RUMEN PROTOZQOA - POTENTI AL FOR MANI PULATI ON
S.H BIRD*
Summary

The mani pul ation of rumen function through the renoval of the ciliate
protozoa has not resulted in consistent changes in rumnant production
Current research findings are discussed with particular enmphasis given to the
role of protozoa in fibre digestion in the rumen and the availability of
protein for intestinal digestion. Dietary conditions under which positive
responses to defaunation can be expected are identified

| . I NTRODUCTI ON

The majority of the netabolisable nutrients for the rumnant are
provided by the end products of fermentation and it is clear that an
under standing of rumen function is the key to optimsing feed utilisation by
rumnants.  Manipul ation of rumen fernentation provides an inportant neans of
increasing the efficiency of feed utilisation and rumnant production.
Fermentative digestion and nutrient outflows from the rumen can be adjusted
favourably either by protecting dietary components from the mcrobes or by
controlling the balance of mcrobial species and/or their activities (Chalupa,
1977). The use of chem cals to enhance rumen fernmentation has been an
integral part of intensive rumnant production for many years. O course
fermentation will only be altered when the chemical agent is present. This
necessitates regular dosing and often the dose needs to be accurately
controlled. In contrast the removal of protozoa fromthe runen (defaunation)
can be achieved with a single treatnment and further treatment is unnecessary
provi ded defaunated animals are isolated fromother rum nants. The cost of
controlling protozoa is likely to be |ow and has an obvious application in the
grazing industry,

Al'though it is well established that protozoa make a significant
contribution to fermentation in the rumen (Hungate,1966), it does not
necessarily follow that the nost efficient conbination of mcrobes wll
include the ciliates. In support of this statement current research findings
will be discussed with particular enphasis given to the role of protozoa in
mcrobial growth and digestion of fibre in the rumen.

1. MCROBIAL PROTEIN SYNTHESIS IN THE RUMEN

The dynamc nature of the rumen population of mcro organisns enables
the rumnant to successfully adapt to a wide range of diets with the relative
proportions of the various mcrobes changing with the availability'of
substrates and changes in the rumen environnment (Hungate,1966). It is not
surprising therefore to find that when protozoa are removed fromthe runen
there is an increase in the size of the bacterial population to conpensate for
this |oss (Xurihara et al. 1968). The existence of an inverse relationship
between bacteria and protozoal numbers is due not only to the direct
conpetition for nutrients and space but also to the predatory activity of the
protozoa (Colenan, 1975). As with other types of manipulations it is not
possible to examne the effect of defaunation in isolation, so that a
conparison between faunated and defaunated aninmals is, in effect, a conparison
of the metabolismof the protozoa and the displaced bacteria. It is also
apparent that changes in fungal popul ations associated with defaunation my
al so be inportant.
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The rumen ciliates are proteolytic producing amonia and amno acids as
end products (Warner,1956). Their N netabolismis based largely on the
di gestion of engulfed bacteria (Coleman, 1975) al though all rumen ciliates
contain enzymes capable of digesting plant proteins (Coleman, 1983). The
utilisation of these protein substrates is inefficient as a significant
proportion of the total amount engulfed by the protozoa is excreted as amno
acids (Col eman, 1975). Degradation of protein or amino acids of mcrobial
origin reduces the net yield of microbial amno acids available for intestinal
di gestion and hence the net efficiency of mcrobial growh. Further, a large
proportion of the protein incorporated in the bionmass of protozoa in the rumen
may not be available for digestion in the intestines. Direct enuneration of
protozoa in the rumen fluid entering the omasum (Wl ler & Pilgrim 1974, Bird
et al. 1978), the concentration of a protozoal marker (phosphatidyl choline)
in abomasal digesta (Neill et al. 1979) and measurenent of the turnover rates
of the protozoa (Leng et al. 1981, Leng, 1982) all indicate a |low outflow rate
of ciliates fromthe rumen in relation to their concentration in the rumen.
The studies of Leng et al, (1981) and Leng (1982) show that a | arge proportion
of the ciliates conplete their life cycle within the rumen. The apparent
turnover of protozoal protein was calculated to be 0.670f the total protein
synt hesi sed by protozoa in the rumen of sheep, with only 0.33 of the protein
in the protozoal bionmass |eaving the rumen (Leng, 1982). The synthesis of
protozoal nitrogenous conpounds and their breakdown in the rumen therefore
contribute considerably to the N recycling wthin the rumen.

