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Summary

Our experiments on metabolic processes in the rumen were performed on sixteen 5-month-old lambs
divided into 4 groups (defaunated - D, totally refaunated - T, partially refaunated - P and intact - I). The
absence or presence of protozoa in the rumen did not significantly affect the pH values. The greatest
differences in NH3 concentration in the rumen before feeding were found between the T and D group
(P<0.05). The animals of the T and I groups had higher NH3 concentrations than the D and P groups 1-5
hours after feeding (P<0.05 to P<0.001). Blood urea concentrations before and after feeding were
significantly higher in the group I compared to the other groups (P<0.05 to P<0.001). Significant
differences in the total nitrogen in rumen fluid were only found between groups D and I. The values of
protozoan nitrogen in the rumen and their mutual relationship among the groups could be expressed by
the following ratios: I>T>P>D. Proportions of the values of bacterial nitrogen followed in this order:
D>P>T>I. The animals in group D had a significantly higher level of residual nitrogen than those in the

other groups (P<0.05).
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Introduction

The ruminal content in ruminants is a complex
mixture of the consumed feed and microorganisms.
The microbial biomass is represented by bacteria,
protozoa and fungi. Bacteria. are the major and
essential part of the biomass. The relative number of
protozoa in the rumen is lower than the number of
bacteria but their proportion in the microbial volume is
40—80 % (Harrison and McAllan 1980). Bacteria and
protozoa participate in the hydrolysis of proteins but
they differ in the process of degradation. About 40 %
of the ruminal bacteria are proteolytically active. Their
proteases are located on the external side of the
bacterial membrane and they are easily liberated. Thus
the process of proteolysis occurs on the bacterial cell
surface.

Ciliata actively participate in ruminal digestion
(Amos and Akin 1978, Demeyer 1981). The effect of
protozoa is especially notable in the case of digestion of

insoluble proteins and bacterial proteins (Ushida and
Jouany 1985, Ushida et al. 1984, 1986, Hino and Russell
1987, Wallace 1989). Although protozoa extensively
participate in ruminal digestion, they are not essential
for the host and they may be removed from the rumen
(Hungate et al. 1971, Weller and Pilgrim 1974, Leng
1982, John and Ulyatt 1984) and they apparently do not
contribute to postruminal nourishment.

The fact that ruminal protozoa do not have to
be a part of the ruminal heterogeneous microbial
population, evoked interest in their relevance for the
process of digestion. A major proportion (50—80 %) of
the protein entering the small intestine of ruminants is
of microbial origin. During this transformation,
significant recirculation of protein nitrogen between
protozoa and bacteria occurs which could be classified
from the host’s side as energetic loss.

Defaunation therefore appears to be a suitable
way of manipulating ruminal fermentation which can
restrict the degradation of dietary proteins in the
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rumen as well as their increased "bypassing" into the
duodenum. This possibility was also supported by the
findings of Bird and Leng (1978) and Bird et al. (1979)
who observed a positive effect on the growth rate of
defaunated animals.

Inspired by both positive and negative
reactions to defaunation of ruminants in relation with
the utilization of food found in the literature, we
carried out some experiments in which we investigated
the influence of defaunation, total or partial
refaunation on some factors of nitrogen metabolism in
male lambs.

Material and Methods

The experiment was carried out on sixteen
S-month-old lambs of (21.8 to 239 kg b.w.) with
ruminal fistulas. Each animal was fed a diet of 600 g
pasture hay, 300 g supplementary mixture for lambs
and 100 g dried sugarbeet pulp. The daily ration was
850 g dry matter, containing 79.2 g digestibility N
substances, 0.48 starch units and 197 g fibres per
individual sheep per day. A mineral mixture was given
according to the CSN-467070. The lambs had free
access to water and salt. The animals were divided into
four groups (D, T, P, I) and were fed twice daily. Every
group consisted of four lambs. They were housed in
separate pens which allowed no contact between
animals.

In the first period, the twelve animals of
groups D, T and P were defaunated with Manoxol OT.
Before the application of Manoxol OT the animals
fasted. In the fourty-eighth and seventy-second hour of
the fasting the animals were intraruminally given 0.1 g
Manoxol per kg body weight. The dose of Manoxol was
dissolved in 50 ml distilled water heated up to 39 °C.
The success of defaunation was regularly controlled.

After 21 days of defaunation the animals of the first
group (D) were defaunated. The second group (T -
totally defaunated lambs) was refaunated by 200 ml
ruminal content per lamb, gained from the intact (I)
group. The defaunated animals of the third group (P -
partially refaunated) were inoculated with a
monoculture of protozoa of Epidinium ecaudatum
caudatum in the amount of 2100 individuals per animal.
Epidinium ecaudatum caudatum was isolated by
Coleman’s method (1978). In the course of the
subsequent three weeks the state of defaunation or
refaunation was checked. After the period of
adaptation, we took samples at hourly intervals before
feeding up to the 5 hours after feeding.

