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ABSTRACT - Nine two-year old sheep fitted with rumen and duodenum cannulas were used to study the effect of 
controlling protozoa flora on the degradation and utilization of dietary fibre and protein in the rumen and on nitrogenous 
flow to the duodenum. There were three groups in this experiment: defaunation (DF); partial defaunation (PDF); faunation 
(F) as control. Results showed that: 1,There were no differences between treatments in dietary DM degradation in the 
rumen, but defaunation and partial defaunation increased the quantity of nitrogenous material in the rumen and the flow of 
N to duodenum. 2, Partial defaunation and defaunation improved the degradabilities of dietary NDF, ADF and HC, but 
there were no differences between the defaunated and partially defaunated groups. 3, Partial defaunation decreased the 
degradability of dietary protein in the rumen. There was no difference between defaunated and faunated groups. 4, 
Defaunation and partial defaunation increased the quantity of total N (TN) and microbial N (MCN) in the rumen and the 
amounts entering the duodenum. The protozoa N (PN) flow in the faunated group was higher than that in the partially 
defaunated group, and the amino acid pattern in the digesta at the proximal duodenum in the defaunated group was closer 
to the ideal amino acid pattern. 5, There were differences in the mole percent of acetic, propionic, total-VFAs and the 
non-glucogenic to glucogenic VFAs ratio (NGR) value in the rumen fluids. The order was as follows: mole percent of 
acetate: F그PDF그DF; mole percent of propionate: DF그PDF그F; total-VFAs: PDF그ADF; NGR: F그PDF그DF. (Asian-Aus, J. 
Anim. Set 1999. Vol 12, No. 8 : 1241-1245)
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INTRODUCTION

Protozoa have positive and negative effects on 
digestion in the rumen. Firstly protozoa may slow 
down the fast fermentation of dietary starch and 
soluble sugar and stabilize rumen pH when animals 
are fed diets rich in available starch, as well as 
decrease the redox potential of rumen digesta, which 
should indirectly stimulate the cellulolytic bacteria 
activity (Uside et al., 1991 and Mthieu et al., 1996). 
Protozoa may also supply some peptides that stimulate 
the growth of the rumen microbiota (Jouany and 
Ushida, 1998). Meanwhile, protozoa also have several 
negative effects. For example, the predation of bacteria 
increased the protein turnover in the rumen, and 
protozoa contribute to methane production (Jouany and 
Ushida, 1998). There have been many debates 
concerning the .advantages and disadvantages for 
defaunation during the last two decades. In fact, the 
effect of defaunation depends on the balance between 
energy and protein needs for animals and nutrients 
supplied by diet. Defaunation is useful in case of diets 
low in protein but not limited in energy for animals 
with high protein requirements (Jouany and Ushida 
1998; Smet et al., 1992). In practice, defaunation is 
difficult to maintain (Lu, 1998).

The control of rumen protozoa in terms of total 

concentrations or generic composition could be a way 
to improve animal production on low quality roughage 
diets. Lu (1993) suggested the use of partial 
defaunation in animals fed high fibre diets. The main 
principle of this proposal is: with low-quality roughage 
diets, animals are dosed with sufficient defaunating 
agent to decrease the population of protozoa by 
30~50%, and to control the generic composition of 
protozoa, i.e. keeping the genera that could utilize 
more fibre and decreasing the genera that could utilize 
more starch and soluble sugar. The objectives of this 
trial were to validate this proposal.

MATERIALS AND METHODS

Nine two-year old sheep fitted with rumen and 
duodenum cannulas and weight 30 ±5 kg were used in 
a random design for this study. There were three 
groups: defaunation (DF); partial defaunation (PDF); 
faunation (F) as control. They were fed a ration 
comprising concentrate mixture and chopped hay in 
31:69 ratio and based on 1.2 times maintenance (table 
1). The concentrate mixture was fed in two equal 
portions at 07:00 h and 19:00 h and the hay as free 
choice all day long. They had free access to clean 
drinking water.

