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Summary.
1. We have studied the contribution of ciliate protozoa to the degradation of dietary
and 6 faunated sheep. Rumen samples from these animals
were used as inocula for in vitro determination of the degradability of different protein sources : lupine grain, peanut and soybean cake, and fish meal. We also applied the in sacco
method to measure the digestibility of soybean proteins. Two pore sizes (50 and 100 pm)
were used in the in sacco study. The nitrogen degradation curve was constructed accorda + b (1-e-°
l, and the parameters a, b, and c
t
ing to the mathematical model : P(t)
were determined for both faunated and defaunated animals. The proteolytic activity of the
rumen contents was also determined using azocasein.
2. The in vitro degradability of proteins was significantly less in defaunated than in faunated animals : 17, 19, 28 and 64 % with lupine grain, peanut cake, soybean cake and fish
meal proteins, respectively. The protozoal effect was greater when protein solubility was
low.
3. The in sacco study showed that neither the protozoa nor bag pore size had any
effect on the protein fraction (a) immediately soluble in the rumen juice. However, both
factors increased the insoluble, potentially degradable fraction « b » (P <
.011. Protozoa
had a positive effect on the rate of degradation (c) of the fraction b. This effect was most
clear with the 100 jim bags. The significant interaction between protozoa and pore size on
factor « c » showed that large ciliate protozoa (100 jim) were directly involved in determining this parameter.
4. Taking into account the very soluble azocasein utilized in this study to determine
the protease activity of rumen juice, we confirmed the dominant effect of bacteria on the
degradation of very soluble proteins. Conversely, protozoa, particularly large Ophryoscolecidae (100 w
ml, increased the ruminal degradation of relatively insoluble proteins.

protein, utilizing 5 defaunated

=

Introduction.

The role of protozoa in the ruminal digestion of nitrogen is not well known. It
reported that their presence in the rumen causes an increase in rumen
ammonia-nitrogen (Jouany and Senaud, 1982, 1983) and that their contribution to
the amount of microbial protein entering the small intestine is low (Weller and Pilhas been

grim, 1974). Recently, other authors have shown that the duodenal flows of nonnitrogen (Ushida et al., 1984) and of amino acids (Veira et al., 1984) are
significantly higher in sheep with no protozoa present in the rumen (defaunated).
In Ushida et al. (1984), the increase in nitrogen flow was due to increased flows
of dietary and bacterial proteins.
The purpose of the present study using in vitro and in sacco techniques was
to determine the role of rumen protozoa in the degradability of different protein
sources. An abstract of this work has already been presented by Ushida and
Jouany (1985).
ammonia

Material and methods.
Animals and diets.
Five defaunated and 6 faunated Texel wether sheep (average wgt : 60 kg) were used as rumen content donors during the in vitro study.
Three defaunated and 3 faunated sheep were used for the in sacco experiments.
Each sheep was fitted with a rumen cannula (! 60 mm) and penned individually.
The animals were defaunated at least 2 months before the experiments began, as
described by Jouany and Senaud (1979a).
Each sheep received a daily ration containing 800 g of pelleted lucerne hay,
200 g of chopped wheat straw, 250 g of mixed grass hay and 150 g of pelleted
barley. The diet was given in two equal portions at 12-hour intervals. Water and a
mineral lick were always available, except during the night before the rumen contents were sampled for in vitro study.
-

ln vitro study. &horbar; ln vitro degradabilities of lupine, peanut cake, soybean cake and
fish meal proteins were measured with either defaunated or faunated rumen contents using the method of Vérité and Demarquilly (1978) modified by Jouany and
Thivend (1985). The protein to be tested was incubated with both rumen fluid and
rumen particle matter. The nitrogen requirement of the microbes was supplied by
additional non-protein nitrogen. The ammonia produced from the protein substrate was estimated by comparing ammonia production to a control fermenter
containing the same amount of organic matter but with no protein added.
Each protein source was incubated in both defaunated and faunated rumen
contents on the same day ; at least five determinations were made for each protein source.
The protease activity of defaunated and faunated rumen contents was measured as described by Brock et a/. (1982) with ten determinations for each group
of sheep.
In

sacco study. &horbar; The nylon bag method was used to measure soybean cake
protein degradability in defaunated and faunated sheep rumens. The heat-sealed
bags, measuring 11 x 6.5 cm, were made of nylon cloth having a calibrated pore
size of either 50 or 100 ym (Blutex XX, Tripette et Renaud, Paris, France).
Approximately 3 g of soybean cake, ground through a 3 mm sieve, were put
into each bag. Five bags of 50 pm pore size and 5 of 100 !m pore size were fixed
on a ferric chain 30 cm long connected to the plug of the rumen cannula. The
bags were introduced into the rumen just before the morning feeding and incu-

