THE ROLE OF RUMEN PROTCZOA IN THE NUTRITION OF RUM NANTS
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SUMVARY

Recent resultshave tended to support the concept that protozoa
are preferentially retained in the rumen. Even though they can
constitute a large proportion of the mcrobial bionmass in the rumen
they apparently contribute a relatively small proportion of the
m crobial protein available for digestion in the small intestine 'of
rumnants. The large ciliate protozoa may be retained nore conpletely
than the small ciliate protozoa. Recent <m Vitro results suggest that
engul fnment of bacteria by' protozoa may be the major |oss of nicrobial
protein to the animal. Possibly the energy cost of maintenance of
protozoa may be the nost significant detrimental effect of the presence
of large protozoal popul ations in the rumen.

| NTRODUCTI ON

Bird (1978) in the last issue of these proceedings reviewed the
work that had been done on defaunation of ruminants in these laboratories.
Bird (1978) reported that the renoval of protozoa fromthe rumen of
| anbs, mature wethers and cattle on high energy, low protein diets
resulted in considerable increases in liveweight gain. Also in one
study the production of wool was increased considerably in |anbs
W thout protozoa in their rumen as conpared to simlar animals with
normal ruminal popul ations of protozoa. The conclusions from that work
were that the presence of large popul ations of protozoa in the rumen
resulted in a decreased availability of both protein and energy from
t he rumen system and the responses to defaunation were nore |ikely when
the diet was suboptimal in bypass protein. In the past studies of the
effects of defaunation have not always been carried out in aninals with
| ar ge protozoal biomass. Unfortunately there-has been no attenpt to
vary the total biomass in relation to the biomass of bacteria, to
assess the change in total bionass of mcroorgani sms within the rumen.
However, if we assune that the rumen systemis limted by nutrient
supply then the microbial bionmass should be constant. Under these
circunstances an increase 'in protozoal numbers must be acconpani ed by
a decrease in the bacterial population within the rumen and vice versa
Usi ng values 'for bacterial and' protzoal size given by Warner (1962),
Leng (1976) indicated that the relationships shown in Figure 1 should .
apply. Since a small ciliate (entodinia spp.) is about 0.1 of the size
of the large holotricha protozoa the popul ation of entodinia protozoa
nmust be at least 10 tines that of the large holotricha before they
approxi mately equal the same bionass within the rumen.

DI STRI BUTI ON OF PROTOZOA

On dried and preserved forages and grains, (typical diets of
animals in research programes), the small ciliate protozoa (mainly
entodinia and epidinium spp) are predom nant in the rumen of sheep and
cattle. However, where sugar is a najor proportion of the carbohydrates
in the diet, large holotrich protozoa tend to becone predoni nant
(mai nly Zsotricha and dasytricha spp.). W basically have two groups
of protozoa to consider. On pastures where these contain clovers, the

tendency is for the large ciliate protozoa to co-exist. with the smaller
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entodinia (see Clarke 1965). On roughage diets or dry pasture or
grasses, entodinia protozoa tend to predom nate.

EFFECTS OF DI ET ON PCOPULATI ONS OF PROTOZOA IN THE RUMEN

In any situation where the pH of the rumen contents falls bel ow
about 5.5 at anytime foll ow ng feeding,protozoa tend to die and if the
pH is maintained for |long periods of time protozoal popul ations are

al ways small (Purser and Mir 1959). Thus where grain is a high
proportion of the diet (i.e. feed-lot situations), protozoa do not
usually exist in the rumen. However, where restricted grain/high
forage feeding is practised, ruminal protozoa nunbers can be extremnely
high. As a general rule it is suggested that if the pH of the rumen
contents is high and there is a readily available carbohydrate source in
the diet, protozoa effectively conpete with bacteria and represent a
| arge proportion of the microbial biomass in the rumen. Conversely if
protozoa are removed by any neans, bacterial population will tend to
i ncrease. If a chemical is added to the diet which affects bacteri al
popul ations, then the protozoal nunbers may tend to increase, for
instance, aureomysin or tylosine increases the nunber of protozoa but
not bacteria in rumen contents (Purser et al. 1964; Klopfenstein et al.
1964) .

