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Digestion of a dehydrated lucerne/barley diet (70:30)
in defaunated, Isotricha-monoinoculated
and mixed-fauna-inoculated rumen in sheep
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Summary &horbar; Two adult Texel sheep fitted with permanent rumen fistulae were defaunated for 12 weeks
in a preliminary experiment. They were then reinoculated with Isotricha sp for 11 weeks, and finally
with a mixed fauna (Entodinium, Epidinium, Eudiplodinium and Isotricha) for 10 weeks. They were fed
a diet composed of dehydrated lucerne (700 g/d), pelleted barley grain (300 g/d), grass hay (100 g/d)
and wheat straw (50 g/d) in one daily meal. Isotricha and the ciliates of the mixed fauna developed
rapidly, reaching a maximum concentration 9-17 d after inoculation. Their concentration then fell for
2-3 d and finally stabilized at values close to 10
/ml for Isotricha, Eudiplodinium and Epidinium and
4
2.5 x 10
/ml for Entodinium. The estimated ciliate biomass in the rumen was 1.8 g I-! for a volume of
5
1 in mixed10.2 mll1 in the /sotricha-monoinoculated sheep and 4.7 g I-! for a volume of 25.0 mllfauna-inoculated sheep. The concentration of Isotricha was unaffected by the inoculation of mixed fauna
during the third part of the experiment. No difference in total rumen bacteria counts was observed
between defaunated, monoinoculated and completely refaunated animals. The total adenylic nucleotide
concentration in filtered rumen juice was 4 times higher in faunated sheep just before feeding and 4-9
times lower after feed intake as compared to defaunated animals; the energy charge was always
higher in faunated animals. These results are discussed in relation to the digestive activity and
biomass of the protozoa. The in situ degradation of lucerne stems was the highest in the mixed-faunated sheep over a retention time interval of 6-18 h. The values obtained in Isotricha-monoinoculated
sheep were intermediate between the defaunated and the mixed-faunated states. The digestibility in
the whole digestive tract of dietary dry matter, organic matter, nitrogen and neutral detergent fibre was
unaffected by the addition of either Isotricha or the mixed fauna in defaunated rumens. The total
volatile fatty acid concentration was higher (p < 0.05) in the defaunated sheep between 6 and 18 h after
feeding. The molar proportion of butyrate was significantly (p < 0.05) increased by the presence of mixed
fauna in the rumen while that of propionate and valerate was lower. A non-significant decrease in
acetate was also observed. The concentration of NH
-N in the rumen was significantly increased
3