bated for 2, 4, 6, 12 and 24 h. At the end of incubation, the bags were removed
from the rumen and washed at least four times in cold water with a simple
manually-operated washing apparatus. They were then squeezed gently by hand
and dried at 80 °C for 48 h. The dried bags were weighed to determine the
amount of residual dry matter. The residue was ground and its nitrogen content
determined by the Kjeldahl method.
The degradation rate of soybean cake protein was estimated by fitting the
results to the model of Ørskov and McDonald (1979) : p(t)
a + b11-e-°
)
t
where « a» represents the rapidly soluble N fraction, « b» the insoluble but
potentially degradable N fraction, and « c» the degradation rate of the « b» fraction. The parameters a, b and c were estimated by Facom-M 382 at the Data Processing Center of Kyoto University using its SALS package.
The significance of the difference between the means in each experiment
was determined by analysis of variance.
=

Results.
The faunated sheep had approximately 5.10
5 protozoa/ml in their rumen. The
consisted
of
80-90
%
Entodinium
sp., 10-20 % Polyplastron multivesipopulation
culatum and 10-20 % Ho%trichs. A small number of Enoploplastron was
present in some sheep. The defaunated sheep had no protozoa at any time during
the experiment.
The effect of protozoa on in vitro nitrogen degradability of lupine, peanut
cake, soybean cake and fish meal is shown in table 1. The values obtained with

always lower than those found with faunated
The difference in nitrogen degradability between the two animal
types was an absolute constant for all tested protein sources (approximately
10 points). In relative values, the presence of protozoa had a greater effect on
proteins with low degradability. A linear correlation was observed between in vitro
defaunated

rumen contents were

rumen contents.

degradability (fig. 1) measured with faunated rumen contents (Y) and that mea13.68 + 0.93 X (r
sured with defaunated rumen contents (X) : Y
0.935).
=

=

The protease activity of rumen contents used for in vitro measurement was
lower in faunated than in defaunated sheep (0.64 + 0.03
I rumen contents. h-’).
vs 0.82 ± 0.06 mg of azocasein hydrolysed mlThe effect of protozoa on the degradability of soybean cake protein, measured by the in sacco method, is shown in table 2. There was no significant difference between defaunated and faunated sheep for parameter « a » which is
considered to be the rapidly soluble fraction. Pore size had no significant effect
on this parameter either. However both the presence of protozoa and the use of
the larger pore size significantly increased parameters « b » and « c ». Both had a
significant effect on parameter « b» (P < 0.01) ; the pore size had a greater
effect (P < 0.01) than the protozoa (P 0.05) on parameter « c ». The interaction of these two factors on parameter «c» was also significant (P < 0.051.

significantly (P x 0.05)

Discussion.
ln vitro determination.
Protozoa have

a

negative effect

on

the number of bacteria in the

rumen

(Eadie and Gill, 1971 ; Demeyer and Van Nevel, 1979). Furthermore, our results
show that the easier the protein is degraded, the less effect the protozoa have in
relative values. This pattern confirms the data of Onodera and Kandatsu (1970)
and of Nugeant and Mangan (1981). According to Siddons and Paradine (19811,),
the first factor determining the degradation of soluble proteins is the size of the
bacterial population, probably because soluble proteins are in contact with the
bacterial surface where proteases and peptidases are located (Nugeant and Mangan, 1981Therefore, the degradation of soluble proteins may be more intense in
the defaunated than in the faunated rumen. This hypothesis is supported by the
fact that proteolytic activity was higher in defaunated animals when measured
using azocasein which is totally soluble.
ln

sacco

determination.