Wiile there is strong evidence indicating protozoa are retained in the
rumen, it is obvious that some protozoa move to the |ower digestive tract.
The proportion of protozoal biomass which |eaves the rumen appears to vary
according to diet and protozoal species and in sonme instances has been
reported to make a substantial contribution to the microbial conponent in
duodenal digesta (Smith et al. 1978, Chanberlain & Thomas, 1979, Punia &
Leibholz, 1984). However since Lindsay and Hogan (1972) reported that
defaunation was associated with an increase in the flow of total non-amonia
N(NAN) and bacterial N at the abomasum of sheep, simlar studies have
confirmed these findings and the flow of NAN and microbial N fromthe
defaunated rumen was always greater than the flows of protein fromthe
faunated rumen (Table 1). More recently Veira

Tabl e 1. A conparison of flows of mcrobial N and NAN into the intestines
of faunated and defaunated sheep

N faunated defaunated Benefit from
animals sheep sheep defaunation
ZN/d gN/d z
Total lon-
Ammonia-N¥ 22 21 26 26
(range) ' (16-29) (17-32)
Microbial N¥* 18 15 17 19
(range) (12-15) (15-18)

# Mean values obtained from numerous authors

et al. (1984) neasured the flow of amino acids to the stomach of

def aunated sheep, then follow ng inoculation of these animals with
protozoa continued to measure anino acid flows. The flow of amino acids
to the stomach was significantly decreased when sheep; defaunated from
birth, were inoculated with protozoa (Figure 1), It is apparent from
this discussion that nmore protein should be available fromthe
protozoa-free rumen,
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the inoculation of protozoa into the rumen of protozoa-free sheep
(Veira et al. 1984)

[11.  FIBRE DIGESTION I N THE RUMEN

Feed intake is often the primary factor limting 'the productivity of
grazing animals and therefore any procedure which stinulates feed intake is
likely to be highly beneficial. Wile apetite control in rumnants is conplex
(Baile, 1975) bul k-distension of the rumen i s considered to have a doni nant
influence on feed intake of animals consunming relatively indigestible
forages. Therefore increasing the rate of fibre digestion should be a prine
obj ective of rumen mani pul ati on.

Al t hough Hungate (1975) suggested that the amount of cellul ose digested
by the protozoa was likely to be small in conparison with the bacteria, it is
apparent that in some situations the ciliates make a significant contribution
to fibre digestion in the rumen (Jouany & Senaud, 1979). The effects of
defaunation on fibre digestion in the rumen Will be influenced by the enzyrmic
activity of the protozoa relative to that of the bacterial and fungal
popul ati ons that replace the protozoa. Cooperative and conpetitive
interactions between the respective microbial populations and changes in rumen
environnent associated with defaunation are also discussed.

A nunber of enzymes that degrade plant cell walls have been isolated
from cell-free extracts of rumen protozoa (Orpin,1984). The enzynes, and
their activity vary with protozoal species (Col eman, 1983) and therefore the
pol ysaccharase activity of the total population of rumen ciliates varies
according to the species present. Cbviously the protozoal can only be
important in fibre digestion per_se when they nake a significant contribution
to the mcrobial biomass in the rumen.

Both cooperative and conpetitive interactions between nicroorganisns
have been identified in the rumen (Baldwin & Allison, 1983) and therefore it
is not sufficient to consider the activity of one group of organisns in
isolation. For exanple it is well known that two or nore bacterial species
nay function as a consortium w th one species growing on the end products of
met abol i sm of another species and these associations appear to be highly
beneficial (see Wolin, 1979). Wile little is known about interactions
between bacteria and protozoa, beneficial associations between these organisns
cannot be discounted. Yoder et al. (1966) reported a synergistic interaction
between bacteria and _Epidinium spp. (rumen ciliate) during the digestion of



cellulase in_vitro, and the addition of the ciliate_Polyplastron
multlvesmulatgg 0 a defaunated sheep increased the cellulolytic activity of
the bacteria (Jouany & Senaud, 1979).