(p < 0.05) by the presence of the mixed fauna in the rumen but was unaffected or slightly reduced by
Isotricha alone. This result is discussed in relation to nitrogen utilization in ruminants.
rumen
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Résumé &horbar; Digestion d’une ration composée de luzerne déshydratée et d’orge (70:30) chez
des moutons défaunés, monoinoculés avec Isotricha et inoculés avec une faune mixte. Deux moutons adultes de race Texel, munis de fistules permanentes du rumen, ont été défaunés pendant la première période, puis inoculés avec Isotricha sp pendant la seconde période, et finalement avec une faune
mixte composée d
e période. Ils ont reçu
ntodinium, Epidinium, Eudiplodinium, Isotricha pour la 3
e
une ration composée de luzerne déshydratée (700 gr), d’orge, de foin de Graminées (100 gf) et de paille
de blé (50 g4j) en un seul repas par jour. Isotricha et les ciliés de la faune mixte se sont développés rapidement, atteignant un maximum 9-17 j après leur inoculation. Leur concentration a ensuite baissé
/ml pour Isotricha, Eudiplo4
pendant 2 à 3 j et s’est finalement stabilisée à des valeurs proches de 10
dinium et Epidinium et2,5 5
x ml
/
10 pour Entodinium. La biomasse des ciliés était de 1,8 g rI pour un
volume de ?0,!m//’’ chez les animaux monoinoculés avec Isotricha et 4,7g 1
g t- pour un volume de 25,00
mi rI chez les animaux à faune mixte. La concentration dlsotricha n pas été modifiée par l’introduction
de la faune mixte au cours de la 3e période. Il n y a pas eu de différence dans la concentration des bactéries totales entre les 3 périodes. Comparée à celle des animaux défaunés, la concentration en
nucléotides adényliques totaux dans le jus de rumen filtré grossièrement était 4 fois plus élevée chez
les animaux faunés juste avant le repas et 4 à 9 fois plus faible après le repas. La charge énergétique
était toujours plus élevée chez les animaux faunés. Ces résultats sont discutés en relation avec l’activité digestive et la biomasse des protozoaires. La dégradation in situ des tiges de luzerne était plus
élevée chez les animaux faunés dans l’intervalle du temps de séjour de 6 à 18 h. Les valeurs obtenues
chez les animaux inoculés par Isotricha étaient intermédiaires entre celles mesurées chez les animaux défaunés et les animaux à faune mixte. La digestibilité de la MS, MO, N, NDF n’a pas été affectée par l’addition des ciliés chez les animaux défaunés. La concentration en AGV totale était supérieure
(P < 0,05) chez les animaux défaunés entre 6 et 18 h après le début du repas. La proportion molaire
de butyrate était significativement (P < 0,05) accrue par la présence d’une faune mixte dans le rumen
tandis que celle du propionate et du valérate était plus faible. Une diminution non significative de
l’acétate a été observée chez les mêmes animaux. La concentration en N-NH
3 dans le rumen était significativement augmentée (P < 0,05) par la présence d’une faune mixte dans le rumen, mais n’a pas été
affectée ou a légèrement diminué chez les animaux monoinoculés avec Isotricha. Ce dernier résultat
est discuté en relation avec l’utilisation de l’azote par les Ruminants.
rumen
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INTRODUCTION
Studies carried out over the last 10 years
on the effect of protozoa on the rumen
metabolism have clearly demonstrated that
defaunation increases the flow of both
dietary and microbial proteins in the duodenum (Veira etal, 1984; Ushida etal, 1986;
ltabashi et al, 1989). However, the effect of
protozoa on plant cell-wall degradation is
still under debate (Veira, 1986; Punia etal,
1987; Ushida et al, 1987; Ushida et al,
1991According to Ushida et al (1991the

effect of protozoa on the stimulation of cellwall carbohydrate digestion is enhanced by
the addition of large amounts of starch to
the diet. In this context, the real impact of
protozoa on the other components of the
rumen ecosystem (bacteria and fungi) and
their energetic state has not been extensively studied as yet.
Most studies on the role of protozoa
have compared digestion in conventional
animals with that of animals in which the
rumen protozoa were first removed (defaunated). The inoculation of the single genera

Isotricha in

previously defaunated sheep

represents an interesting intermediate status for study. Bird and Leng (1978, 1984)
and Bird et al (1979) showed that elimina-

tion of fauna from animals fed sugar cane or
molasses, which renders the holotrichs
dominant in rumen fauna, significantly
improved animal performances. Furthermore, Jouany et al (1992) observed in vitro
that protein degradation to the NH
-N stage
3
decreased by 15-45% when a mixed fauna
was replaced by Isotricha alone in the

viously prepared according to the method
described by Jouany (1978). The second experimental period started 5 weeks after the Isotricha
were established. At the end of this second period
an inoculum containing a mixture of the genera
Entodinium, Eudiplodinium and Epidinium was
withdrawn from 3 different sheep, each of which
had been monoinoculated with 1 of the genera,
and was introduced into the rumen of the 2 sheep
previously monoinoculated with Isotricha. Measurements for the third period began 4 weeks
after the mixed ciliate population was stabilized in
the

rumen.

rumen.

The aim of this study was to determine
the effect of Isotricha alone or a mixed fauna
on the bacteria population and its metabolic
activity. The latter was estimated from measurements of energy charges and the concentration of the end products of fermentation
in animals fed 1 daily ration of an energyrich diet that favoured protozoal growth and
resulted in unstable rumen conditions (pH,
volatile fatty acid (VFA) and NH
3 concentrations). The impact of the protozoa of the
cellulolytic activity of rumen microbes was
measured in situ using a graminae and a
legume as substrates. The deaminating
activity of rumen microbes is discussed in
relation to the NH
-N concentration.
3

