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ABSTRACT

Three growing Polish Merino rams were defaunated and then consecutively refaunated with
Eudiplodinium maggii, Entodinium caudatum and Dasytricha rumingntivm, Establishment of Eudi-
plodinium maggii in the rumen of defaunated animals resulted in the increase of B-endoglucanase
and xylanase activities by about 42 and 46%, respectively (P<0.01). Enzyme activities did not change
following the development of Entodinium caudatum whereas significantly decreased (P<0.01) when
Dasytricha ruminanium was added to Entodinium caudatum and Eudiplodinium maggii.

Rumen digesta weight tended to increase following the consecutive refaunations. ADF and NDF
in rumen digesta varied in the range of 4.1-5.6 and 6.5-7.9%, respectively, and increased significant-
ly after establishment of Entodinium caudatum and Dasytricha ruminantium. Disappearance rate of
ADF and NDF was affected by the microfauna composition and varied from 0.21 to 0.30 and from
0.36 to 0.50 kg/12 h, respectively. Establishment of Entodinium caudatum and Dasytricha ruminan-
tium in the rumen was accompanied by decrease in disappearance rate of ADF and NDF (P<0.01),
The negative correlation was found between both the ADF and NDF contents in rumen digesta and
their disappearance rate from the rumen.
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INTRODUCTION

Ruminants depend on fibrolytic microorganisms in utilization of energy from
the structural carbohydrates in forages. Of protozoa inhabiting in the rumen some
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species of the genus Diplodinium seem to participate in digestion of the fibrous
feed (Dehority, 1993} wherecas Entodinia affect this process influencing posi-
tively the population of fibrolytic bacteria (Ushida et al., 1991). Role of ruminal
holotrichs is not clear but decreasing effect can not be precluded presumably due
to lactic acid production (Van Hoven and Prins, 1977). The data cited here sug-
gest that cellulose and hemicellulose degradation in the rumen can be influenced
by the microfauna composition.

~ The aim of this study was to estimate J-endoglucanase (CMC-ase) and xyla-
nase activities in the rumen digesta as well as ADF and NDF disappearance from
the rumen of defaunated sheep and following their refaunation with fibrolytic
ciliate alone or accompanied by either starch or starch and soluble carbohydrates
preferring species of protozoa.

MATERIAL AND METHODS

Three growing Polish Merino rams weighing about 40 kg at the beginning of
the study and fitted with large rumen cannulas were used. The animals were kept
in separate pens with the solid walls and fed 750 g hay and 130 g ground barley
every 12 h while access to the water was free.

The study composed of four experimental periods during which the sheep were
either ciliate free (Peried 1) or refaunated only with fibrolytic Eudiplodinium maggii
(Period 2); with Eudiplodinium mageii and strach preferring Entodinium cauda-
fum (Period 3) or with the both mentioned spectes of ciliates plus Dasyericha ru-
minantium preferentially utilized soluble carbohydrates (Period 4). Eudiplodi-
nium maggii and Entodinium caudatum used in refaunation procedure originated
from in vitro cultures. Dasviricha ruminantivm ciliates were picked from the
diluted rumen fluid of cow and introduced tmmediately to the rumen of sheep.

Digesta samples for determination of the enzyme activities (2 x 40-50 g} and
ciliate number (2 x 5.0 g) were taken just before morning feeding and 4 h there-
after. The digesta volume as well as ADF and NDF were determined just before
both the morning and evening feeding. For this purpose the digesta was with-
drawn from the rumen, It was weighing and sampled (2 x 60-70 g) for the fibre
fraction estimation and returned back. The sampling was starting not earlier than
3 weeks following defaunation (Period 1) or establishment of the protozoa popu-
lation {Periods 2, 3 and 4). Each sampling was repeated three times on different
days of each period. The samples for enzyme activities and ADF and NDF deter-
mination were stored at —20°C. The samples for protozoa counting were fixed
with 4% aqueous formaldehyde solution.

Enzyme were extracted in the presence of lysozyme using carbon tetrachlo-
ride (Huhtanen and Khalili, 1992). The activities of f-endoglucanase and xyla-
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nase were determined by mecasurement of reducing sugars released from car-
boxymethylcellulose (CMC) and xylan during incubation with enzyme solution
for 1 h at 40°C (Grolean and Forsberg, 1981; Huthanen and Khallili, 1992).
Glucose and xylose were used as standards, respectively. The activity of each
enzyme was expressed as UM sugars released from substrate/g DM of rumen
digesta/min. The samples of rumen digesta were dried at 105°C to determine
DM while ADF and NDF were estimated according to AOAC (1990). Ciliate
protozoa were counted using light microscope.

Mean values were calculated from the obtained data while significance of
differences was calculated using Students t test.

RESULTS AND DISCUSSION

No ciliates were present in the rumen of all three sheep during the first experi-
mental period which shows that defaunation method (Michalowski et al., 1999)
was successful. Eudiplodinium maggii was present in the rumen for the next 3
periods; Entodinium caudatum - for the periods 3 and 4 while Dasytricha rumi-
nantium - for the last period only (Table 1). Inoculation of Entodinium caudatum
into the rumen resulted in the decrease in the number of Eudiplodinium maggii
by about 50% (P<0.01}. This reaction could be explained as a result of competi-
tion between the ciliate species to starch. Establishment of Dasytricha ruminan-
tinm had no effect on population density of ciliates already present in the rumen.