The predator-prey relationship between protozoa and bacteria is an
obvi ous exanple of a conpetitive interaction in the rumen. Wether this
interaction influences rate of fibre digestion in the rumen will be determnined
by the relative activities of the protozoa and bacteria. It has been
suggested that the predatory activity of the protozoa is unlikely to alter the
conmposition of the bacterial popul ation (Hobson & Wl | ace, 1982) although in a
recent study Orpin and Letcher(1984) reported that the popul ation of bacteria
in the fluid phase increased markedly follow ng defaunation while the
population of bacteria associated with the fibre fraction of digesta remained
unchanged: This suggests that the predatory activity of the protozoa was
confined to the fluid phase bacteri a.

Recent studies have indicated that the interaction between the ciliates
and the phyconycetous fungi may also be inportant as there appears to be an
inverse relationship between their relative population sizes. Wile the
activity of the fungi relative to the protozoa and bacteria is uncertain, it
is likely that fungi have a significant role in the digestion of fibre in the
ruzen. Large popul ations of fungi rapidly colonise plant naterial entering
t he rumen (Bauchop, 1981) and they are capabl e of digesting a w de range of
plant cell wall conponents (Orpin & Hart, 1980). The invasion of plant
material by the fungi results in a decreased tensile strength of fibre (Akin
et al. 1983) and an increased fragnentation of plant tissues allow ng greater
access for other organisns (Bauchop, 1981), and may increase the rate of
di gestion and removal of the indigestible fibre fraction from the rumen,
al | owi ng increased intake.

The life cycle of the anaerobic fungi consists of two distinct stages; a
non notile vegetative formand a nmotile flagellated form (zoospore) whi ch can
move freely in rumen |iquor. The zoospores are likely to be subjected to
predation by the protozoa. Wile enumeration of a particular stage in the
life cycle of the fungi is likely to be a poor index of the extent of the
fungal popul ation (Bauchop 1981), currently there are no other methods of
determ ning fungal biomass. The nunber of fungal zoospores in the rumen
appears to be greater on high fibre diets than on high concentrate diets which
is the reverse of the cofonisation of the rumen by ciliates (Orpin,1984). On
the basis of these findings, Orpin(1984) suggested that protozoa and fungi
may be *conplenentary* in the rumen, but recent defaunation studies carried
out in our laboratories indicate a conpetitive interaction between these
organi sms, The concentration of viable zoospores in rumen fluid collected
fron defaunated sheep was two to five fold higher than in rumen fluid
coll ected from faunated sheep given high roughage diets (Soentanto et al.

1984; Romul o et al. 1984) and from weaner |anmbs grazing pasture (Bird & Leng,
1984) (see Table 2). Viable zoospore counts were determned fromin vitro

i ncubation of diluted rumen fluid (Joblin,1981). The results from the
roughage-fed animals were al so supported by sporangia counts on wheat-stem
material held in the rumen Of these animals (Soetanto et al. 1984; Ronulo et
al . 1984),

The apparent increase in size of the fungal popul ati on in .the defaunated
sheep was associated with an increased digestibility of dry matter (determ ned
in sacco) in the rumen (see Table 3). The digestion of cotton wool in nylon



Tabl e 2. Vi abl e zoospore counts determned fromin_vitro incubation of
diluted rumen fluid collected from faunated (+P) and
defaunated (-P) sheep

Diet Viable Zoospores (X10-3/ml)
faunated sheep defaunated sheep
(+P) (-P)
Wheat straw 3 17 Soentanto et al. 1984
Anmoniated wheat straw 7 16 Romulo et al. 1984
Wheat straw y 12 Romulo et al. 1984
Native pasture 7 30 Bird et al., 1984

Tabl e 3. Di sappearance of dry matter fromnylon bags held in the rumen of
faunated (+P) and defaunated (-P) sheep given untreated or
amoni ated straw (NH,-wheat straw) diets supplemented with or
Wi t hout 150 g/d lucefne (Romulo et al . 1984)

Diet ilaterial in bag Dry Matter Disappearance %
0-4 hours 0-24 hours
+P -P +P -P
a b
NH, wheat NH. wheat 15 20 39 43
straw stgaw
NH, wheat NH, wheat 16 19 4y 50
straw+lucerne st%aw
Wheat straw Wheat straw 5 6 26 29
Wheat straw Wheat straw 6 8 312 34b
+ lucerne

Values with different superscripts are significantly different at P<0.05.

bags was al so higher in defaunated sheep which indicates a higher cellulase
activity in the rumen of these animals relative to the faunated sheep. It is
suggested that the higher digestibility of fibre was due to changes in the
activity of the bacteria and/or the fungi.