At the beginning of adaptation period, 1g sodium 
dodecylbenazene sulfonic acid as a defaunating agent 
was put into the rumen through rumen cannulas when 
the concentrate was provided. The amount of the
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Table 1. The composition of experimental diet
Composition Percentage (%) ME (MJ/kg) CP (%) Ca (%) p (%)
Concentrate Mixture 31 11.49 20.91 2.58 1.87
Hay 69 6.46 7.70 0.24 0.18
Total 100 8.02 11.19 0.97 0.69
* Concentrate mixture contains(%): ground shelled com 66, soybean meal 10, wheat bran 18, bone meal 0.8, urea 3,
mineral and vitamin premix 1 and salt 1.2.

Table 2. The population and generic compositions of protozoa in the rumen of the sheep in the treatment and 
control groups

Groups Population 
(x 104/ml)

Generic composition of protozoa(%)

Holotrichia -
Oligotrich

Entodinium Diplodinium Ophryoscolex Epidinium
Defaunation 0 0 0 0 0 0
Partial defaunation 1.11 3.85 78.41 14.41 0.92 2.41
Faunation 2.31 4.24 79.60 12.97 1.10 2.09

defaunating agent offered was increased by 0,5g every 
three days until the population of rumen protozoa in 
the sheep in the partially defaunated group was 
decreased by 30-50%, or the rumen protozoa in the 
sheep in the defaunated group disappeared. Rumen 
liquor was collected from each animal before feeding 
(0 h) and at 3, 6 and 9 hours after feeding and used 
to observe protozoa genera and population.

Total protozoa were counted and classified with a 
method described by Lu and Xie (1990), and Han and 
Chen (1988). The pH of rumen fluid was determined 
immediately after straining it through muslin cloth by 
a systronic pH meter (made in Shanghai, China). 
Rumen volatile fatty acids were determined by gas 
chromatography. The fractional outflow rate (Kd) of 
digesta in the rumen and the duodenum was estimated 
by using CdO as a marker. Fiber and protein 
degradation characteristics in the rumen were 
determined using the in sacco method. The microbial 
protein was determined by using RNA as a marker. 
The protozoan protein was determined by using AEP 
as marker (Julian and Czerkawski, 1974). The 
statistical analysis was done on Lotus 4.01 and SAS 
software.

RESULTS AND DISCUSSION

Effect on counts and classification of rumen 
protozoa

The population and generic compositions of 
protozoa in the rumen of the sheep in all groups are 
shown in table 2. The population of Holotrichs and 
Entadinia decreased, and that of other genera 
increased. As we know, Holotrich and Entadinia 
mainly ingest starch and soluble sugar to stabilize pH 

in the rumen, and other genera in Oligotrich could 
digest the cellulose in plants (Hungate, 1966).

Effect on degradation of dietary fiber
The effect of controlling protozoa on fibre 

degradation in the rumen is shown in table 3. The 
effective degradation (ED) of DM in hay was not 
significantly different between groups (p그0.05). The 
PED of DM in defaunated and partially defaunated 
groups was significantly higher than in the faunated 
groups (p<0.05). Because protozoa actively prey on 
bacteria, defaunation could increase the bacterial 
population. Moreover, SAFI and Kd were increased 
with increasing bacterial population. The results of 
partial defaunation indicated that the retained protozoa 
could ingest fewer bacteria in the rumen.

As reported by Romulo (1989), partial defaunation 
and defaunation significantly improved the ED of 
NDF, ADF and hemicellulose (HC), but there were no 
differences between the defaunated and partially 
defaunated groups (p그0.05) in this experiment. This 
result could indicate that the protozoa which can 
degrade NDF in the rumen were retained in the 
partially defaunated group, and the fungi and 
cellulolytic bacterial populations in both groups were 
increased. .