MATERIALS AND METHODS

Animals
Two adult male Texel sheep weighing 73 kg
(sheep A) and 75 kg (sheep B) were fitted with
wide rumen cannulae (75 mm inside diameter)
and used in this study. Their rumen was defaunated for the first experimental period according
to the method described by Jouany and S6naud
(1979). Measurements began 6 weeks after completion of the defaunation treatment.
At the end of the first period, 100 ml of rumen
content containing 2.5 x 10
5 Isotricha prostoma
introduced into the rumen. Donor animals
monoinoculated with I prostoma had been pre-

was

Feed
The sheep were fed 1 daily ration composed of
700 g dehydrated pelleted lucerne, 300 g pelleted barley gain, 100 g chopped natural meadow
grass hay and 50 g chopped wheat straw, given
as a heterogeneous mixture in a single meal at
9.00 am. Dry matter (DM), organic matter (OM)
and nitrogen (N) contents in the total diet were
920 g/kg fresh matter, 910 g/kg DM and 24.5 g/kg
DM respectively. The ration was totally ingested
in 20 min. Water and salt licks were available ad
libitum.

Measurements
The ciliates were counted using a Dolfuss cell
onto which was placed 0.05 ml of the liquid that
was obtained by manually squeezing rumen contents through a metal gauze with a mesh size of
1 MM
. The entire cell was evenly covered with
2
Hungate solution and counting was made through
a binocular magnifier (x 80).
To calculate the volume of ciliates in the
rumen, the mean volumes of large (Eudiplodinium, Isotricha), medium (Epidinium, some
Entodinia) and small ciliates (small Entodinia)
were taken to be 10
5 and 10
4 pm
, 10
6
3 respectively (Warner, 1962; Williams and Coleman,
1992). The corresponding biomass was calculated from the estimations of Leng et al (1981)
and Broad and Dawson (1975): 17.8 mg DM/10
5
cells for large ciliates; 2.0 mg DM/10
5 cells for
5 cells
medium-sized ciliates; and 0.25 mg DM/10
for small ciliates.
Plant cell-wall degradation in the rumen was
characterized by the in situ technique. Two

were used, 1 for the cell walls of graminae (the same wheat straw used in the diet),
and the other for leguminous cell walls (lucerne
stems). Lucerne stems were obtained from
lucerne harvested late in dry conditions and were
different from the lucerne in the diet. The sub-

substrates

ground through a 4 mm screen; only
particles larger than 160 p were placed in bags
after sieving (3 g per bag measuring 5 x 10 cm
each). These bags were made of woven fabric
with a mesh size of 95 w (Ankon Co, New York,
USA). The bags were immersed in water at 39°C
for 10 min to eliminate soluble material and physstrates were

ical losses of substrate and to facilitate the passage of microorganisms. They were then placed
in the rumen for 6, 12, 18, 24 and 48 h for wheat
straw, and 3, 6, 12, 18 and 24 h for lucerne
stems. Bags were washed for 5 min in water at
10°C using an electric washing machine. Washing cycles were repeated 4 times, until the water
was clear. Bags were then dried at 80°C for 48 h.
Measurements were repeated to obtain at least
4 values per point per sheep. Neutral detergent
fiber (NDF) content of wheat straw and lucerne
stems before and after in situ degradation was
determined according to Van Soest and Wine

(1967).
The in vivo digestibility of the diet was measured by monitoring the amounts ingested and
the total faeces collected over a period of at least
7 d.
The pH and redox potential of the rumen fluid
measured immediately after sampling with
a Schott-Gerate CG-817-T pH meter (6238
Hofheim, Germany), fitted with a 1042A electrode
for the pH and a Pt-42-A electrode for the redox
potential. The electrode for redox potential was
calibrated with a standard solution (34.3 rH from
Bioblock Scientific, France) just before the measurements were taken in an oxygen-free cell as
described by Prévot (1990). Redox potential
determinations on rumen samples were made
rapidly after sampling in the same conditions.

The bacteria were counted after staining with
acridine orange. This method is widely used in
hydrobiology (Bergstr6m et al, 1986) and was
adapted for the rumen by Prévot et al (1988).
The bacteria are green when double stranded
nucleic acids (DNA) predominante, and red when
the single stranded nucleic acids (RNA and denatured DNA) are more abundant. The bacteria from
the sample undergoing analysis were collected
on microfilters previously treated with lrgalan blue
and then mounted on slides. These were then
examined through a light microscope for epifluorescence

(Pr6vot, 1990).