Qur findings appear contrary to earlier work (Christiansen et ai., 1965)
which indicated that, in the absence of protozoa, the apparent digestibility
of organic matter in the rumen was |ower. However the early work was carried
out with animals sustained on diets containing high anounts of starch-based
concentrates whereas the diets used in our work contained little or no soluble
carbohydrate, A South African group (Henning et al. 1980) suggested t hat
starch, or sugars derived fromstarch, may inhibit the activity and/or the
synthesis of bacterial cellulases in the rumen. As protozoa rapidly
assimlate starch and soluble sugars, their renoval fromthe rumen may result
in an increase in the concentration of these carbohydrates and accentuate the
inhibition of fibre digestion.



The above discussion highlights the interactive nature of the rumen
ecosystem. |rrespective of the rationality of the manipulative procedure, the
changes in the rumen and in production are not readily predictable. It is
therefore desirable to test the effects of defaunation on productivity of
animals in pen feeding and grazing systens,

V. PRODUCTIVITY OF FAUNATED AND DEFAUNATED SHEEP

From a theoretical viewpoint it appears logical that nore protein should
be available from the protozoa-free rumen. Qur initial work therefore
exam ned the effect of defaunation on the productivity of young ruminants
given diets containing suboptimal |evels of protein. Defaunation was
associated with marked increases of growh rates of cattle (Bird & Leng, 1978)
given a diet of straw, nolasses and urea, and with higher growth rates of
lamos (Bird, Hill & Leng, 1979) given a diet of oaten chaff, sugar and urea.
More significantly defaunation consistantly increases wool production (Bird &
Leng, 1978) and over a 6 nonth period ciliate-free sheep grew 37% nore wool
than their faunated counterparts (Bird & Leng 1984b). This was strong
evidence that defaunation increased the amount of protein which is available
for intestinal digestion since wool growh is highly sensitive to amno acid
absorption (Reis & Schi nckel, 1961).

These results were obtained in studies where animals were given
specialised diets (ie. rich in soluble CHO to pronote |arge protozoal
popul ations but low in protein). Mre recent studies now suggest that
beneficial responses to defaunation may be obtained over a w der range of
dietary regimens. Over an 84 d period defaunated hoggets grazing green oats
had a faster rate of body weight gain (23% and higher wool growth rate (19%)
with respect to faunated animals (Bird & Leng, 1984a). This work was foll owed
up by a three year study with ewes grazing inproved native pasture, six
paddocks were grazed in a 6 x 21 d rotation. Pasture growh was very poor in
the first year (drought conditions) but was above average and of apparent high
quality in the two subsequent seasons. In the first year the ewes were
treated for the elimnation of protozoa after joining but unfortunately smal
popul ations of ciliates were detected in the defaunated group of animals in
the 10th week of the experimental period. The sane procedure was followed in
the second year and the treated ewes remained free of ciliates for the
remaining 18 nonths of the trial. The overall results suggest that
defaunation inproves the productivity of young animals under grazing
conditions (Table 4) which was consistent with the results of the earlier
st udy

Table 4. Wool growth rate and bodywei ght gain of faunated (+P) and
def aunat ed (-P) sheep grazing native pasture
No. of Study Body wt gain Wool
growth
Year animals period (g/d) (g/d)
(wks) +P =P +P =P
- A B
Ewes 1982 32 23 -48 -48 3.6 by
1983 39 23 67 73 6.6 7.0
1984 37 52 8 0 7.5 7.5
Weaner a b
lambs  1983/84 49 16 85a 98b 7.2A 7.6B
1984/85 62 19 88 110 4.9 5.5

Values with different superscripts are significantly different at P<0.05.



