption of casein is shown in Graph 4 (average for tne
two sheep).
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GRAPH 4.

The Effect of Starvation on the Daily Consumption of Casein
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Immediately after starvation the consumption of hay was resumed at the
pre-fasting level as indicated in Graph 1 but, as will be seen from Graph 4, the
intake of casein was very low for the first two days, approximately 50 gm. daily
as against 120 gm. normally. This would indicate that sheep automatically regulate
the intake of protein to correspond with the ability of the ruminal flora to metabolise
it.

THE EFFECT OF STARVATION ON THE FIXED AND FREE CELLULOSE SPLITTING
BACTERIA.

The cellulose splitting organisms of the rumen may be divided into two types,
the one being free in the fluid and the other adherent or embedded in the plant
particles. In the present tests on the in -vitro digestion of cellulose by ruminal
ingesta during starvation the following facts were noticed : —

1. In ingesta taken before starvation digestion of the cotton thread in the
test tube occurred throughout the submerged length.

2. In samples taken during starvation digestion took place only in the
bottom of the tubes, i.e. the sediment.

This observation indicated that starvation not only retarded cellulose digestion
but that it affected the free bacteria before the fixed organisms. In order to test
this further the digestion of cotton threads was tried in the following fractions
of ingesta, viz.: —

1. The whole ingesta as removed.

2. The fluid portion after straining through butter-muslin.

3. The supernatant portion after centrifuging this fluid at 6,000 r.p.m.
for one minute.
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. These observations were carried out before, during and after starvation re -
tively. The results are given in Graph 5.

GRAPH 3.

The Effect of Starvation on the Free and Fixed Cellulose Splitting Bacteria.
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As will be noted from the graph the cellulose splitting capacities of all three
fractions were equal prior to starvation. The fluid portion of the ingesta showed
a marked drop in activity within 24 hours after the food had been removed
whereas the whole ingesta showed no change for a period of 48 hours starvation.
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This experiment shows that during starvation the free cellulose splitting
organisms disappear probably both by passage down the tract as well as by fixation
to the rapidly diminishing number of food particles.

The above experiment was also repeated using strips of fine cellophane in
place of the cotton thread. The digestion of the cellophane could be judged by
direct observation and after staining with chlor-zinc-iodine. The results were the
same as with cotton thread.

THE CAUSE OF THE RETARDATION OF CELLULOSE DIGESTION DURING STARVATION.

The loss in power to digest cellulose shown by ruminal ingesta during starvation
may be due to either (1) disappearance of cellulose splitting organisms or (2)
inability of the organisms present to attack cellulose in the absence of other
essential nutrients. It was found that the addition of boiled normal ruminal
fluid to the ingesta of a starved sheep did not promote cellulose digestion but that
this was attained by adding small amounts of chopped hay even to boiled ingesta
from starved sheep. The sudden recovery in cellulose digestion after the resumption
of feeding would therefore appear to be due to bacterial contamination of the hay.

REesuLTts witH CATTLE.

Similar comparative experiments were carried out on the fistula cattle and
the results with regard to cellulose digestion were found to be very similar. It
wat noted, however, that cattle returned to their normal consumption of lucerne
hay immediately after starvation. This may indicate that cattle are less sensitive
than sheep to changes in inter-ruminal conditions and may partially explain
the fact that they are so much more prone to digestive disturbances.

DISCUSSION.

The above experiments show that starvation for over 48 hours markedly
affects the composition and activity of the ruminal flora and that these factors
must be restored before normal digestion can again take place. In cases of sick
animals where anorexia has been present for any considerable time, care should
be taken with the diet on the recovery of appetite. Under such conditions it
would appear that excessive protein should be avoided until the ruminal flora has
been restored.

From the observations on the pseudo-yeasts and cellulose splitters it would
appear further that the functionally important types of ruminal organisms are not
of a permanent character but require constant replenishment from natural con-
tamination with the food.

SUMMARY.

1. The effects of starvation on the consistence of the ruminal ingesta and the
activity of the ruminal flora have been studied.

2. The ruminal contents were found to become progressively more watery
during starvation although there was still a large volume present even after 96
hours without food.

3. Both the fermentation of sugar and the digestion of cellulose were markedly
depressed after 48 hours starvation.
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4. On a low protein diet of grass hay the appetite returned to normal
immediately after starvation but on a higher protein diet cf lucerne hay the
consumption after starvation was low and only returned to normal after 3 to
5 days. There was evidence to show that the sheep regulated their protein intake
in accordance with the adaptation of the ruminal flora. This did not appear to
apply to the same extent to cattle.
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