The adenylic nucleotides (ATP, ADP, AMP)
were extracted by DMSO (Jakubczak and Leclerc,
1981) under cold conditions (5 min at room temperature, then preserved in liquid N
) until analysis
2
by bioluminescence using a Lumac Biocounter
M 2500 nucleotimeter (Perstorp, Paris, France),
with the luciferin-luciferase system extracted from
the firefly (buffered dried firefly extract) (Sigma,
38299 Saint-Quentin-Fallavier, France) as
described by Strehler and Totter (1954). The
luciferase causes the luciferin to oxidize and
thereby emit a number of photons proportional
to the quantity of ATP involved in the reaction.
The ATP is assayed directly, while the ADP and
AMP are converted into ATP by enzyme action
before assay. AMP was converted to ADP by
adenylate kinase (Myokinase Sigma), and ADP
into ATP by pyruvate kinase (SIGMA) according
to the following equations (see Pradet, 1967):

were

Total VFAs were assayed by gas-liquid chromatography, according to Jouany (1982), on 9 ml
samples mixed with 1 ml of 5% (w/v) orthophosphoric acid and stored at -20°C. The samples
taken from the
after feeding.
were

Ammonia

rumen

0, 3, 6,

nitrogen (NH
-N)
3

12 and 18 h

was

assayed

to the Van Eenaeme et al (1969)
method, with a Technicon autoanalyser in 2 ml
of rumen fluid mixed with 8 ml of 12.5% (w/v)
NaCi. The samples were stored at -15°C.

according

adenylate kinase

AMP

+

ATP

ADP

+

phosphoenolpyruvate

vate kinase
ru
py

) >
K+
,
g2+
(M

The method was adapted to
Bohatier et al (1992).

Mg2
(
)

ATP

pyruvatee

+

rumen

ADP
2

conditions

by

The energy charge [EC (ATP + 1/2 ADP) /
(ATP + ADP + AMP)] was proposed by Atkinson
and Walton (1967) to characterize the overall
physiological state of microorganisms. It is high for
microbes in the growth phase and low for those in
their stationary or senescent phases (Swedes et
al, 1975).
=

Experimental procedure
The experiment consisted of 3 main periods: period
1, the sheep were defaunated; period 2, the sheep

refaunated with I prostoma; and period 3,
sheep refaunated with a mixed B-type fauna. Each
measurement period, lasting 6 weeks, began after
a period of adaptation to the new conditions of the
were

rumen fauna: 6 weeks after defaunation was
achieved for adaptation during period 1; 5 weeks
after Isotricha became stable for period 2; and 4
weeks after the mixed fauna stabilized for period
3. During each period, the first 2 weeks were used
for faeces collection; 2 weeks were then necessary for in sacco determination of lucerne stem
and wheat straw digestibilities; and 2 further weeks
were necessary to sample rumen contents for
metabolic parameters (pH, VFA, Eh, adenylic
nucleotides). Protozoa were counted daily 2 h after
feeding during the establishment of protozoa, and
for 16 d after the protozoa population had stabilized. Bacteria were counted in rumen contents
sampled for the measurement of rumen metabolic
parameters during the 5th and 6th weeks of each
experimental period. The evolution of protozoa
populations was followed by sampling rumen juice
for 4 successive days at times 0.5, 1.5, 3 and 6 h
after feeding the animals.

Statistical analysis
As the defaunating treatment is drastic, the experimental design had to follow the sequential order
of defaunation, refaunation with lsotricha alone
and faunation with the mixed fauna. A latin square
design was therefore impossible to apply.
Data

analyzed according to the Anova
procedure (SAS, 1985) as described by Jouany et
al (1995). The model used was as follows: Yij = p
+ A;
+ T+ 6i! where Yij= trait observed, A;= aniwere

6ij

mal effect, fi = protozoa effect,
= error,
assumed to be the effects of the interaction
between animal and protozoa.

As mature castrated males were used and
maintained in a pen with constant temperature
and light between periods, we considered that the
time effect was negligible. We assumed that differences between periods were due to protozoa.

