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ABSTRACT

The role of rumen ciliates in starch digestion is not well known. The objective of this study was
to examine the influence of the ciliates Eudiplodinium maggii and Entodinium caudatum on the
turnover of dietary starch in the rumen. It was found that ciliates significantly increased the contents
of a-D-glucose polymers in the rumen and their amount passing to the omasum (P<0.05). Competi-
tion among the ciliate species for starch was also observed. It is concluded that the effect of ciliates
on the metabolism of starch consists of a restrictive influence on the bacterial fermentation of this
polysaccharide in the rumen.
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INTRODUCTION

Farm ruminants are often fed starch-rich diets (Lyle et al., 1981; Whitelaw et
al., 1984). This dietary polysaccharide is digested and fermented by bacteria, fun-
gi and protozoa inhabiting the rumen. The role of protozoa in starch metabolism
is controversial (Veira et al., 1983; Rowe et al., 1985; Mendoza et al., 1993). It is
well known, however, that all of the examined species exhibit amylolytic activity
(Williams and Coleman, 1992). Thus, the objective of this study was to examine
the influence of ciliate fauna established in ciliate-free sheep on the contents of
a-D-glucose polymers in the rumen and their quantity passing to the omasum.
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MATERIAL AND METHODS

Two Polish Merino rams (No 33 and 35) fitted with large rumen fistulae
were kept in separate pens and fed meadow hay (750 g) and ground barley
(130 g) every 12 h. Water was available ad /ibitum.The study comprised three ex-
perimental periods. Period 1, ciliate-free animals; period 2, rams refaunated with
Eudiplodinium maggii; period 3, rams refaunated with Eudiplodinium maggii and
Entodinium caudatum. The animals were defaunated according to Michatowski et
al. (1999) while the protozoa established in the rumen originating from in vitro
cultures.

Rumen contents were sampled just before the morning feeding and 4, 8 and
12 h thereafter. Rumen digesta was evacuated and weighed just before the morn-
ing and evening feeding. Samples of reticular fluid were collected every 2 h. The
samples for counting protozoa were fixed with 4% formaldehyde, while the others
were kept frozen at -20°C. The protozoa were counted using a light microscope.
Starch and reserve polysaccharide were determined quantitatively after digestion
with amyloglucosidase (Rose et al., 1991). Polyethylene glycol given to the ru-
men was estimated in the sampled reticular fluid according to Hyden (1961) to
calculate the volume of the omasal influent.

Mean values were calculated from the obtained results and compared using
Student’s t-test.

RESULTS AND DISCUSSION

The volume of rumen contents varied in relation to the animal and experimen-
tal period (Tables 1 and 2). Establishment of the Entodinium caudatum popula-
tion caused a decrease in the numbers of Fudiplodinium maggii in sheep 35. This
decrease resulted perhaps from the competition of both ciliate species for starch
(Betzecki et al., 2004). The number of Eudiplodinium maggii in sheep 33 was
three times lower than in sheep 35. Thus, it is possible that the quantity of starch
available for these ciliates did not decrease after establishment of Entodinium
caudatum. The changes in a-D-glucose polymers following the establishment of
ciliates in the rumen could result from engulfment of starch grains by ciliates
and reduction in the quantity of starch quickly fermented by amylolytic bacteria.
It is also suggested that the rumen ciliates degrade and ferment starch much more
slowly than bacteria (McAllister and Cheng, 1996). The obtained results are in
line with the findings of Mendoza et al. (1993) on the effect of a mixed fauna, but
in disagreement with the data of Veira et al. (1983) and Rowe et al. (1985).
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Table 1. The rumeno-reticular characteristics of sheep No. 33 free of ciliates (I) and refaunated with
either Eudiplodinium maggii (I1) or Eudiplodinium maggii and Entodinium caudatum (I111). Mean

values (n = 3)

Experimental periods

Characteristics I m T
Rumen content volume, kg 13.5¢ 16.8® 18.3°
Total 1,4;1,6-0-D-glucans, g/rumen 8.1° 13.8° 20.6°
Eudiplodinium maggii, (x103/g rumen content) 0.0 13.52 14.3
Entodinium caudatum (x10%/g rumen content) 0.0 0.0 181.2
Volume of omasal influent, 1/12 h 12.4¢ 14.0? 16.12
Total 1,4;1,6-0-D-glucans passing to omasum, g/12h 5.4¢ 10.5° 15.1°
Eudiplodinium maggii (10°/ml reticular fluid) 0.0 370 1.6
Entodinium caudatum (10°/ml reticular fluid) 0.0 0.0 98.9

values in a row marked with different letters differ significantly (P<0.05)

The outflow rate from the reticulum was calculated according to Michatowski
(1998). Despite selective retention of ciliates in the rumen, the increase in the quantity
of a-glucose polymers passing to the omasum was observed (P<0.05). It suggests that
the majority of these polymers were not the cellular polysaccharides of protozoa.

Table 2. The rumeno-reticular characteristics of sheep No. 35 free of ciliates (I) and refaunated with
either Eudiplodinium maggii (11) or Eudiplodinium maggii and Entodinium caudatum (111).Mean val-

ues (n = 3)

. Experimental periods
Characteristics I m I
Rumen content volume, kg 11.0° 12.5¢ 10.9°
Total 1,4;1,6-0-D-glucans, g/rumen 9.28 12.0? 20.8°
Eudiplodinium maggii, (x103/g rumen content) 0.0 41.6 21.3°
Entodinium caudatum (x103/g rumen content) 0.0 0.0 253.9
Volume of omasal influent, 1/12 h 10.9° 11.12 10.0?
Total 1,4;1,6-a-D-glucans passing to omasum, g/12h 5.9 14.7° 17.4°
Eudiplodinium maggii (10°/ml reticular fluid) 0.0 9.1* 4.0°
Entodinium caudatum (10°/ml reticular fluid) 0.0 0.0 207.7

values in a row marked with different letters differ significantly (P<0.05)

CONCLUSIONS

The establishment of ciliates diminished starch digestion and fermentation
in the rumen and increased the outflow of a-glucose polymers to the omasum,
which resulted in an improved glucose supply to the host. This improvement
arises perhaps mainly from the reduction in the bacterial degradation of starch in

the rumen.
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STRESZCZENIE

Wplyw selektywnie dobranej fauny zwaczowej na trawinie skrobi i odplyw polimerow
a-glukozy z czepco-zwacza owiec

Rola orzgskéw w trawieniu i przemianach skrobi w zwaczu jest stabo poznana. Celem ninie-
jszych badan bylo zbadanie wptywu orzeskow Eudiplodinium maggii i Entodinium caudatum na
przemiang skrobi paszowej w zwaczu. Stwierdzono, ze po ustaleniu si¢ populacji pierwotniakéw
nastapit wzrost zwartosci polimeréw a-D-glukozy w zwaczu oraz ich odptyw do ksiag (P<0,05).
Stwierdzono istnienie konkurencji migdzy gatunkami wszczepionymi do zwacza o skrobig. W pod-
sumowaniu zasugerowano, ze wptyw pierwotniakdw na przemiang skrobi polegat na hamowaniu
bakteryjnej fermentacji tego weglowodanu w zwaczu.