Development of Eudiplodinium maggii in the rumen of the ciliate-free sheep
led to the increase in both the -endoglucanase and xylanase activity (Table 1).
An explanation for these findings can be high activity of enzymes produced by
mentioned protozoa (Michatowski and Harmeyer, 1998). Establishment of En-
todinium caudatum 1n the rumen of sheep did not affect the enzyme activities in
spite of significant decrease in the number of fibrolytic Eudiplodinium maggii
(Dehority, 1993). This could be the result of stimulating effect of Entodinium
caudatum on development of the fibrolytic bacteria (Ushida et al., 1991). In-
crease in the number of fibrolytic bacteria could compensate the changes in en-
zyme activities resulting from diminishing in concentration of Eudiplodinium
maggii. Establishment the population of Dasytricha ruminantium resulted 1n the
decrease in both the B-endoglucanase and xylanase activities (P<0.01). This sug-
gest a negative effect of small holotrichs on fibrolytic bacteria as the number of
ciliates was not influenced.

ADF and NDF disappearance rate from the rumen of defaunated sheep was
0.27 and 0.50 kg/12 h and did not change significantly following establishment
of Eudiplodinium maggii (Table 1). Appearance of Entodinium caudatum in the
rumen led to decrease in disappearance rate of ADF and NDF (P<0.05) in spite
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TABLE t
Ciliate numbers and fibrolytic enzyme activities with relation to digesta weight and ADF and NDF
contents as well as ADF and NDF disapperance from the rumen of defaunated and differently refaunated
sheep

Experimental periods

Item

1 2 3 4
Eudiplodinium magi (x 10%/g} 0.0 22.8¢ 11.8% 10.8"
Entodinium candatum (x 10%1) 0.0 0.0 268.7 285.0
Dasytricha ruminantium (X 10°/g) 0.0 0.0 0.0 534
Other ciliates not present  not present  not present  not present
B-endoglucanase in rumen digesta,
1M glucose/g DM/min 4.0 5.7% 6.3° 53¢
f-xylanase in rumen digesta,
PM xylose/g DM/min 389 55,10 52.4° 46.4°
Rumen digesta weight, kg 8.90 9.1° 9.6 10.12
ADF in rumen digesta, % 4.4° 4.1* 5.0 4.8
NDF in rumen digesta, % 6.7 6.5° 7.5 7.9
ADF disapperance rate’, kg/12 h 0.27% 0.30° 0.26° 0.21°
NDF disapperance rate, kg/12 h 0.50° 0.50° 0.42° 0.36°

ADF and NDF disapperance was calculated from their content in the ration and in the rumen digesta
before the morning and evening feeding.
values marked with different letters differ significantly (P<0.03)

of high activity of the enzyme tested. This suggests that no correlation can exist
between both the ff-endoglucanase and xylanase activities in the rumen digesta
and ADF and NDF disappearance from the rumen. Development of Dasytricha
ruminanium caused the significant decrease in disappearance rate of ADF and
NDF from the rumen (P<0.01). This last finding is in good accordance with
earlier observation (Ushida et al., 1991, Ivan at al., 2000) as well as with chan-
ges in fibrolytic enzyme activities presented in this paper (Table 1). It is possible
that Dasytricha ruminantium influenced negatively the development of fibroly-
tic bacteria. Reduction in bacteria number was not compensated by the increase
in the number of the fibrolytic Fudiplodinium maggii and due to this a decrease
in both the fibrolytic enzyme activities and ADF and NDF disappearance from
the rumen were observed.

The obtained results showed relationship between microfauna composition
and ADF and NDF digestion and/or outflow from the rumen. Decrease in disap-
pearance of the both fibre fractions resulted in increase their contents in rumen
digesta (Figure 1) and increment in digesta volume.
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Figure 1. Relationships between both the ADF and NDF disappearance rate from the rumen and their
contents in the rumen digesta
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STRESZCZENIE

Wplyw wybranych gatunkéw orzeskow na aktywneéé B-endoglukanazy i xylanazy oraz rozkiad
wlikna w Zwaczu owcy

Trzy rosngcc trvki Merynosa poilskicgo defaunowano 1 nastgpnic refaunowano Eudiplodinium
maggii, Entodinium caudatum i Dasytricha ruminantium. Zasiedlenie Endiplodininm maggii w zde~
faunowanym Zzwaczu spowodowato wzrost (P<0,01) aktywnosci S-endoglukanazy oraz xylanazy o
42 i 46%, odpowiednio. Aktywnosé tych enzymow nie zmienila sie istotnie po rozwoju Entodinium
caudatum, natomiast znaczaco (P<0,01) zmnigjszyla sig, gdy orzeski Dasytricha ruminanium zosta-
ty dodawane do Entodinium caudatun i Eudiplodinium maggii.

Stwierdzono tendencje wzrostu masy tresci zwacza w nastepstwie refaunacji. ADF i NDF w
trescl zwacza stanowity 4,1-5,6 oraz 6,5-7,9%, odpowicdnio, 1 zwigkszaly sig znaczaco po rozwinig-
ciu si¢ populac)i Entodinium caudanun i Dasytricha ruminantium. Tempo ubytku ADF i NDF ze
zwacza zalezalo od skladu mikrotauny 1 wynosilo od 0,21 do 0,30 oraz od 0,36 do 0,50 kg/12 godz.,
odpowiednio. Zasiedleniu zwacza przez Dasyiricha ruminantium towarzyszylo zmniejszenie (P<0,01)
tempa ubytku ADF 1 NDF w zwaczu,

Stwicrdzono ujemng korelacjg migdzy tempem ubytku ADF i NDF a ich zawartoscig w tresci
Zwacza.