Partial defaunation and defaunation may signifi
cantly improve the PED of DM and NDF, but no 
differences were observed. There were significant 
differences in PED of ADF and HC in the three 
groups, and the order was as follows: partial 
defaunation 그defaunation 그faunation. The reason may be 
that defaunation or partial defaunation changes the 
bacteria and protozoa population and generic 
composition.
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Table 3. Effect of controlling protozoa flora on 
dietary 垣bre degradation in the rumen

Parameter Nutrient
Groups

De
faunation

Partial 
defaunation Faunation

ED (%) DM 26.585a 26.625a 26.07 la
NDF 18.257a 19.625a 14.557b
ADF 17.274a 17.208a 15.540b
HC 19.224a 18.435a 13.782c

PED (%) DM 49.570a 49.630a 47.810°
NDF 44.703a 43.947흐 39.803b
ADF 42.050b 44.213a 39.647c
HC 43.873b 50.443a 36.807c

Kd (%h'') DM 2.69a 2.49° 2.28c
NDF 2.44a 2.51 흐 2.48a
ADF 2.53b 2.74a 2.54a
HC 2.68b 2.89a 2.59c

SAFI DM 2.34a 2.18° 1.99c
NDF 1.13b 1.57a 1.20b
ADF 0.574b 0.674a 0.575a
HC 0.364b 0.431 검 0.221c

LT (h) NDF 4.987° 5.969a 6.117a
ADF 5.489a 4.929b 4.325c
HC 6.703b 9.240a 6.531b

RF (%h“) NDF 21.566a 20.347° 21.187a
ADF 21.804허 21.53尸 21.237a
HC 22.949a 22.601a 20.112b

* ED: effective degradability; PED: potentially effective 
degradation; Kd: rate of digestion; SAFI: surface area 
fermentability index; LT: lag time; RF: rumen fill.

Effect on rumen fermentation
The effect of controlling protozoa on total amount 

and molar proportion of VFAs in the rumen is shown 
in table 4. There was a significant decrease in total 
volatile fatty acid concentration in defaunated animals. 
Molar proportions of propionate increased and of 
acetate and butyrate decreased in defaunated animals, 
which is consistent with the observation of other 
workers (Whitelaw et al., 1984; Opnagia 1994). Molar 
proportions of propionate and acetate in the rumen of 
partially defaunated animals were inter- mediate 
between defaunated and faunated animals.

Table 4. Effect of controlling protozoa on VFAs and 
molar proportions of VFA in the rumen____________

Groups

Defaunation Partial 
defaunation Faunation

Acetate(%) 47.03C 55.75b 64.54a
Propionate(%) 46.93흐 31.80b 23.13c
Butyrate(%) 6.04b 13.45a 12.3寸
Valerate(%) - - -
Total VFA (mM) 62.15c 70.96a 67.85b
NGR 1.25c 2.59b 3.86a

acetate (%)+2x butyrate (%)+valerate (%)
Propionate (%)+valerate (%)

NGR is the ratio of non-glucogenic to glucogenic 
VFAs. When the NGR value is 2.25~3.00, the 
utilization of feed is the highest (0rskov, 1975). Table 4 
indicated that the value of NGR in partial defaunation 
group was in the range of 2.25 ~3.00, which proved 
that rumen protozoa in the partially defaunated animals 
fed on a roughage based diet could increase the feed 
utilization.

Effect on dietary protein degradability
Table 5 showed that partial defaunation could 

significantly decrease dietary protein degradability, and 
there was no difference between defaunated and 
faunated groups, but dietary protein degradability in 
the faunated groups was slightly higher than in the 
defaunated group, which is consistent with the result 
of the early researchers (Jouany and Thivend, 1983; 
Kayouli et al., 1986). The lower amount of dietary 
degraded protein in the rumen of sheep in partially 
defaunated group might be explained by the different 
protozoa genera and the concentration between partially 
defaunated and faunated groups (Jouany and Ushida, 
1998).

Table 5. Effect of controlling protozoa on the 
effective degradability (ED%) of dietary protein and 
the flows of nitrogenous substances in the rumen and 
entering the duodenum____________________________

Groups

Defaunation Partial 
defaunation Faunation

ED (%) 46.187， 41.173° 46.583，

TN R(g/d) 17.74a 17.96a 17.07b
D(g/d) 15.02a 15.09a 14.43b

MCN R(g/d) 5.77a 5.75a 5.02°
D(g/d) 4.52a 4.66a 3.70b

PN R(g/d) - 1.66b 1.93a
D(g/d) - 0.94b l.lla

* R: rumen; D: duodenum; TN: total N; MCN: microbial
N; PN: protozoa N; ED: effective degradability.