ASSESSI NG PROTOZOA NUMBERS

It should be stressed, that protozoal nunbers as presently
assessed by visual counting, are inaccurately determined. 'In order to
be sure that a change has occurred with protozoal nunmbers in the rumen
a great deal of care must be taken to obtain a representative sanple of
rumen fluid and in addition to sanple the aninmal over a prolonged period
of tine. Even under these circunmstances it is probably inpossible to
accurately sanmple the total protozoa pools because of the changes in
protozoal numbers that apparently occur over a day. These apparent
changes in protozoal numbers in the rumen, which fluctuate at tines up
to a 100 fold within a day, appear to be the result of a sequestering
of protozoa on plant materials or settling of the protozoa within the
rumen system  Diurnal fluctuations in rumen protozoa nunbers are due to
changes in distribution of protozoa within the rumen and a | ack of
ability to sanple these protozoa (see C arke, 1965; Leng and Preston
1976) .

| NTRODUCTI ON OF PROTOZOA | NTO THE RUMEN

There appears to be no resistant phase in the life cycle of
ciliate protozoa which live in the rumen. In this way aninals can only
be infected by direct or very close contact with infected animals and

therefore the possibility exists for groups of animals to be nmintained
'protozoa free.

THE | NTERACTI ON OF RUMEN PROTOZOA AND PRODUCTI ON OF RUM NANTS

The early studies of Weller and Pilgrim (1974) which showed t hat
protozoa of the entodinia spp. were preferentially retained within the
rumen have been confirmedby (1) sl aughter studies (Mnor et al.1978
Bird et al . 1978) (2) studies in which protozoal markers have been used
(John and ulyatt 1979 and Harrison et al. 1979). Recent studies from
our own |aboratory (Leng et al. 1980) have denonstrated, using protozoa
‘labelled With carbon 14, that the turnover of protozoa in the rumen was
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very much slower than the turnover of rumen fluid. In these studies
protozgd (large ciliates) were isolated fromthe rumen and i ncubated
wi'th Ccholine to label their Iipids. The labelled protozoa, washed
free of bacteria, were reintroduced into the rumen of mature cattle on
sugar cane diets, and their specific radioactivity (muc/mgN) fol |l owed for
a period of five days.

The results in Figure 2 of the specific radioactivity of protozoa

with tinme indicate the very slow .turnover of the large ciliate protozoa
in the rumen of cattle on sugar cane based diets. In these aninals

(700 kg bulls) the protozoa had a five day half life in the rumen
indicating that only 2-3 g of protozoal N was irreversibly lost from
the protozoal pool. The pool. size of the protozoa was 20-40 g of
nitrogen representing about 350 g of dry matter or 2-2% kg of wet protozoa
in the rumen of a bull weighing about 700 kg.

Since these protozoa have a very large surface area and are very
active this suggests they could represent sone considerable |oss of

energy to the aninal since they appear not to | eave the rumen. Over the
period of thisexperinment the half tine in the rumen of protozoa (5 days)
was so nuch longer than the half tine of liquid (12 hours) that there
appears to be little doubt that the |large protozoa are preferentially
ret ai ned. Data has already been cited that indicates that the snal
protozoa are preferentially retained so therefore there now i s abundant
evidence to indicate the preferential retention of protozoa may have
consi derable detrinental effects on the efficiency of utilisation of
food by rumnants. However, it is stressed that the total bionmass of
prot ozoa nust be substantial before they can be expected to represent
a major constraint.