(Bird & Leng, 1984a). The only beneficial response observed in the defaunated
ewes was the higher wool growth recorded in the drought year. It is possible
that the additional protein that was available for digestion in the defaunated
ewes was used for the maintenance and growth of the foetus rather in for wool
growth. The birthweight of the lanbs born to defaunated ewes tended to be
higher (Table 5). It is inportant to note that while defaunation was not

al ways associated with a positive response there were no apparent negative
effects

Tabl e 5. Birthweight of |anbs born to faunated (+P) and defaunated
(-P) ewes
Year Lamb birthweight
(kg)

+P -P

1982 Single 4.8% 5.4°
Twin 3.6 3.8
1983 Single 5.5 5.4
Twin .y 4.3

1984 Single 5.2° 5.7°
Twin 4.y 4.6

Values with different superscripts are significantly different at P<0.05

As a result of the in sacco digestibility studies (see Table 3) it
becane apparent that increases in the anount of protein available for
digestion may not be the only benefit derived fromthe removal of ciliates
fromthe rumen. Recently a pen feeding study was established to exam ne the
effects of defaunation on the productivity of lanbs (9 nonths of age) given
low quality roughage diets. There were two basal rations, wheat straw and
armoniated wheat straw, and each ration was supplemented with 150 g/d | ucerne
chaff. The untreated wheat straw rations were supplenmented with an additiona
14 g/d of urea and all rations were supplied with adequate mnerals and
vitamins. The results are given in Table 6. Intake of the untreated straw by
the defaunated |ambs was substantially higher, presumably because of the
greater digestibility of fibre in the rumens of these animals. In contrast
intake of the treated straw (unsupplenmented ration) was |ower in the
defaunated animals and simlar for both groups of animals when |ucerne was
included in the ration. This result was unexpected as the in sacco study had
indicated that the digestibility of treated straw was also higher in the
defaunated aninals. Wile these results are inconclusive they do suggest that
defaunation may be an inportant neans of increasing intake of |[ow quality
roughage.



Table 6 Bodywei ght change and feed intake of faunated (+P) and
def aunat ed (-P) hoggets given an untreated or an ammoniated
wheat straw supplemented with or without 150 g/d |ucerne (10

week study)
Diet Intake of Wheat Straw Bodyweight change
(g/d) (g/d)
+P -P +P -P
Wheat straw 410 490 ~70 ~61
Wheat straw + lucerne 3‘75a 560b =20 -2
NH3 wheat straw 780 695 32 14
NH, wheat straw
+~lucerne 735 735 59 72

Values with different superscripts are significantly different at P<0.05

V. CONCLUSI ON

Mani pul ation of rumen fernentation through the renoval of the ciliate
popul ati on appears to have considerable potential for inproving run nant
productivity. However while the interaction between bacteria and protozoa
apparently reduces the amount of protein available for intestinal ingestion,
other changes in the rumen ecosystem dietary reginens and physiological state
of the animal will influence the response to defaunation. For instance the
growth rate of lanbs consumng a high quality diet rich in concentrates
(starch-based) was |owered by defaunation (Christiansen et al. 1965) and it is
thought that this may be due to a |ower digestion of fibre in the rumen of the
defaunated animals. In contrast the digestion of low quality forages was
hi gher in defaunated animals (Soentanto et al. 1984; Ronulo et al. 1984) and
the intake of wheat straw by unfaunated |anbs was considerably higher than
their faunated counterparts. A conpetitive interaction between the fungi and
protozoa is indicated in these studies. These findings may have inportant
inplications, as the utilisation of crop residues and agro-industrial wastes
by rumnants assunmes greater significance. Beneficial responses to
defaunation have been demonstrated in grazing aninals, particularly in young
animals. \Wile an increased wool production is perhaps the nmost inportant
response to defaunation, the faster growth rate of young animals may result in
the juvenile females reaching maturity at an earlier age and increase
conception rates of maiden ewes which are traditionally |ow under Australian
condi tions.

The application of this technology is dependent upon the devel opnent of
a specific protozoal toxin which unfortunately is not inm nent
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