RESULTS
No accidental contamination of the rumen
occurred during the experiments. Defaunation was maintained throughout the first

period. lsotricha

the only genus prethroughout the second

was

sent in the rumen

period, and the ciliate mixture introduced at
the beginning of the third period remained
unmodified.
Establishment of lsotricha
in the defaunated rumens
After introduction of 2.5 x 10
5 I prostoma
into the rumen of each sheep (corresponding to a mean concentration of 25 cells/ml of
rumen content), the ciliates were detectable
7 d later at an average concentration of 5
ciliates/ml (fig 1This implies that a large
proportion of the ciliates disappeared after
being introduced into the rumen.
As already observed in previous studies
(S6naud et al, 1980; Jouany et al, 1995),
the population of Isotricha grew rapidly for
10 d after being detectable in the rumen
x 10 ciliates/ml on
(day 7), peaking at 15 3
day 17 after seeding. It then fell for 2 d to
6 x 10
3 ciliates/ml and finally stabilized at
values close to 10
/ml in both sheep.
4

Establishment of mixed fauna in
rumens containing the genus lsotricha
After the introduction of 250 ml pooled
rumen contents withdrawn from the 3 sheep
which had been monoinoculated with either
Entodinium, Epidinium or Eudiplodinium alll
the ciliates were immediately detected in
the receptor sheep (fig 2). Entodinium
peaked on day 9 (10
/ml), falling off there6
after for 7 d (1.7 x 10
/ml) before increasing
5
/ml.
5
again and levelling off at 3.0 x 10
Eudiplodinium peaked from days 6-10 after
inoculation (4.0 x 10
/ml), and then fell
4
before
/ml. In
4
settling at 2.5 x 10
slightly
sheep B, Epidinium increased up to day 133
(2.0 x 10
/ml) and then fell for 3 d before
4
increasing again and stabilizing at about

2.0
/
ml.x In
10
day 23 after inoculation at 4
sheep A, Epidinium disappeared from days
6-13. From day 16, it had the same development as in sheep B. The population of
Isotricha was unaffected by the introduction
of the other 3 genera.
Once the protozoan population stabilized,
it was composed of approximately 85%
Entodinium, 10% Epidinium, 3% Eudiplodinium and 2% Isotricha. This is consistent
with the bibliographic data (Jouany, 1989).
The volume and biomass of ciliates (table I)
were about 2.6 times greater in the rumen of
mixed faunated sheep than in that of
Isotricha monoinoculated animals.

Evolution of protozoa population
after feeding
The number of Isotricha increased slightly in
the rumen after feeding, in both the
monoinoculated and mixed-faunated animals. Because of large variations in Isotricha
concentrations from one day to another, the
curve (fig 3A) gives the impression that the
concentration of Isotricha varies little
throughout the day. On the contrary, the
number of entodiniomorphid ciliates
decreased severely during the 3 h following the meal and increased 6 h after feeding

(fig 3B).

Bacteria counts
Because of the large variations in bacteria
counts between days for the same animal,
and between animals for the same day, statistical analysis showed no effect (p < 0.05)
of the addition of protozoa

(Isotricha

or

mixed fauna) to defaunated rumens on bacteria concentrations (table I). Given that
there were no significant differences
between sheep A and B in protozoa and
bacteria populations, the results obtained
from the 2 animals have been pooled in the
tables. However, they were separately

analyzed by statistical analyses to study the
animal effect.

Adenylic nucleotides
Before feeding, ATP and ADP concentrations in the filtered rumen content were
higher (p < 0.05) in inoculated sheep than

in defaunated ones, regardless of the nature
of the fauna. With the exception of defaunated animals, they decreased after feeding, and ATP concentrations remained low
for a longer time after feeding with the
mixed fauna than with Isotricha alone

(table II).
AMP concentrations were always lower in
faunated rumens than in defaunated ones,

but there were no significant differences (p >
between treatments before feeding.

0.05)

The total adenylic nucleotides (ATP +
ADP + AMP) were significantly influenced
by the inoculation of protozoa. They were
highest in all faunated animals at times distant from the meal (T
l8 and To) and in
defaunated animals and Isotricha-inoculated animals during the 12 h following the
meal.

fauna sheep than in the defaunated sheep
for almost all sampling times (table IV). In
contrast, the degradation rate of lucerne
stems during the first 12 h was higher in the
mixed fauna sheep while the plateau level
obtained at 48 h was not influenced by the
presence of any type of the tested protozoa. The addition of Isotricha alone into the
defaunated rumens had little effect on the
breakdown of either of the 2 substrates
although a significant increase (p 0.01)
was observed in the Isotricha-inoculated
rumens for lucerne at the sampling time of
6 h, and for wheat straw at the sampling
time of 24 h.
=

The energy charge (EC) was systematically greater in the faunated sheep, regardless of the nature of the fauna, but there was
no significant difference (p > 0.05)
between
treatments 6 and 18 h after feeding.