The pH values in the ruminal contents were
measured with a pH-meter (Radelkis) and the
ammonia content was assessed by the micromethod of
Conway and O’Malley (1942). The level of total,
protozoal, bacterial and residual nitrogen in the rumen
content was determined in the filtered ruminal fluid.

To obtain the protozoal suspension we
centrifuged the ruminal fluid at 200xg for 2 min (1350
rpm). We washed the sediment with McDougall’s
solution and repeated the centrifugation until the
vegetable residues had been removed entirely. The
protozoal sediment was used for the measurements.
The bacterial nitrogen fraction was taken from the
ruminal fluid after centrifugation at 1000xg (3000 rpm)
for 2 min. The supernatant was collected and
centrifuged at 20 000xg for 60 min. The sediment was
used for measuring the bacterial nitrogen fraction and
the supernatant for assessing the residual nitrogen. The
values of nitrogen were measured by an automatic
nitrogen analyzer Macro N FOSS-Heraeus.

The results were expressed as means+S.E.M.
The statistical significance was assessed by Student’s t-
test.
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Fig. 1
The pH of rumen contents in lambs. 4 -
Defaunated lambs (open columns),
totally refaunated lambs (hatched
columns),  partially  refaunated
lambs (dotted columns) and intact 27
lambs (full columns). Data are
means+S.E.M.
0
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Results and Discussion

The pH values of the ruminal fluid during the
period of observation are depicted in Figure 1. In a
number of reports (Conrad et al. 1958, Luther et al.
1966, Whitelaw ef al. 1972, Jouany and Senaud 1982) it
is mentioned that the pH of ruminal content is lower in
ciliate-free animals than in faunated animals. In our
experiments on young rams fed a diet consisting of 60
% quality pasture hay, 30 % supplementary mixture for
lamb breeding and 10 % dried sugarbeet slices, we did
not observed any statistical difference in pH values
either before feeding or during a period of 1 to 5 hours

NH3 (mmol/l)

after the feeding among the particular groups. It is not
possible to state the definite reason for the insignificant
changes of pH values which we encountered during the
experiments. We should consider the actual nutritional
conditions and the few weeks’ adaptation of the
ruminal bacterial population to the feeding regime,
which probably play a crucial role both in the
defaunated and partially refaunated animals. Rowe et
al. (1981) and Veira et al. (1984) observed similar
changes in the pH values which were, however,
different under conditions of continual feeding where
the degradation of organic matter had the same course
concerning the ciliate-free and faunated lambs.

20
Fig. 2
Concentration of NH3 in the rumen
15 7 contents in lambs. Defaunated
lambs (open columns), totally
refaunated lambs (hatched
10 columns),  partially  refaunated
lambs (dotted columns) and intact
lambs (full columns). Significantly
different (p<0.05) from: intact
57 lambs — asterisk, totally refaunated
lambs — full square.
Before 3 h
Feeding After Feeding
Urea (mmol/l)
15
104 =*» * * * ol
T T
Fig. 3 T
Concentration of urea in the blood
in lambs. Defaunated lambs (open
columns), totally refaunated lambs 51
(hatched columns), partially
refaunated lambs (dotted columns)
and intact lambs (full columns).
Significantly  different  (p<0.05)
i . 0
from: intact lambs — asterisk, totally Refore 1h 5
refaunated lambs — full square. Feeding R Hacding

The different proportions of the protozoal
population were markedly reflected in the NHj3
concentration in the ruminal fluid (Fig. 2) between the

D and T groups in the period before the feeding
(P<0.05). The NH3 concentration was distinctly lower
in groups D and P compared to the T and I groups,
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during the observation periods, where the significance
varied from P<0.05 to P<0.001. The lowered level of
ammonia in the rumen is the most frequently observed
effect of defaunation in general (Coleman 1980,
Demeyer 1981, Veira et al. 1983, Kayouli et al. 1984).
Leng and Nolan (1984) considered the increased
recycling of microbial protein in the rumen, the
number of bacteria utilizing ammonia and the extent of
degradation of dietary proteins as the probable reasons
for this situation. Demeyer and Van Nevel (1979)
proved that protozoa do not change the entire
spectrum of the bacterial population in vitro. The
absence of protozoa was considered to lower the
overall synthesis of microbial proteins in the rumen.
Ushida et al. (1986) observed significant differences in
the NHj3 levels between defaunated or faunated
animals in relation to the volume of the highly
degradable proteins in contrast to the insoluble
proteins. The animals used in our experiments were fed
a diet of the same composition — 30 % of the feeding
dose was composed of a 300 g supplementary mixture
for lambs. The mixture contained: 17 % wheat bran, 16
% rye bran, 9 % extracted sunflower meal, 25 %
barley, 25 % oat, 2.5 % urea. The supplementary
mixture contributed to more than 53 % of the total
amount of digestible nitrogen substances in the diet.
The presence of protozoa (Schinchi et al. 1986,
Wallace et al. 1987) increases the proteolytical activity
of the microbial population. Their significance is