In our studies the irreversible [oss of protozoal nitrogen was
small i.e. there was only a small turnover of protozoa either within or
through the rumen. Although they are only a small proportion of the
m crobial protein synthesised in a day they may still markedly reduce
the availability of microbial protein to the host animal. Protozoa
engul f bacteria in quite large nunbers (Col eman 1976) and therefore
reduce considerably the availability of bacterial protein output from
the rumen. This aspect is under study in these |laboratories and it has
been confirmed in <n vitro studies of Demever and Van Nevel (1979). T he
extent of reduction of VFA availability in the presence of protozoa
mght also be inportant but its extent is (at present) unknown. The
mei nt enance energy requirenents of protozoa in the rumen are net from
the breakdown of mcrobial protein and the energy of carbohydrates

The effects of the renmpbval of protozoa from the rumen depends 'on a
nunber of factors. Because the rumen is a bal anced ecosystem any change
brought about by antiprotozoal agents may result in a chain of influences
within the rumen, some of which may be detrinental and others which my
be advantageous. The ultimate effect of defaunation then depends on the
bal ance of these influences, Protozoa were believed to be beneficial
because of their effect on slowing down the rate of fermentation
particularly of starches. The entodinionorphid protozoa fernent
starch 'rather slowy, however, they remve the starch from bacterial
attack by engulfing the starch grains. This gives the protozoa a
competative advantage over bacteria in the rumen ecosystem and allows

them to grow. On sugar diets the |arge protozoa rapidly take up sol uble
sugars and convert themto starch and in this way they have a simlar



role to that of the entodinionorphid protozoa on starch based diets.
However, we have been unable to show any netabolic disturbances in

t he rumen of sheep on sugar based diets in which the protozoa have been
r enoved. It is inmportant to recognise that on starch based diets when
protozoa are present there is no accunulation of lactic acid, however,
when protozoa are renoved, bacteria which produce lactic acid nay
increase in nunber in the rumen (Dirksen 1970). Lactic acid is only
absorbed slowy through the rumen wall and the result is a drop in rumen
pH. A drop in pH allows lactic acid producing bacteria to further.
increase in nunmbers. Fernmentation of carbohydrate to lactic acid
results inonly small availability of ATP for microbial protein
synthesis, so a |large anount of carbohydrate nust be fernented to allow
the bacteria to grow. That is the efficiency of microbial protein
synthesis is apparently reduced when lactic acid accunul ates in rumen
fluid. In sheep on sugar diets there is an increase in propionate
relative to acetate on defaunation which is beneficial in retaining
more substrate energy in the products of fermentation. The above
points are described here only to denpnstrate that the effects of'
defaunation (or any other manipulation of the rumen system) nmay be
conplicated and interactive depending on the diet of the animals.

SOVE RECENT RESULTS OF THE EFFECTS OF DEFAUNATI ON OF THE RUMEN

Two areas have been researched quite extensively this year. These
include the effects of defaunation on microbial protein svnthesis in
the rumen. To date no results are available. The other has been to
repeat the studies carried out by Bird (1978). The effects of
def aunation on wei ght change in |anbs on | ow protein high energy diets
was repeated and sinmilar. results were obtained. In these studies the
| anbs which were defaunated grew at approximately 25% greater rate than
the aninmals with a normal popul ation of mcrobes within the rumen
(Burggraaf, Tre8eXperiments were carried over for 16 weeks and at
the end of that time the lanbs on high energy/l ow protein feeds with
and wi thout rumen protozoa were slaughtered and conparative body
conposition data obtained. The |anbs which were protozoa free had a
consi derably larger rumen volume and a smaller killing-out percentage.
This rempves sonme of the beneficial effects of defaunation. It appears
that the absence of protozoa in sonme way affects rumen Size and turnover
and this could be one of the mjor reasons for the lack of response that
has been observed in studies with defaunated |anbs at high protein
i ntakes since reduced rumen outflow probably reduces the efficiency of
bacterial protein synthesis (see Sutherland 1976). It seems inperative
that studies should be undertaken in the future on defaunation where
sonme nmeans of Stinulating rumen throughput is devel oped.
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