The amount of rapidly soluble protein, fraction « a », is a physical characteristic of each protein source. As with the in vitro results, we found that the presence of protozoa in the rumen has no effect on the soluble protein fraction.
The insoluble and potentially-degradable protein, fraction « b », is the result of
the combined attacks of both bacteria and protozoa which have completely different modes of degradation. The protozoa ingest entire feed particles, while the
bacteria adhere to the particle surface. Like Kayouli et al. (1983), our results show
that in the presence of protozoa, which generally cause a decrease in bacterial
numbers, the degradability of fraction « b » and the rate of its degradation (c) are
higher than in the defaunated rumen. Protozoal ingestion of dietary particles causes an increase in the relative enzyme concentration in respect to the particle and
more direct enzyme-substrate contact in the cytopharynx of ciliates.
Protozoa also have a positive effect on the degradation of plant cell walls
(Jouany and Senaud, 1979b), making the intracellular proteins more accessible to
enzyme degradation. Cell wall breakdown is often the limiting factor in the proteolytic process in the rumen (Ganev et al., 1979). The increase in fraction « b»
degradability, seen when the pore size of the bags was increased, can be
explained by increased physical loss from the bags. In effect, the measured differences between the 50 and 100 um mesh size are equivalent, being slightly greater
in defaunated than in faunated animals.
Protozoa had no effect on the degradation rate « c» of fraction « b» in the
50 gm mesh bags ; however, there was a significant effect with the 100 A
m bags,
indicating that small Ophryosco%cidae ( < 50 gm) as well as Isotrichidae, the only
ciliates capable of entering the 50 pm bags, had no effect on proteolysis rate in
the rumen. It is also possible that this parameter could be more strongly influenced by larger Ophryoscolecidae (100 pm). These conclusions are supported by
the statistical significance of the protozoa-pore size interaction.
J3rskov and McDonald (1979) have proposed another model to predict effec-

a + (bcl/lc + kr), where kr is the
tive ruminal protein degradation : P (%)
outflow rate of marked particles from the rumen. In the present study, the outflow of protein particles was no measured. However, Kayouli et aL (1983) and
Ushida et a/. (unpublished data) found an increase in the rumen outflow rate of
chromium mordanted soybean cake or lucerne hay following defaunation. These
results suggest that protein particles stay in the rumen for a shorter time and thus
are exposed to less intense proteolysis when the protozoa are removed from the
rumen. According to this model and using the kr value of Ushida et al. (unpublished data), we observed that the predicted degradation « p» increased by
10 points when protozoa were present (0.55 vs 0.65).
=

By eliminating the effect of protozoa on protein degradability and protein
retention time in the rumen, defaunation produces a net decrease in protein
degradation. Our in vitro and in sacco results were recently confirmed by in vivo
work carried out by Ushida et al. (1984). In the course of that study, the authors
found that the flow of duodenal feed nitrogen was significantly increased by ruminal defaunation. Our study suggests that the in vivo effects of defaunation would
be more evident when the dietary proteins are not readily soluble.
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Résumé.

Influence des

protozoaires

du

rumen sur

la

dégradation

des protéines chez le

mouton.

étudié l’action des protozoaires ciliés sur la dégradation des protéines aliutilisant 5 moutons défaunés et 6 moutons faunés. Nous avons déterminé la
dégradabilité in vitro de différentes sources protéiques (graine de lupin, tourteau d’arachide
et de soja, farine de poisson) à l’aide d’inoculums provenant soit des animaux défaunés soit
des animaux faunés. Nous avons également mesuré la dégradabilité in sacco des protéines
de soja. La courbe de dégradation de l’azote a été construite selon le modèle mathématique
a + b11-e-!!) ce qui a permis de déterminer les paramètres a, b et c à la fois pour
(P(t)
les animaux faunés et défaunés. Enfin nous avons mesuré l’activité protéolytique de leur
contenu de rumen.
La dégradabilité in vitro des protéines a été plus faible chez les animaux défaunés. La
diminution a été respectivement de 17, 19, 28 et 64 % pour la graine de lupin, les tourteaux
d’arachide et de soja, la farine de poisson. L’effet des protozoaires a été d’autant plus
important que la solubilité de la protéine était faible.
L’étude réalisée in sacco a montré que la fraction d’azote immédiatement solubilisée
dans le rumen (a) n’est pas influencée par la présence de protozoaires ni par la taille des
mailles des sachets. En revanche, ces deux facteurs, ont augmenté la valeur de la fraction
d’azote insoluble et potentiellement dégradable (b) (P < 0,01). Les protozoaires ont également eu un effet positif sur la vitesse de dégradation (c) de la fraction « b ». Cet effet a été
particulièrement net avec les sachets de 100 p. L’interaction significative entre les protoNous
mentaires

=

avons

en

zoaires et la taille des mailles sur le facteur « c» montre que les ciliés de grande taille
(100 y) sont directement impliqués dans l’évolution de ce paramètre.
La mesure de l’activité protéasique du jus de rumen effectuée à l’aide d’une protéine
très soluble (azocaséine), a confirmé l’effet dominant des bactéries sur la dégradation de la
portion soluble de l’azote protéique. Les protozoaires, et plus particulièrement les gros
Ophryosco%cidae (100 Il) ont eu une action particulièrement nette sur la dégradation de la
fraction azotée peu soluble.
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