The flow of TN and MCN in the rumen and the 
flow entering the duodenmn in the defaunated and 
partially defaunated groups were significantly higher 
than in faunated group (table 5). There was no 
difference between the defaunated and partially 
defaunated groups. The result of defaunation agrees 
with other researchers (Meyer et aL, 1986). The main 
reason is that the bacterial population in the de
faunated and partially defaunated groups is increased, 
which increases microbial yield in the rumen and 
output of net protein into the duodenum.

Effiect on the amino acid pattern
There were differences in the amounts of TAA,
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Table 6. Effect of controlling protozoa on the amino acid amount and amino acid pattern in the digesta at the 
proximal duodenum of sheep

______________________________________ Groups
Faunation Parti지 defaunation  Defaunation

Amount Pattern Amount Pattern Amount Pattern
(g/d) (as Lys 100%) (이d) (as Lys 100%) (g/d) (as Lys 100%)

AS
Thr
ser
Glu
Gly
Ala
cys
val

Met
He
Leu
Tyr
Phe
Lys
His
Arg
Pro
EAA
NEAA
TAA

0.907a
47.58a

7.008a 184.8 7.853" 174.4 8.590a 230.3
3.443a 90.72 3.520" 78.17 3.553a 95.25
3.520- 92.75 3.870a 85.94 3.960a 106.2

10.168b 267.9 11.137ab 247.36 12.860a 344.8
4.104b 109.1 4.473ab 99.33 5.140a 137.9
4.682b 123.4 5.290ab 117.5 5.940a 159.2
1.387a 36.54 1.430a 31.76 1.515a 40.62
4.967a 130.8 5.303a 117.8 5.580a 149.6
1.885a 49.67 1.823a 40.48 1.950a 52.28
4.165a 109.7 4.450a 98.82 4.520a 121.2
7.682a 202.4 8.497a 188.7 9.270a 248.5
3.112， 82.00 3.360a 74.62 3.630a 97.32
4.465a 117.7 3.837a 85.21 4.900a 131.4
3,795a 100.0 4.503a 100.0 3.730a 100.0
1.570a 41.37 1.590a 35.31 2.170a 58.18
2.896b 76.31 3.280ab 72.84 3.890a 104.3
3.575b 94.20 3.20，尸 71.22 3.460a 107.8

34.868b - 36.863* - 39.563a -
37.592b - 40.620ab - 45.0953 -
72.460b - 77.483* - 84.685a -

0.877a
46.对

EAA/NEAA 0.927a
EAA/TAA X 100% 48.12a

EAA: essential amino acids; NEAA: nonessential amino acids; TAA: total amino acids.

EAA and NEAA in the digesta at the proximal 
duodenum of sheep in three groups (table 6), and the 
order was as follows: faunated<partially defaunated< 
defaunated (p<0.05). Data for all individual amino 
acids flows and the similar order of TAA, EAA and 
NEAA, especially for Arg, Glu and Ala in the digesta 
at the proximal duodenum of the animals in both 
defaunated groups indicated that increased amino acids 
flows mainly originated from rumen bacteria, because 
Arg, Glu and Ala were higher in rumen bacteria 
(Czerkawski, 1976).

The amino acid pattern in the digesta at the 
proximal duodenum of sheep in this experiment was 
compared with the ideal amino acid patterns proposed 
from other sources (Hongrong Wang, 1998; McCance 
and Widdowson, 1978). The comparison showed that 
the amino acid pattern in the digesta at the proximal 
duodenum of sheep in the partially defaunated group 
was the 이osest to the proposed ideal patterns. In view 
of certain essential amino acids (EAA) such as Lys, 
Glu, Leu and He are rich in the protein of rumen 
protozoa, although complete defaunation could improve 
the amount of microbial protein in the rumen and 
entering duodenum, the amino acid pattern was far 
from the ideal amino acid pattern.

CONCLUSIONS

In case of animals fed high fibre diets, partial 
defaunation not only decreased the negative effect of 
protozoa but also increased the positive effect of 
protozoa. The amino acid pattern in the digesta 
entering the duodenum of sheep in the partially 
defaunated group was the best in the three groups. 
Partial defaunation overcomes the difficulty of 
complete defaunation, because the defaunation agent 
could be easily added to the diet fed to partially 
defaunated animals.
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