In vivo

digestibility of the diet

No significant difference was observed in
diet digestibility after inoculation of either
Isotricha alone or mixed fauna in the defaunated sheep rumen (table 111).

In situ degradation of NDF from
2 cellulosic substrates, wheat straw
and lucerne stems
The rate and level of wheat straw breakdown were lower in the complex mixed-

End products of microbial fermentation
in the rumen

The introduction of either fauna into a defaunated rumen had no significant effect on the
pH value of rumen contents over the day
(table V). In all cases pH fell to about 5.6
after feeding and remained at this level for at
least 6 h. The redox potential of the rumen
juice was not measured in defaunated animals. It was not significantly different (p >
0.05) in the Isotricha and mixed-fauna-inoculated animals.
The VFA concentration, which was low in
in all periods (from 50

sheep before feeding

to 62

mM), rose markedly after feeding but
remained at standard values. Lower values
were observed in animals inoculated with
a mixed fauna soon after the meal (6 h) and
later (18 h) in Isotricha-inoculated sheep.

The molar proportion of acetate in the
VFA mixture was not significantly modified
(p > 0.05) by the presence of any genus of
protozoa in the rumen at any time after feeding. The addition of Isotricha to defaunated
rumens induced a higher molar proportion of
propionate 18 h after feeding; this increase
persisted for the 6 h until the following meal.
The addition of mixed fauna had the opposite effect. The molar proportion of propionate decreased from 18 to 24 h after feeding. The proportion of butyrate systematically
increased (p < 0.001) at the expense of
valerate in the presence of the mixed fauna
throughout the 24 h cycle, as did the presence of Isotricha before feeding. However,
during the 18 h-period after feeding, the

addition of Isotricha in defaunated rumens
had no effect on butyrate proportion.

-N concentration increased markedly
3
NH
in the presence of the mixed fauna and the
significant threshold was only reached in
samples taken 6 h after feeding. It was not
affected by the inoculation of Isotricha alone
into the defaunated rumen.
DISCUSSION
The pattern of protozoal development during
the growth phases was consistent with that
described by S6naud et al (1980) and
Groli6re et al (1980). It is noteworthy that
the numbers reached at the end of the
growth period always exceeded the subsequent plateau value. This shows that the
equilibrium of the microbial ecosystem is
governed by interactions between microorganisms (Isotricha, bacteria or fungi in

monoinoculated sheep, and additional interactions between protozoa in mixed-fauna
animals), and requires some 10 d to stabilize.
It is generally accepted that highly acidic
pH values in the rumen can inhibit the
growth of ciliates (Purser and Moir, 1959)
and may even cause their complete elimination (Eadie et al, 1970; Whitelaw et al,
1972; Rung et al, 1986). The decline in the
number of entodiniomorphid ciliates noted
here during the 3 h following the meal in the
rumen juice was always observed in the
numerous experiments we carried out. We
consider that it is more due to the migration
of protozoa towards the matrix of solid particles and to dilution effect than a direct effect
of pH because it also appears when animals are fed with hay and straw diets (see
Jouany etal, 1973; Jouany 1978). Furthermore, the present results show that with a
pH of about 5.6 that persists for about 6 h
after feeding and with a normal molar proportion of propionate in the VFA mixture (ca
20%), the ciliate population in the rumen
can be large. It is possible that the propionate concentration is the main factor in the
elimination of ciliates sometimes observed
with starch-rich diets as reported by
Kobayashi and Itabashi (1986).

Contrary to most studies showing that
defaunation decreases bacterial population
(see Williams and Coleman, 1992), the
absence of any effect observed here could
be due to the fact that determinations were
made on total counts instead of viable
counts.