emphasized by the turnover of the insoluble and
bacterial proteins (Hins and Russell 1987, Wallace and
McPherson 1987). The protozoan ability to metabolize
urea is not clear. Onodera et al. (1977), came to the
conclusion that protozoa are not ureolytical and their
ureolytical activity is dependent on bacteria. Some
authors (Lewis ef al. 1957, Juhéasz 1959, MclIntyre 1970)
reported that the urea concentration in the blood
positively correlated with the amount of consumed
digestible  nitrogen-substances and the NHj3
concentration in the rumen. As has been shown in our
experiment (Fig. 3), the level of urea in the blood was
always higher in the group of intact animals compared
to the other groups during the observation period. The
values of urea concentration in blood withdrawn from
the jugular vein in the totally refaunated group were
significantly higher (P<0.05) than in the D and P
groups three hours after feeding. Since the animals of
all groups in our experiment were fed a diet with
identical amounts of digestible nitrogen-substances, we
suppose that the composition of the ruminal microbial
population is an important factor influencing the level
of urea in the blood. The presence or absence of
protozoa in the rumen may have a direct influence on
blood urea levels. Our finding confirms the assumption
of Leng and Nolan (1984) about the increased recycling
of microbial protein in the rumen during the presence
of protozoa.

Total-N (mmol/l)
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Fig. 4
Concentration of total nitrogen in
the rumen contents in lambs. 150
Defaunated lambs (open columns), *
totally refaunated lambs (hatched T
columns),  partially  refaunated 100 1
lambs (dotted columns) and intact
lambs (full columns). Significantly
different (p<0.05) from: intact
lambs — asterisk. 50 A

0
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The total nitrogen concentration in the
ruminal content was higher in our experiments in intact
animals than in the group of defaunated animals before
(P<0.05) and three hours after feeding (P <0.001) (Fig.
4). The total nitrogen concentration in groups T and P
was higher than in the D group but was lower than in
the I group. Nevertheless, these differences were not
statistically significant. The defaunation of ruminants,

Before 3h
Feeding After Feeding

as reported by Kreuzer et al. (1986) and Veira (1986),
was the cause of changes not only in ruminal
fermentation but also in intermediary metabolism of
the host animal. A generally accepted opinion is that
the degradation of dietary proteins in the defaunated
rumen is lower than in the faunated one, especially in
the case when the dietary source contains insoluble
proteins.
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Protozoal-N (mmol/l)

150
Fig. §
Concentration of protozoal nitrogen
in rumen contents in lambs.
100 Defaunated lambs (open columns),
totally refaunated lambs (hatched
columns),  partially  refaunated
lambs (dotted columns) and intact
lambs (full columns). Significantly
50 7 different (p<0.05) from: intact
lambs - asterisk, totally refaunated
lambs — full square.
0
Before 3h
Feeding After Feeding
Bacterial-N (mmol/])
120
Concentration of bacterial nitrogen 80 I T
in rumen contents in lambs.
Defaunated lambs (open columns),
totally refaunated lambs (hatched
columns),  partially  refaunated :
lambs (dotted columns) and intact 40 A + ' " :
lambs (full columns). Significantly T
different (p<0.05) from: intact ///1 ;4
lambs - asterisk, totally refaunated /% ¢/
lambs - full square, defaunated Y H 7
lambs — cross. 0 Before -
Feeding After Feeding
Residual-N (mmol/l)
50
Fig. 7
40 - Concentration of residual nitrogen
T in the rumen contents in lambs.
T Defaunated lambs (open columns),
30 7 l Ii totally refaunated lambs (hatched
a8 columns),  partially  refaunated
lambs (dotted columns) and intact
207 1 lambs (full columns). Significantly
different (p<0.05) from: defaunated
10 - lambs — cross.
0
Before 3 h
Feeding After Feeding



122  Fejes, Vérady

Vol. 45

Eadie and Gill (1971), discovered significantly
higher concentrations of ruminal ammonia in faunated
animals but they did not see any differences in total
nitrogen or all the fractions of non-protein nitrogen.
Unlike the above cited authors we found certain
significant differences in the values of total, protozoan,
bacterial and residual nitrogen. These differences in
the values of nitrogen fractions observed during our
experiments may be generalized to a certain extent due
to the different proportions of the ruminal microflora
or the presence of protozoa in the rumen. Among the
other factors which might quantitatively or
qualitatively, directly or indirectly influence the level of
nitrogen metabolites in the rumen of defaunated
animals we could include such factors as age of the
animals, their physiological status, way of feeding,
composition of the diet as well as the method of
inducing defaunation or total or partial refaunation.

the fact that in some instances there was a positive
influence of defaunation on the growth rate during low
protein and high energy diets (Bird ef al. 1979). On the
other hand, Van Soest (1982), observed increased
microbial nitrogen synthesis in the rumen of fauna-free
sheep fed on purified diets. The reasons for the
controversial results published in the literature are
probably in the adaptation and regulatory mechanisms
of the host and in the routes of their utilization
depending on the physiological status in the actual
nutritional environment, while the composition of the
diet, as our findings have already indicated, is one of
the dominant factors.
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Defaunation is one of the various possibilities
of manipulation with ruminal fermentation. In spite of
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