The very low values of adenylic
nucleotides we observed, compared to
those of Wallace and West (1982) and Erfle
et al (1986), could have been due to losses
during sampling, although extractions were
done no more than 8 min after rumen contents were removed from the rumen, or to
the disturbance of rumen microbes related
to large amounts of highly fermentable
starch. A more plausible reason is that a

large majority of microbes were eliminated
from our liquid samples during the filtration
of solid particles. We can therefore consider
that these results concern only the liquidassociated bacteria and protozoa.
As indicated previously by many authors,
the meaning of adenylic nucleotides in the
rumen is difficult to assess. Although they
have been used in various ecological systems (Karl, 1980) as biomass indicators,
they have been estimated as poor evaluators for rumen microbes.
ATP has been proposed as an indicator
of microbial metabolic activity (Wolstrup and
Jensen, 1978). According to Erfle et al
(1986), it is not a reliable marker for this
microbial characteristic. Like Swedes et al
(1975), Erfle et al (1986) suggest using the
adenylate energy charge (EC) to estimate
protein synthesis (growth and enzyme production) and metabolic activity in microbial
cells. However, at the present, no reliable
relationship between metabolic activity of
microbes and adenylic nucleotide content
has been established (Erfle etal, 1986).

The decrease in concentration of ATP,
ADP and total adenylic nucleotides in the
rumen juice of faunated animals after feeding is mainly explained by the migration of
most microbes towards the solid phase and
also by a decline in ciliate numbers in the
mixed faunated rumens, protozoa being
richer than bacteria in ATP and ADP (Fosberg and Lam, 1977). The same relationship between adenylic nucleotide concentration and protozoal biomass has been
observed using Rusitec (Bohatier et al,
1992). However, it is difficult to explain the
decrease in adenylic nucleotides after feeding the monoinoculated sheep since the
number of Isotricha increased slightly during
that time. Differences in adenylic nucleotides
between the 2 types of faunated sheep were
negligible or in favour of monoinoculated
sheep although the population of protozoa
was higher in the former. The increase in
adenylic nucleotides that is noted after the

feeding of the defaunated sheep could indi-

mentable starch like

cate that more energy was available to the
bacteria in these animals. Furthermore, the

feed.

large ingestion of starch granules by protoleft less energy available for the bacteria in faunated animals. We also noted
that the level of adenylic nucleotides was
very low in starved defaunated sheep while
the slow digestive process of starch by protozoa and their sequestration within the
rumen of faunated animals maintained a
high energy content in microbes 24 h after
feed intake in these animals.
zoa

Our results indicate that EC increased
after the addition of protozoa to defaunated
rumens. Unlike Erfle et al (1979) who
reported a slight increase in EC after feeding, or Wallace and West (1982) who noted
no EC variation during the day, we observed
an EC decrease in the rumen of all animals
after feeding whatever the fauna. The EC
values, like ATP values, were low, especially in the defaunated animals and after
feeding in all periods, which could suggest
that rumen microbial dysfunctions occurred
under our feeding conditions although no
lactate was detected in the rumen. This may
have been due to unstable microbial
metabolic activity which occurs when large
amounts of starch are fermented in the
rumen (Martin and Michalet-Doreau, 1995).
This effect is amplified when protozoa are
absent. The variations in EC between animals or between days, estimated by standard deviation values (table I), were low
before feeding, but increased a great deal
after a feeding.
The intake of large amounts of barley in
1 daily ration had a negative effect on the
cell-wall carbohydrate digestibility of the
diet. This result was confirmed by the low
in situ degradation of lucerne stems and
wheat straw. Martin (1994) observed from a
large analysis of bibliographic data that both
the rate and level of degradation are affected
by an increased starch percentage in the

diet; the effect is magnified when high fer-

barley

is used in the

The conflicting effects of protozoa on the
in situ degradation of the 2 cellulosic substrates studied (wheat straw and lucerne
stems) are difficult to account for. They are
probably due to the differences in anatomical structure and chemical organization of
cell-wall components between a grass
(monocotyledon) and a legume (dicotyledon). A cross-section of straw reveals a
cutinized epidermis, a cortical parenchyma,
a sclerenchyma annulus and vascular bundles (phloem + xylem) arranged in circles
in the medullar parenchyma. Straw cells are
almost exclusively made up of walls as they
no longer contain cytoplasm. The epidermal cuticle of the lucerne stem is thinner.
Patches of phloem surrounded by col1and
cambium
are
associated
with
lenchyma
the xylem, giving the whole a collar shape
within the parenchyma. After about 10 h all
that remains of the lucerne stems is the lignified crown of xylem. Over the same period,
only the mesophyll cells of straw are
degraded (Grenet and Demarquilly, 1987).
Bauchop and Clarke (1976) and S6naud et
al (1986) showed that the ciliate protozoa
(mainly Epidinium sp) rapidly colonize the
lucerne stems (in less than 15 min) and
break down the tissues situated between
the epidermis and the vascular cylinder. In
contrast, the ciliates do not fix on wheat
straw to any extent. Because they must
ingest small particles and soluble substrates
to digest them, the action of extracellular
enzymes is not efficient in protozoa (Akin
and Amos, 1979). This selective behaviour
towards the 2 substrates tested may explain
the positive action of ciliates on the breakdown of lucerne and the negative effect on
straw. In addition, the chemical composition of the walls of the 2 tested substrates is
different. According to Jarrige (1981), the
levels of xylans, glucans and lignin are
higher in straw than in lucerne. Legume
walls also contain no phenolic acids.

VFA concentration remained normal after

feeding even though the sheep ingested
large amounts of starch in a short time since

by ltabashi and Kandatsu (1975), that the
-N uptake by the bacteria is not modified
3
NH
by the addition of protozoa to a defaunated
rumen. The absence of any response to
monoinoculation of Isotricha in a defaunated
rumen on NH
-N concentration is explained
3
by the low deaminating activity of rumen
microbes in the presence of Isotricha, as
shown in vitro by Jouany et al (1992). This
means that the presence of Isotricha as the
sole protozoa improves cellulolysis as compared to defaunated animals and decreases
deamination in the rumen as compared to
mixed-faunated animals. This result is of
importance for the nutrition of ruminants.

all the diet was consumed in 20 min. The
concentration was low in samples taken
18 h later. Due to low pH, VFA absorption
was probably intense during the few hours
following feed intake. The drop in VFA concentration observed after inoculation of ciliates, at variance with the findings of most
other studies (cfJouany, 1991), may have
been due to the ingestion and storage of
large amounts of starch granules by protozoa. The starch is then digested slowly
throughout the day or even flows out to the
small intestine with the ciliates (Mendoza
et al, 1993). The increased butyrate proportion of the VFA mixture in the faunated
sheep, at the expense of propionate and
valerate, is consistent with previously published results (Jouany et al, 1988). This trend
was less marked in Isotricha-monoinoculated sheep than in mixed-faunated sheep,
and is probably the direct consequence of
butyrate production by the entodiniomorphid ciliates (Eadie et al, 1970). On the other
hand, the lactate that could be produced
with such diets was never detected in the
sheep rumen juice throughout the experiment. It was probably metabolized by ciliates into propionate in the faunated animals
(Chamberlain et al, 1983; Newbold et al,
1985), and could explain why there was not
the expected decrease in propionate
(Jouany, 1991). In defaunated animals, lactate can be transformed into butyrate by
bacteria (Jouany, 1991) which explains why
the level of this VFA was maintained when
protozoa were absent.

The mixed fauna limited the negative
effect of starch on the digestion of lucerne to
a larger extent than Isotricha. This could be
due to the withdrawal of starch from the
rumen content by ciliates. Such a result is in
good agreement with the proposal made by
Ushida et al (1991 ) concerning the effect of
protozoa on cell-wall carbohydrate digestion in the rumen.

higher concentration of NH
-N in the
3
complex mixed-fauna
animals compared with defaunated or
Isotricha-monoinoculated animals is mainly
due to the hydrolytic and fermenting action
of the entodiniomorphid ciliates on the
dietary and microbial proteins in the rumen
(Ushida et al, 1991) assuming, as reported

Finally, it was confirmed that a mixed
population of protozoa has a detrimental
effect on protein utilization in ruminants,
while the deaminating activity of rumen
microbes was significantly decreased when
Isotricha was alone as previously shown in
vitro (Jouany et al, 1992) and in vivo (Jouany
et al, 1995). This could mean that the amino

The

rumen

content of the

CONCLUSION
The

physiological state of liquid-associated
microbes estimated by their adenylic
nucleotide concentration was largely influenced by the presence of protozoa. Some
instability in the growth and enzyme prorumen

duction of rumen microbes could be
revealed by the high variations in the ruminal total amount of adenylic nucleotides
and the energy charge throughout the day
in sheep fed a starch-rich diet in 1 daily
ration.

acid supply to ruminants is higher in
Isotricha-monoinoculated animals. Such a
hypothesis must be confirmed by in vivo
digestion trials using sheep fitted with duodenal fistula. The decrease in NH
-N con3
centration in these animals could limit nitrogen excretion in urine and be of interest in
the consideration of nitrogen pollution in
relation to husbandry.
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